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INTRODUCTION 

The i nsec t s comprise approx imate ly h a l f ( 5 0 , 8 ^ ) o f 

the t o t a l l i v i n g species and 12% o f a l l animals on t h i s ear th . ' 

I n a f o r e s t system they occupy u ide range o f micro and macro 

h a b i t a t s . They get food from the p l a n t and i n t e r a c t u i t h 

environmental i n f l uences and form an impor tan t element i n a 

complex ueb o f p l a n t and animal l i f e . Na tusa l l y they have 

tremendous i n f l u e n c e on the f o r e s t ecosystem. The i nsec t s may 

impai r or enhance the a e s t h e t i c values o f any system they 

occupy. Thei r a t tack on f o r e s t t rees may inc rease chances o f 

f i r e hazard. 

Forest Entomology i s a major branch o f f o r e s t 

ecology. I t deals u i t h the problem of i n t e r a c t i o n s o f i n s e c t s 

t o the f o r e s t and f o r e s t produce. I t i nc ludes mainly the 

study of f o r e s t i nsec ts and t h e i r p o p u l a t i o n dynamics,' Forest 

Entomology covers i d e n t i f i c a t i o n , f o r e c a s t i n g , measurement o f 

i n j u r i o u s i n s e c t p o p u l a t i o n , assessment o f i n s e c t causing 

damage, ana l ys i s o f the causes o f outbreak and evo lv ing 

p r i n c i p l e s and procedures to p r o t e c t the f o r e s t s and f o r e s t 

products from insec ts (Graham, 1963), 

Forest Entomologists have great task fo r understanding 

f o r e s t system and p rov id i ng measures o f c o n t r o l both f o r the 

b e n e f i t o f the f o r e s t system as u e l l as the i n s e c t s , A knowledge 

of i nsec t fauna o f a f o r e s t have been f e l t to be o f pr imary 



necessity in vieu of the Increasing emphasis being l a i d in 

the creat ion of National Parks and U i l d - l l f e Sanctuarfes and 

thoir maintenanoe* 

Balphakram National U l l d - l l f e Sanctuary is s i tuated 

in adjoining border areas of Uest Garo H i l l s © i s t r i c t and West 

Khasi H i l l s D i s t r i c t (29Q sq, km.) of the Meghalaya Sta te , I t 

is a natural Sub-tropical semi-evergreen forest of mi'xed 

vegatat lon. The people of th is area pract ise jhum or s h i f t i n g 

c u l t i v a t i o n . This forest is one of the l as t resorts of u i l d 

elephants and other wild l ives i n the North-eastern h i l l s 

region i n I n d i a . T i l l recent past Balphakram National Wild­

l i f e Sanctuary uas a s c i e n t i f i c a l l y unexplored area. 

The present invest igat ion uas star ted in 1979.' 

During the f i r s t two years survey uas conducted and a f t e r a 

thorough annual survey, tuo major insect pests of important 

forest trees were i d e n t i f i e d and invest igat ions on the i r 

development, l i f e - t a b l e and control measures uere taken up. 

This Thesis incorporates the study on three aspects 

( l ) SURVEY OF INSECT FAHNA : 

Reports on faun is t ie surveys of insects are scanty 

and l imi ted to cer ta in pockets only so fa r as North-eastern 

h i l l s of India hav« is concerned though some reports on insects 



frem Ind ia have been mantiened i n Imms Genors^ Text 9eok 

@f Entomslogy roviseel by Richards and Davis (1977) , Ferest 

Research I n s t i t u t e ©f I nd ia and Z@€)Iogioal Survey o f Indfa 

have conducted f a u n i s t i o surveys i n d i f f e r e n t p a r t s @f the 

Country frsm t ime to t ime. As i n s e c t s form a majsr greup 

e f pr imary censumers, survey and i d e n t i f i c a t i a n o f i n s e c t 

fauna i s c f fundamental importance i n the management o f 

any f o r e s t ecosystem. As there i s n@ r e p o r t @n i n s e c t 

fauna c f ia lphakram Nat iona l U i l d - l i f o Sanctuary the 

p resent i n v e s t i g a t i o n was under taken. The d e s c r i p t i o n ©f I rs 

the sanctuary has been prov ided i n the Chapter 2* Some 

idea o f i t s i n h a b i t a n t s and t h e i r l i v i n g has been p rov ided . 

I n our present survey i nsec ts uere c o l l e c t e d 

by sueeping net and by hand p i c k i n g dur ing day t ime and 

by l i g t ^ l - t r a p du r ing nigt^t t ime a t monthly i n t e r v a l s 

from September, 1979 to October, 1981. Though many insec ts 

uere c o l l e c t e d dur ing day t ime, the l i g h t - t r a p uas found 

very convenient and the study on survey o f the i nsec t s uas 

based mainly on t h i s techn ique. Hanna (1969) repo r ted l i g h t -

t rap as a convenient t o o l f o r i n v e s t i g a t i n g i n s e c t fauna, 

i t s popu la t i on dynamics and seasonal a c t i v i t y i n any g iven 

a rea . Cer ta in workers , such as . Falcon ^ / ^ . (19S7 a, b) 

have combined b lack l i g h t - t r a p w i t h f i e l d sampling f o r 

d e t e c t i n g and assessing the a t t a c k o f posts i n c e r t a i n crops. 

S i m i l a r l y , b lack l i g h t - t r a p s have been used i n a s s o c i a t i o n 

u i t h sex pheromones fo r the same purpose , (Ford , Uo l f and 

Va id , 1972). U i t h the help o f ragq la r l i g h t - t r a p c o l l e c t i o n 



p o p u l a t i a n dynamics o f var ious i n s e c t groups can ba 

s t u d i e d . Some workers such as, Be l t s et^i _ a l , ( 1 9 7 l ) , Odiys 

(1973) hav/e used such data f©r f e r e - c a s t i n g ou t -b reaks 

o f c e r t a i n se r ious pes ts . L i g h t - t r a p s have been u s e f u l 

i n taxonomic s t u d i e s (Dames,1943; Sa'ck,1958; L i n l e y , 

Evans and Evans, 1970; K l i ne and A x t e l l , 197S) as u e l l 

as f o r ana lys i s of p o p u l a t i o n dynamics (Henneberry, Houland 

and Ua l f , 19S7; Alma, 1973; Reddy and A l f r e d , 1977), 

The L i § h t - t r a p experiments uere conducted a t 

the Baiphakram Farest Beat O f f i c e varandah which i s 

s i t u a t e d on a h i l l - t o p (862 m. a . s . l . ) , surrounded by 

t h i c k deciduaus f o r e s t . Insec ts a t t r a c t e d to l i g h t i n 

between 17,00 h r s , to 05,00 h r s , wore c o l l e c t e d a t hou r l y 

i n t e r v a l s . The ana l ys i s o f i n s e c t s c e l l e o t e d has been 

c a r r i e d out on h o u r l y as u e l l as monthly bas is and a 

p i c t u r e ©f t h e i r p o p u l a t i o n dynamics has been p rov ided 

i n r e l a t i o n to atmospheric temperature, humid i t y and 

r a i n f a l l . 

(2 ) BIOLOGY AND LIFE-TABLE OF nA30R INSECT PESTS : 

The outbreaks and p e p u l a t i o n dynamics o f the 

f o r e s t i n s e c t pests have always been a p o i n t s f s p e c i a l 

concern (see Graham, 1963), The ©utbreaks are assoc ia ted 

w i t h the changes i n the ecology and other envi ronmenta l 

f a c t o r s (T inbergen , 1969; S i p p e l l , 1962; Graham, 19S3; 



Furniss and Barr, 1967; n i l l e r , 1970; Ives, 1976; 

V/alentine and Taler ico, 1980), For predict ing the 

outbreaks and devising control measures I t I s 

necessary to have an idea of the biology and l i f e 

t ab le of the insec t pests (Ui t tef , Rattson and 

Kulman, 1975; Mason, 1976)V 

During the f i r s t year of survey ue found 

11 species of insec t s feeding on dif ferent t rees 

and plants in large numbers'. Out of these, Cyclosi^ 

parithon'a' ^tam, and DJa'ph'anl'a' I'a'tl'cbs't'a'IiV Guene uere 

found to be ser ious defol ia tors of ^p'dv'as'a* r'o'xbiu'r'qh'i'i-

Bull , and H'olarrh'ena' aht'fdyyenfr'llc'a' (Lin,')» respec­

t i v e l y . These t rees grou abundantly in Balphakram 

fores t . Ue conducted detai led inves t iga t ions on 

biology and population dynamics of _C. pa'hth'o'ria' Cram.' 

and constructed i t s l i f e tables and survivorship 

curves. Detailed biology of _0. I'a'ti'co's't'al^i^s' Guene 

uas also carr ied out. For the r e s t of the insec t s 

the i r host plants and period of occurrence have 

been recorded^' 

( 3 ) RELATIVE TOXICITY EXPERIMENTS : 

Chemical control measures are widely pract ised 

to control insect pests in ag r i cu l tu re as ue l l as in 

fo res t s . To s e l ec t su i t ab le i n sec t i c ide s , r e l a t i v e 

tox ic i ty of(candidate insec t i c ides )are performed"," 

In the recent past ce r ta in workers such as , Saini 

and Sharma (1970) , Teot ia and La i (1972) , Takahashl 

and Kir t tan i (1973), Ciesla (1977), slngtj and Gupta(l978) 



amsng ethers eandueted experiments en r e l a t i v e t o x i c i t y 

af d i f fe ren t insect ic ides in labaratory and evaluated the i r 

r e l a t i v e effectiveness to cent re l the par t icu lar insect 

pest species. Based on the results af the labsratary^ 

insecticides can he selected for use i n the f ie ld.^ Keeping 

this i n view. 4 l e c a l l y ava i lab le insect icides (Nuvaeron,' 

Cythien, Ekalaux and Thisdan) have ^een tested i n the 

present invest igat ion te f ind aut t h e i r r e l a t i v e t e x i c l t y 

against Cyclesi-a^ pa'nth'ena' and Qfa'gti'a'ni'a^ lUt^iVoyt^a^lJiy larvae*^^ 

The findin&js prasentad in th is thesis are expected to be 

af use to the Foresters as u a l l as Gevernmsnt Departments 

i n the management of insect fauna and cantrol^ of ma jar 

insect posts not anly i n ialphakram National U i l d - l i f e 

Sanctuary but alse i n the neighbouring forests',' 



STUDY SITS 

LOCiU'ION : 
The BalphakraBi N a t i o a a i W i l d - l i f e Sanctuary 

IS s i t u a t e d in between l a t i t u d e s 25*' l0 ' - 25°30*N and 

l o n g i t u d e s 90°37 ' - 90°58 'E in t h e S o u t h - a e s t e r n p a r t 

of t h e Meghalaya S t a t e of I n d i a . The t w o - t h i r d s of the 

s anc tua ry i s in t h e aes t Garo H i l l s D i s t r i c t and one-

t h i r d in t h e West Khasi H i l l s D i s t r i c t . The t o t a l a r ea 

of the s a n c t u a r y i s about 290 s q . km (Maps 2 » I , 2,2 and 

2 » 3 ) , The main s tudy s i t e was around t h e Balphakram 

Beat Off ice s i t u a t e d at about 660 m aoS«l« 

The E a s t e r n boundary of t h e s a n c t u a r y is 

marked by t h e Moheshkhola r i v e r and i t s t r i b u t a r y 

the Sohl ing s t ream and a l so the Dotlnga s tream of t h e 

By t i t r i v e r flowing from North t o South . 

The Western boundary of t h e Sanctuary i s 

marked by t h e Rongrong s t ream of t h e Simsanfl r i v e r 

f lowing irom North t o South and t h e K a i l a s h (Chutmangj 

peak . 

The Nor thern boundary of t h e s anc tua ry i s 
marked by t h e Rongkhai s t ream and i t s t r i b u t a r y thd 
Durek s tream flowing i n t o t h e Slmsang r i v e r o 

The Southe in boundary i s marked by some 

v i l l a g e s which are from East t o West , Soh l ing . and 

Uanthangsora at t n e u o r t h uf MohesukuoXa; Thepthepa 
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a t the North e f nahatrieu; H a t l o h l a a t the Nerth of Khanal ; 

Thalil§ng» Khsnehak, Khunsung Songmans) a t the North of Rangra 

and Chutmung Gengret a t the North e f Phanda.' Thepthepa 

v i l l a g e s i t u a t e d a t the Seuthernmest t i p c f the sanctuary 

i s anly abeut 3 kms' fram the Inde-Sangladesh I n t e r n a t i e n a l 

baundary.' 

The Sanctuary i s serraunded by Pleheshkhala 

A d u § i r l range mn the Cast | by Tura range en the Uest , by 

A r a b e l l a range an the Nerth and by the Bangladesh p l a i n 

en the Sauth.The t h r e e main h i l l ranges u i t h i n the 

Sanetuary fram Cast t a Uest a re Pindengru ( 9 1 0 m. a . ' s . ' l . ) , 

Balphakram (86Q m, a . s . ' l . ) and K a i l a s h or Chutmung 

(10)25 m, a . s . l . ) * 

MEANING OF iALPHAKRAI*! ; 

I n Gara language "Sa lua" means u ind and "Phakram" 

means uhere i t b laus c o n s t a n t l y . Thus, ia lphakram means a 

p lace a f cant inuaus u ind. ' The name a f the s a n c t u a r y , 5alphak-> 

ram i s der ived fram the Salphakram h i l l range s i t u a t e d a t 

the c e n t r a l p a r t mf the sanctuary* I t i s a papular b e l i e f 

ameng the l a c a l Gara peeple t h a t a t the " n i t t e Ada la t" 

( C a u r t a f Ghast) t h e r e , the human seuls accaunt f o r the 

deeds and misdeeds e f t h e i r l i f e - t i m e . 

GEOLOGY : 

Singh ( 1 9 6 8 ) has descr ibed t h a t rOeghalaya plafceau 

(and 80 a l s a Balphakram) has a chequered g e o l o g i c a l h i s t o r y 



•80TJJO ^eag uiej>|BMdxBg jeau a5BXTTA DufJTs 



of emer§enGe, sub-emorfence and psneplantatlon u l th several 

phases of erosion, sedimentatlen, rflastreplsm, intrusion^ 

mevement of land and sea and emmissisns. I t i s a fragment 

of the super Continent of Gendeuana and contains the marks 

0f ^eneplantatisn ranging fram pre-Carabrian, sub-Recent 

and Recent periods. I t uas submerfed p a r t i a l l y by the 

encreaehincs sea during the POesazoic and Ter t iary times and 

sas u p l i f t e d s lauly frsm sea bed a t the time uhen the 

Himalayas rase frem the f lasr of the Tethis,' This organic 

movement uas ss slau and free from buching that the 

sedimentary beds retained the i r h e r i z e n t a l character and 

§ave r i s e to s t r u c t u r a l platforms uhich can c l e a r l y be seen 

in Cherrapunji area (Chatter j l , 19S8), Similar platforms 

are also seen i n the Balphakram range ui th many marine foss i l s , 

SOIL : 

The s e l l of the Garo H i l l s is quite heavy clay 

containing about ^©% organic matter u i th high nitrogen content 

as described by Zimba (1977) , The s o i l of ialphakram sanctuary 

varies from sandy loam in ialphakram range to clay loam i n 

Moheshkhola range u i th lime-stone i n many pockets. The s o i l 

pH i n ialphakram range uas 6,3 and in noheshkhsla range ". ; 

uas 5,8 i n 3uly, 198@;' confirming high ac id i ty i n the regionV 

INHABITANTS : 

There uere 120 Garo famil ies i n 11 d i f f e r e n t 

v i l lages uith a t o t a l population of about 600 individuals 

u i t h i n the sanotuary as per 1979 census (F^^^reM) . They 



Figure 2.2 : Young uild Elephants caught from Garo Hills, 

r~^ u- .̂ Jfci&i-
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p r a c t i c e Ohum or S h i f t i n g (S lash and Burn) c u l t i v a t i o n 

and grou paddy, maize, c u c u r b i t s , potatoes, ' c h i l l i e s , pine 

app les , orange e t c . Every fam i l y c l ea rs about 2 hectares 

of h i l l s lopes every year fo r s h i f t i n g c u l t i v a t i o n u i t h 

cyc les o f 5 t o 15 yea rs . S h i f t i n g c u l t i v a t i o n causes 

s o i l e ros ion , savannah fo rmat ion and decreases o f vege ta t i on 

cover requ i red fo r u i l d - l i f e i n the sanctuary . The other 

sources of l i v e l y h o o d of the people are c o l l e c t i o n of 

b room-s t i ck , c a n e - s t i c k , bambooes and Agar uood as cash-

crops from the f o r e s t . ' 

UILO-LIFE : 

Balphakram Nat iona l U i l d - l i f e Sanctuary i s 

one o f the l a s t r e s o r t s f o r u i l d - l i v e s i n the N o r t h -

Eastern p a r t of I n d i a . I t i s famous f o r h igh elephant 

concen t ra t i on of about 900 i n d i v i d u a l s out of a t o t a l 

of about 2500 w i l d elephants ( F i g u r e •2..2) repor ted to 

e x i s t i n Meghalaya (Gogol and Chaudhury, 1981). Other 

mammals are Royal Bengal T ige r , Clouded Leopard, Red 

Panda, Goldert Cat, Gaur, Barking Deer, Suamp Deer, U i l d 

B u f f a l o , U i l d Cat, B in tu rung , C i ve t , Hoolock, nacaque,' 

Slou L o r r i s , F l y ing S q u i r r e l e t c . Among b i rds are Horn 

B i l l , U i l d Hen, P a r r o t , Oove, Parakeet , N ight Dar,' Oul,^ 

Drongo, n i n l v e t and Black Breasted Robin are common',' 

Among r e p t i l e s Moni tor L i z a r d , Gecko, Cobra,Calotes e t c . 

are common." 

VEGETATION : 

The f o r e s t s i n the sanctuary are d i ve rse 

and r i c h I n f l o r l s t i c compost^tions oulng t o congen ia l 



Figure 23: Typical climax vegetation in Balphakram 

Hill Range* 
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ocelsgical c@nditi©nsK'-Fl-gu^^ 23)H TTi* vegetation can be 

classified as : 

( 1 ) TROPICAL EVERGREEN FORESTS : 

These a r e dense f e r o s t s a t the l e u e r p a r t ©f 

the h i l l s . The prominent t r e e s e f these f o r e s t s a r e 

Catanapsis t r u l i u l e i d s , D i l l e n i a ine l ica , fipora'sa raxbuVqh'i i , 

He lar rhena a n t i d y s e n t r i o a , Quarcus s p p , , T e r m i n a l i a spp.« 

A q u i l l a r i a spp, and o t h e r s , 

( 2 ) TROPICAL nOIST DEClOtiOfiS FORESTS : 

T r o p i e a l moist declduoiis f e r e s t s Gover the 

whole area e f the sanctuary . I n such f e r e s t s mast cemmon 

t r e e s a re Kydia dalyoina' , Elescarpus f I a r î  ri f t ' o'ê m la* , 

Laoerstroetnla pa'rvi f l^era, Albi'iglJa l̂ aia'̂ eck among others,^ 

( 3 ) BAMBOO FORESTS AND OTHER SECONDARY VEGETATIONS : 

Sueh f o r e s t s a r e f@und i n Jhoin f a l l o u s u i t h 

many seesndary v e f e t a t i e n s , suoh a s , " Qe'ndreWi'amys^ 

h a m i l t c n i i , 0 , s i k i m e n s i s , Bambusa tuIda", gauhi*ri!i^a purpuria ' , 

Ca H i car pa' a r b e r e a . Haoa'ranqa' i 'ndica, Wikanea' mal'abari'c^a, 

Eupatcrium' ederatum among e t h e r s , 

( 4 ) SAVANNAH AND GRASS LANDS ; 

Suoh pockets a re mainly found i n the e leva ted 

p l a t e a u u i t h t h i n s o i l ' cover, uhich a l s o represents a p a r t 

of c l imax v e g e t a t i o n , prominent ly u i t h Pte'ros^permum' 

l anceae fo l iu in , Vernonia v e l k m e r i f a l i a . Phyl lanthus ' embllJG'a'. 

Curcuma s p p , , A r u n d i n e l l a benqa lens is , Panleum sp,', Sae'charum 

spp, among e thers (Kumar, 1 9 8 4 ) , 



Pig . 2«4 : Stiady s i t e ©t L igh t - t rap the Balphakism 
Beat Office, 
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CLiriATE : 

The sanctuary has uarm S u b - t r o p i c a l monsoon 

r a i n f e d c l i m a t e . I n summer a maximum temperature o f 31 C 

i s recorded dur ing the month o f nay. I n w i n t e r minimum 

temperature of 14 C i s recorded dur ing the month of 

December, The annual r a i n f a l l recorded are 498 cm, 512 cm 

and 602 cm dur ing 1979 - 8 0 , 1980 - 81 and 1981 - 82, 

r e s p e c t i v e l y . 

ROAD COnnUNI CATION : 

One can reach the Sanctuary from Sh l l l ong by 

a jeepable 225 km road v ia Mauchinram along Indo-Bangla-

desh border . The motorable road from Tura t o Balphakram 

i s about 160 km v i a Baghmara, 

AREA OF SURVEY AND EXPERinEMTS t . 

The survey o f i n s e c t fauna uas c a r r i e d out 

mostly around Balphakram Beat O f f i c e and I n d i f f e r e n t 

pockets o f the e n t i r e sanctuary area. The L i g h t - t r a p 

experiments uere conducted a t the varanda of the 

Balphakram Beat O f f i c e b u i l d i n g (Figure2»'^),' B io logy 

and l i f e - t a b l e of the i n s e c t pests uere s t u d i e d i n 

an area of about 20 sq , km near Balphakram Beat O f f i c e , 

Rearing and development of the tuo major i n s e c t pests,^ 

Cyclosi'a pa'nthona' Cram, and Diaphania' ra'ti 'cds'ta'l i 's' Guene 

and t o x i c o l o g i c a l experiments on them uere conducted i n 

the l abo ra to r y o f Developmental Bio logy a t N,K,H,'U;', 

Shi Hong .̂  



CHAPTER 3 

REVIEU OF LITERATURE 
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REVIEW OF LITERATURE 

SURVEY OF INSECT FAUNA : 

Blandford ( l88 l ) uas one of the flTst Ento­

mologists to publish report on insec t fauna of IndiaV 

in his "Fauna of Br i t i sh India". ' According to him,' 

Lepidoptera comprised of about 10,000 species in IndiaT 

Among ea r l i e r uorkers of forest insec t fauna mention 

can be made of Stebbing (1899) uho published a pam­

phle t en t i t l ed "Injurious Insects of Indian Forests" 

in uhich he included about 100 speciesT 

In the Northeastern India among important 

uorkers on insec t fauna in the recent past the names 

of the follouing can be mentioned? Cantlie and Pear­

son (1948) compiled l i s t of b u t t e r f l i e s of Khasi- and 

Daintia H i l l s ; Norman (1952, 1956) uorked on the 

Lepidopteran fauna of Assam. Kapur (1958) reported 

Coleoptera species from nanipuri Recently, Rynth 

(1977) provided a l i s t of 79 species of Lepidoptera 

grouped under 9 families from Garo H i l l s , neghalaya'i' 

LIGHT-TRAP FOR INSECT COLLECTION : 

A number of insects are a t t r ac t ed to l i gh t 

sources. In recent years l i g h t - t r a p has been found to 

be useful in insec t fauna analysis^- Black-light lamp 

has been used to co l lec t insec t s and determine 



the time af t h e i r appearanoe and seassnal abundance (Pfrimmeri>^ 

LukefabP and HeUinflsuerth, 1955; Stanley and Deminick, 1958; 

Apple, 19S2; Gentry, Oickersen and Stanley, 1971 b) , ' Leng 

feurteen years ef study en Uestarn Sean outuerros bath in f i e l d 

earn and dry bean grsuing area uas reported by Ha§en (l97e).'^ 

LIGHir-TRAP ANB POPBLAHON ESTinATION ; 

Hanna ( I9g9) used I ' i^ht- trap te study the aoourronoe 

and perlsd ef a c t i v i t y and seasenal f lue tua t isn ef i n s e o t s j 

Falcan et^ al,»( 1967a, b) prapased the oambinatian af black 

l i g h t - t r a p and f ie£d sampling as an e f f e c t i v e means far 

detecting the enset af in fes ta t ians and assessing papul'atian 

dynamics af Caleaptera, Lapidaptera, Orthaptera and Hsmlptera 

i n an island by black l i g h t - t r a p an wheat and maize i n 

Pakistan.^ 

I t is d i f f i c u l t ta ascertain the percentage af 

insect fauna caught in l i g h t - t r a p in camparisan ta the 

t a t a l papulatian in a system. Same uarkers such as King and 

Hind (19S0) , Falcan ^4 a'l'.( 1967a, b) amang athers attempted 

ta estimate the f i e l d papulatian u i th the help af l i g h t - t r a p 

catch* Sse sf paints, dyas ar radia act ive markers an catch 

insects, release and recapture af these marked insects have 

been repeated fa r papulatian estl^matian (Henneberry, Hauland 

and Ual-fy 1967)• The percentage sf recapture af marked insects 

by l i g h t - t r a p suggest the prabable percentage mf these i n the 

f i e l d papulatian (Alma, 1973).i Yates (1973) used Hght^'trap 

fa r invest igat ing the geagraphical d i s t r i b u t i a n af insects that 

attack pine seeds and canes. I n addi t ian ta knauing their 

a c t i v i t y periad and r e l a t i v e abundance.' 



INFLBENCE OF ENVIRONMENTAL FACTORS IN LIGHT-TRAP : 

L ight - t rap catches are Influenced by differed 

enuiranmental fac tars , such as, time (Graham, GHok and 

Nert in , 19S4), tam^eraturs (Sutherland, 19SS), temperature 

and r a i n f a l l (Kin<), 196fi). Ui l l iams (1961) reverted I'ar^e 

oa l leot ian af Difstera during heavy ra in ar rainy n i f ^ t . I n 

t rap ics , r a i n f a l l uas recarded as the mast impartant faetar 

uhich regulated the s ize af the insect populatian in l i f h t -

trap (Ouen, 1959). Hartstaok, Rid§eay and Cepedfs (1973) 

mentianed abaut the changes i n the environmental fae tars , 

such as uind v e l e c i t y , temperature and i t s e f fec t an insect 

catch in shart ranges af haurs af a night ar sa. Fr i th (1975) 

uas af the apinien that r a i n f a l l •̂ ^ '̂ ar a marked iherease i n 

p rec ip i t a t i en increased the Lepidaptera catch.' Sroersma, 

Oarrett and S i l l i n g (1976) reparted that i n a f i e l d candit ien 

the influence af environmental factars can nat be easi ly 

ise la ted because af camplex interact ions amang variaus environ­

mental var iables. ' Reddy (198S) alsa faund that r a i n f a l l and 

uarm temperature had a posi t ive e f fect i n l i g h t - t r a p insect 

c s l l e d t i e n . 

LIGHT-TRAP IN INDIA : 

L ight - t rap i s used as an impartant t a a l ta study 

the insect papulatian dynamics and s u f f i c i e n t progress have 

been made i n the subject. Hauever, i n Indian candit ien such 

experiments are l im i ted . Amang athers, § a n e r j | and Sasu (1951) 

used Ui l l iam*s l i g h t - t r a p at Oiinsura, Uest Bengal, to determine 

the ef fect af weather an the actavAty af insects, ' lllsman (l9S4a,bJf 

(0^}«^^ 



195S) did faun ls t ic study with the help ef l i g h t - t r a p catch 

in Bangalere.' Kundu, Dasgupta and Rastegi (15S7) and Kundu 

and Gupta (1971 ) used l i f h t - t r a p te examine the seasenal 

abundance ef Hemiptera i n P i l a n i , Rajasthan. Shull ( l9S7) 

used l i g h t - t r a p te examine the seasenal abundance ef Hemiptera 

at Surat, Gujrat. ' Naik and Kundu (1977) studied the a c t i v i t y 

• f 6 species ef Ortheptera ef semi-arid region ef Rajasthan 

in r e l a t i o n to weather conditlens, ' In Nertheast hiTl ' rogien 

Reddy ( 1 9 8 Q ) appears ta be the f i r s t uerker te use l i g h t - t r a p 

te study the pine cone In fes t ing insect pests a t t racted to 

l i g h t - t r a p in Riatkhuan fores t , ShiHong'^' He analysed the 

species composition of d i f f e r e n t consumer insect pests 

at t racted to l i g h t - t r a p uhioh are detr imental to pine forest 

i n tue years annual cycle te determine i f these insects could 

be csntra l led by the use of su i tab le l i g h t - t r a p . 

ilOLOGY OF FOREST INSECT PESTS : 

Invest igat ions on forest insects have been 

conducted mueh more extensively in North American Continent 

than in any part of the usr ld . These studies deal mainly 

u i th the i r b ie legy, outbreaks and population dynamics in 

r e l a t i o n to environmental factors . Among early contributars 

mention can be made of Hopkins (1909) uho studied the biology 

ef Scelyt id beetles in North American forests , Nishigaya 

(191@) invest igated the population dynamics of LyWan'tViy 

mathura" c a t e r p i l l a r s in 3apan^' Suaine, Craighead and Baily 

(1924) studied biology of Spruce bud-worm, Coc'pe'ciW 

fumiferana in Canadian forests. ' Graham (1937) worked on 

d e f e l i a t i o n of forest trees by the walking s t ick insects. 
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Detai led ecslogical Invest lgat iens en forest 

insects rp seem to have s tar ted i n 194Qs,' Thus, Cfark 

(1947) made deta i led eoelsgioal study of Austral ian 

Plaque locust. Chartai'ceta's termini'fe'rW Ualk," and 

investigated i t s outbreak i n Neu South L/ales. Hopfsing 

and Seal l (1§48) uerked @n the re lat ionship of Lsdgepele 

diameter te the incidence of attack by bark beet le , 

Dendrootonus monticolae. 

During 19§0s, i n addi t ion te the invest igat ions 

on out-breaks of forest insect pests and extent of damage, 

control measures uere alse invest igated, such as contro l 

of insect pests in pine uoods (Tinbergen, 19S0), resistance 

of Oak te d e f o l i a t i o n by Tor t r ix vir idana (Sa tcho l l , 1962) 

and factors a f fec t ing reproduction and morta l i ty of natural 

population of Pine looper, S'upalus' pini^afius' L. (Klomp and 

Grays, 1965), Furniss and Barr ( l 9 6 7 ) invest igated i n d e t a i l 

the bionomics of AnacampA'odes c l i v inar ia ' p'ret'anata' Guene on 

the mountain Mahogony, Cerco'carpus Tedifol i t is NuttV i n 

Idaho, They reported that adul t insects emerged from the s o i l 

a f te r dark during early 3une, eggs are l a i d i n clusters 

under bark-scales on the main branches. The larvae of th is 

Insect alse feed en other p lants , such as, Snoui-bush, Choke-

Cherry, B i t te r -cherry and Ceanothus,' Pupation occurs in August 

and during subsequent period they undergo diapause,' High 

temperature breaks the i r diapause by la te f a l l . ' They also 

studied paras i t i c infect ions of these insects . Similar inves­

t igat ions have been conducted on many other insects'^! such as. 
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Eastern Pino sh«0t b « r e r , Eucassma' g'lWr'i^eafa' He in r ioh s f 

Plrajs' banksiana Lamb (U«ng and CapboH, 1967) , ' davolopmental 

b io logy of 5 species a f Lyetus' Caleaptera (ReseJ.', 1969) 

amang a t h e r s . 

I n c r e a s i n g a t t e n t i a n have been pa id t a va r iaus 

aspiects afl b i e r e § y , sealagy and o a n t r a l mf f a r e s t insec t 

pests fram eGenamio e t a n d p a i n t during tHe 197Qs. n i l l e r 

( 1 S 7 Q ) s tud ied i n d e t a i l the damage a f the Spruce, P'jfcWa' 

enqel'mannii' and the F i r , Abies lasJacarpa; (Heck) Nutt» i n 

Narthuest Celsrade f s r e s t s caused by the b e e t l e s * 

Masan and Thappisan ( 1 9 7 1 ) i n v e s t i g a t e d an the 

l a r v a e 9f the 0 o u g l a s - f i r Tussack math, H'emeVaoampa' 

pseudatsueia Ho 0unnaugh a t t a c k i n g Uh i te F i r , Abides' ca'ric'a'lW' 

i n Narth C a l i f a r n i a . They faund t h a t c a t e r p i l l a r s feed mare 

an nou f a l i a g o and ©Id needles uere almast t s t a l l y unaocept -

ab le t a the e a r l y i n s t a r s but uere eaten by l a t e ins t a r s i ' 

Masen and Thappsan ( 1 9 7 1 ) racarded t h a t eutbreak s f Dauglas 

F i r Tussack math, H., p'seudat's'u'q'a' ca l l apsed due t a v i r u s 

d iseases . 

Uatsan and 3ahnsan (1972 ) i n v e s t i g a t e d an 

development, f ecund i ty and l a n g e v i t y a f the Catton l e a f 

p u r f a r a t a r , Buccul^at'rix^ thU'rberi'el^lW 'Busk, i n Ari^zena and 

repor ted t h a t uhen eggs hatch the smal l l a r v a e enter the 

leaf and pass the f i r s t t h r e e I n s t a r s as l e a f miners . The 

I'arvae than emerge fram the mine and fead f r e e l y during 

the 4th i n s t a r a f t e r which a uob i s farmed and the l a rvae 

farm the sa c a l l e d harse-shae stage uhere they mault t a the 
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5th ina t a r , Tho larvae emerge fr«m the ueb and feed freshly 

on the surface ef the leaf and i f larvae accur in lar§e 

numbers the uhsls leaves are skele tonised. The pupal caceen 

i s formed on a roughened surface and subsei^uehtly the 

adult emerges from the small cocoon* 

Uickman, dasan and Thompson (1973) invest igated 

outbreak of Douglas Fir Tussock moth Orqyi'a pseu'do'tsuq'at'a' 

in Califsrnia and reported tha t outlireaks appear to develop 

almost explosively and af te r a year or tu0 they usually 

subside abruptly* Some outbreaks have pers i s ted at lou level 

for as long as four years* During a severe outbreak the 

c a t e r p i l l a r s are found crawling over rocks, t r e e s , branches, 

ground and animals. But once outbreak subsides i t i s usually 

d i f f i cu l t to find even one c a t e r p i l l a r . They reported tha t 

defol ia t ion f r ea t ly re tards the growth, k i l l s and top k i l l s 

many t rees and a lso weakens many others tha t they are top 

or a l l - k i l l e d by other i n s e c t s , 

Ives (1976) worked an biology and population 

dynamics of Larch sawfly, P'ristipho'r'a eri'chsorii^i^ (Hartwi§) 

in Southern Manitoba. He reported tha t parthenagenetlc females 

deposit t he i r eggs in the current shoots during ZJune - July 

causing severe damage to the succulent t i s s u e s . Growth i s 

inhibi ted on the damaged s ide of the alhaot resu l t ing curl ing 

of the shaat . The eggs hatch in 7 - 10 days and the larvae 

feed an the needles. After a l imited amount af feeding the 

larvae mave to the basal fa lse wherl af the needles u n t i l 
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they rn«ult ta the 2nd inatar. Larvae feed gregarieusly 

although 5th instar larvae tend ts uander and many feed 

in small greup er singly*' specially when defeliatien is 

severe',; After aheut 3 ueeks ef larval life it dreps frem 

the tree and spin leathery ceceon in the mess ef duff. 

Pupatlen eccurs the fellauing spring and adult emerge 

in 7 - 1 0 days later. A small percentage ef the larvae 

may remain in prelonged diapause and da net emerge 

until' the falleuing ar sutisequent years,' Several martality 

factars affect survival af the variaus stages, such as, 

predatary insects and birds, severe starms uhich may 

disladge the larvae and larval stage parasites. 

Schultz and Allen (1975) described larval 

stages and uarked an bialagy af ChBtry ScaM'ap Shell math,' 

Hydria prunivarata (Fergusan) in Neu Yark,^ It is a calenial 

feeder an black Oierry, Prunes sca't'iWria'' Ehrh.' Pupae aver-

uinter in the litter and adult emergence accurs fram 

nay thraugh September. Eggs are laid in the faliage in 

a pyramid shaped masses 23 - 2& days after adult emergence'. 

Eggs begin ta hatch 4 days fallauing avipasltian and 

each af the four larval stages lasts 4 - 6 days, uith 

ano generatian per year. The egg-parasite, 'Ftfl-a'ne''mli'3' sp, 

is the principal martality factar accurring in populatians 

that have remained at autbraak levels far tus ©r mere years', 

Kiziraglu (197S) uarked an bialagy, ecalegy 

and cantrol af Gracilaria syringella (F,) in Ashtru, Savaria. 

He faund that in all developmental stages the temperature 

proved ta be the main ecalagioal osntralling factar.' The 
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weight of male pupae coming from la rvae fed u i t h 

Fr'axinusl uere markedly smal ler than those descen­

ded from la rvae fed u i t h sVrrn'q'a' or L î'qbs'tVu'm ;̂' 

Young Ash t rees uere r e l a t i v e l y more a t tacked 

than o lder ones. He repor ted t h a t i n 1973 the 

tuo generat ions of t h i s i nsec t showed a decrease 

o f egg dens i ty caused by mainly d ry ing up," The 

r e d u c t i o n of the l a r v a l dens i ty of the 1s t gene­

r a t i o n uas caused by a b i o t i c f a c t o r s , pa ras i t es 

and predators as about equal shares, whereas the 

dens i t y of the 2nd genera t ion uas d imin ished mainly 

by p reda to rs , p a r t i c u l a r l y , F o r f i c u l a a'u'r'j'cij'l'a'r'i-i',' 

The a t tack of the la rvae cause a loss o f the Ash 

uood and o f t en resul^ i i n the death o f the young 

t r ees , ' 

Ua len t ine and Ta le r i co (1980) 

uorked on the Gypsy moth, LV'frJa'nt'r'iW dis^p'a'r l a r v a l 

growth and consumption on Red Oak,' They found t h a t 

the consumption r a t e o f the f o l i a g e by the l a r vae 

uas 6,68% o f the average l a r v a l dry ue ight degree 

day (Thresho ld = 4 ,4°C) , Average l a r v a l day ue igh t 
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inereasod frem 0.2 mg a t the time sf hatching a f te r 

S4S.7 degree dajrs spanning 43 days. The average 

aooumulative c«nsumptisn ef red Oak fer^liage uas 1116.1m§ 

per larva* Simple (Bialsgieal grsuth funetlans uhioh are 

useful in modelling d e f e l i a t i e n uere develsped ts predict 

average l a r v a l dry ueight greuth and oensumptien<' 

Reoently amsn^ sthers, Kindler and Spamer 

(198S) invest igated en the tsisls^y sf the blue grass 

i i l l bu§, Sphenepherus parvulus (Cslesptera ; Curoulienidae) 

in an Eastern Nebraska Sad f i e l d . They studied far tua 

years the i r l i f e stages, ineubatian periads etc . Adults 

are rapartad ta became ac t ive i n A p r i l , mated, l a i d e§g8 

and died as neu adults appeared in August'o Highest densit ies 

af eggs uere faund i n the greenest and th ickest blue grass 

ava i lab le . Adults uere usual ly faund abave graund i n dense 

areas u i th thick layer uhich apparently af fered shades and 

prateot ian . Overwintering uas accamplished by adults burying 

themselves I n £her;«tap s a i l . An un ident i f i ed l a r v a l Oipteran 

parasite uas repartadly faund inside same adult bugs, peak 

numbers aceurring in l a te 3uly and mid Zlune*' 

s 
LIFE-TA8LE': 

L i f e - t a b l e is oansidered as the canvenlent 

methad far acoaunting i n t e r generatien changes i n insect 

numbers and the marta l i ty faotsrs i n a papulat ian. L i f e -

table provides a systematic reoard af the njrJ^l'^ilng 
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individuals I n eaeh 8ta§e and aeoaOnt f»r the numbers 

dyin§ u i t h i n thase stages. As i t is nat isossible ta 

ident i fy a l l the facters causing insect mar ta l i ty a 

l i f e - t a b l e is a speoulative ane based an the best 

infarmation that can be accumulated (Plasan and Uickman, 

197S), L t f e - t a b l e is a usefu l technique i n the study 

of papulatien dynamics, provides a farmat far recarding 

and acGauntin§ far a l l pepulatian changes in the l i f e 

cycle ef a species in i t s natura l envirenment (Harcaurt, 

1969),^ Harr is and n i l l e r (1954) f i r s t described the 

value ef l i f e - t a b l e far the invest igat ion mf natural 

pepulatian af insects. 

U i t t e r , Kul-man and Hadsan (1972) uarked 

extensively an the l i f e - t a b l e af the farest tent cater ­

p i l l a r , Wa la do s'a'm'a di s'tr i'a' Hubner (Lepidaptera; LasiaCampidae) 

i n Narthern Winesata. They faund that the surv iva l ra te 

during the e§g and the pupal stages d i f f e r e d cansiderably 

i n 1968 and 1969.' The differences in e§g surv iva l are 

repartedly a t t r ibu ted ta f luctuat ions in rates af death 

af f u l l y davelaped 1st stage larvae u i t h i n eggs uhieh 

ranged from 39% i n 1968 ta 3% i n 1969.* Egg paras i t i za t ion 

and i n f e r t i l i t y uere 7 - 1Q^ and 1 - 3%, respect ively , 

shauing na impartant changes from year ta year.' The 

differences i n pupal surv iva l resulted from f luotuatians 

i n rates af pupal p a r a s i t i z a t i e n , mastly by SaVde'p'ĥ â Qy 

a l d r i c h i Parker, fram 74% i n 1968 ta 50^ i n 1969.^ Genera­

t ion mar ta l i ty uas 99,3^ and 97.8% i n 1968 and 1969, 
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respjactively.' Generation survival equations by plats 

for 1968 and 19S9 are also presented.' 

Massn and Uickman (197S) invest igated ©n 

the l i f e - t a b l e of Oauglas Fir Tuss@ck math, O'r'eiyi'â  

psBUdetsugata in the Fir fa res t in Nsrth America, Tbet 

found tha t Tusseck math ©utbreaks in a forest stand 

usually f s l l s u a three year pa t te rn . This i s cha rac t e r i ­

sed by a year ©f "reloaso" when the insec t populatitsn 

increases rapidly t© an outbreak leve l , a year uhen the 

population declines sharply again t® a r e l a t i v e l y Isu 

leve l . They recorded most severe damage to t rees in the 

second year of- the outbeeak and in the th i rd year j u s t 

p r i s r to the collapse of the population. As the phenology 

of the Tussock moth and i t s host t ree i s synchronous, bud 

brust has been increasingly used as a f ie ld indicator 

of the egg hatch.' 

Houseueart and Kulman 01976) constructed 

the l i f e - t a b l e s of the yellauheaded Spruce Saufly, P'ik'I'riemV 

alaskerisi's' (Rohuer) for use in se lec t ing appropriate 

l i f e stages far re lease af b io logica l control agents . 

They recorded ^hat overwintering predation by insects 

and mammals k i l l e d 66,'43^ ®f the Saufly cocoons in the 

s o i l . Seven species of small mammals uere present in 

the Spruce p lanta t ion hab i ta t and the predominant species 

i s replaced from Plicrotus' ta Serex and Blari^n'a af ter the 

larvae drop from the t r e e s . Parasit ism of the l a t e i n s t a r s 
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ran§ed fr«m 1,'49^ t » 19o'54^.' Me egg p a r a s i t e omil'd be 

recerded. L i f e - t a b l e s f o r the 1975 gene ra t i on uere 

g iven u i t h a d i scuss ion mf d i f f e r e n t s u r v i v a l ra tes 

acosrd ing t e the l e v e l i n the t r e e * The egg and the 

ea r l y l a r v a l stages were the most app rop r i a t e pe in ts 

i n the l i f e cyc le f o r the re lease ef the b i s l e g i c a l 

c e n t r e l agents , 

nas«n (1976) i n v e s t i g a t e d en the l i f e - ' 

t ab l e f a r a d e c l i n i n g p o p u l a t i o n o f Douglas F i r Tussock 

moth, Orqyia' pseudetsuqata i n North Oregon.' He found 

t h a t the dens i t y of the l a r vae uas e x t r a o r d i n a r i l y h igh 

a t the beg inn ing of feed ing i n Dune, 1973,' Therea f te r , 

popu la t i on eit^^er dec l ined sharp ly or co l l apsed en a l l 

o f the plifets s t u d i e d . I^easureable l a r v a l popu la t ions of 

the subsequent generat ions were found only on s i x p l o t s 

i n Dune, 1974 » uhich had v i r t u a l l y disappeared by mid­

summer. Rate af dec l i ne was v a r i a b l e under d i f f e r e n t 

cond i t i ons bu t appeared to be p r e d i c t a b l e from the l e v e l 

of past d e f o l i a t i o n , " The d e c l i n e r a t e uas f a s t e r on 

heav i l y or moderately d e f o l i a t e d p l o t s than an l i g h t l y 

or p rev i ous l y u n d e f o l i a t e d p l o t s . Popu la t i on co l lapse 

uas the r e s u l t o f a m u l t i t u d e of n a t u r a l f a c t o r s opera t ing 

i n compensating uays aga ins t the h igh dens i t y outbreak. 

I t uas c h a r a c t e r i e d by an inc rease i n the .1 ' ^e f fec t o f 

numerous m o r t a l i t y f ac to rs i n c l u d i n g v i r u s d i s e a s e , i n s e c t 

p a r a s i t e s , p reda to rs , s t a r v a t i o n and l a r v a l d i s p e r s i o n , 

changes id~',pspulatien q u a l i t y and s t r u c t u r e r e s u l t i n g i n 
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lower fecundity, egg qual i ty and changes in sex 

ratiOo The l a rges t proportion of mortali ty occurred 

early in the l a rva l cycle and uas probably due 

to losses from na tura l dispersion and predat ion. 

Inves t igat ion on forest Insects 

in Indian Sub-Continent are sporadic. Among the 

ea r l i e r workers name of Stebbing (1907) can be 

mentioned uho reported insect pests of Sal, 5 l̂oVey 

robust a' in Assam along with t he i r predators and 

parasi tes ' . Gardner (l938) studied the immature 

stages of Lymantridae insects of forests in IndiaT 

Roonual (1953, 1954, 1957, 1979) did extensive 

works on Indian fores t i n sec t s , spec i a l ly , t he Sal 

defo l ia tor , Uyroantri'a' niatWuVar Moore '•' He described 

t h e i r egg-masses, population eruption, seasonal 

l i f e h is tory , nocturnal feeding a c t i v i t y etc? in 

the Sub-Hiroalayan forest regions, 

Zethner (1973) invest igated exten­

s ively on forest insec t problem of Bangladesh and 

Pakistan and suggested protect ion measures agains t 

them. He found tha t the most important Insect pes ts in 
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f s r o s t r y s f the I nd ian Sub-Cent inent are faund «n logs 

and ether f e l l e d m a t e r i a l s , p l a n t a t i o n s and nu rse r i es . 

Fe l led ueods are repor ted t a be destroyed by te rm i tes 

and uosd b e r i n g beet les ( P l a t i p o d i d a e and ^ a t r i c f i i d a e ) . 

n i s r a (1970) has i n v e s t i g a t e d an the b i a -

namics af the barer , Al lar i thus ' efx'celsa i n S i u a l i k f a r e s t 

d i v i s i a n . He reper ted i t s anather hast p l a n t as A'dacj'a' 

qaqeana * 

Singh and Rauat ( 1 9 S Q ) s tud ied b i a l egy , h o s t -

p l a n t s , seasonal a c t i v i t y and l a b s r a t o r y t e s t i n g an 

chemical c e n t r a l a f P e r i c a l l i W r'i'c^in'i' (Lep idap te ra s 

A rc t i dae) a t Dabalpur, I n l aba ra to r y they feund t h a t 

females lay 3S0 - 1004 eggs (mean 641 ) i n c l u s t e r s an 

the unders ide o f the leaves . The i n c u b a t i o n , l a r v a l , p r e -

pupal and pupal psr iads l a s t e d f o r 3i25j|-0'.71, 27,'66 _4| 

4 , 2 1 , 3iO0 J 0.65 and 12;40 4 2.06 days, r e s p e c t i v e l y . ' 

The pest uas a c t i v e from 0une-3u l t t e December and entered 

pupal diapause i n 4th genera t ion f o r about seven monthsv 

The diapause broke i n 3une - 3uly of the next year a f t e r 

the onset of monsoon. 

Khan and M a i t i (19S3) s t ud i ed on the b i o -

taxonomy, b i o l ogy and ecology s f seme Longicorn bee t le r 

borers (Coleoptera : Cerambicidae) o f Andaman i s land . * 

Sen Sarma and Thakur (1986) have recen t l y 

publ ished", a d e t a i l e d l i s t o f i n s e c t pests s f the 
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0iptaracarf9ac8aa t roos and t h e i r management. In t h e i r 

l i s t af i n s e c t p e s t s , amang Cerambicid b e e t l e s uhlch 

cause g r e a t e s t econsmle damage to the l i v i n g t r e e s af 

Oipteracarpaoeae are Satacer 'a rufemaeula ta , Cel 'asterna 

s e a b r a t a r and Hsplecerambyx spini'corn'i's',' Amang Curculiani 'd 

b e e t l e l a r v a e Alcidades' c r a s s u s , Nene'iah'es' d Tp t era carp i' 

and Si taphi ' lus ' ru'Qi'c'al;ri^3^ uhlch feed sn seeds and f r u i t s 

af DipterBcarpu's spp. and render them nan-v iab le . ' Amang 

Lepidaptera , c a t e r p i l l a r s a r e B'fa'stJobas'iW sp , , L'/'onyiji^ca' 

erat'epa and Pammene t h e r i s t i W uhich feed en f r u i t s and 

seeds af Sharea reVu's'tW as u o l l as i t s s e e d l i n g s and 

young s h e e t s i n a l l Sal g rau ing a r e a s , ' Amang Or thop te ra , 

nymphs and a d u l t s af Pier tag eriuy spp, and o'x yiW vje'lVx' 

uhich feed @n f a l l i a g e and s e e d l i n g s of Shar'ea r^e'b'ust̂ a 

as minar p o s t s , ' 

RELATIVE TOXICITY OF INSECTICIDES : 

Varieus i n s e c t i c i d e s have been used far i n s e c t 

c e n t r a l far thausands af y e a r s , Ss far as the s y n t h e t i c 

i n s e c t i c i d e s a re eoneorned t h e d i scavery ef DDT by Paul 

n u l l e r i n 1939 r e v a l u t l a n i s e d i n s e c t c e n t r a l and marked 

the beginning af the develepment and a p p l l c a t i a n of 

msdern s y n t h e t i c a rgan ic i n s a c t i c l d e s i Hundreds af 

i n s e c t i c i d e s have s i n c e then been s y n t h e s i s e d ar d i s -

cavered and neu t e x i c a n t s a r e t e s t e d year a f t e r year,"* 

I n s a c t i c i d e s a r e c l a s s i f i e d in d i f f e r e n t uays, ' 

Fram the o r i g i n po in t of v i eu , they a r e c l a s s i f i e d a s 

Organic, I n a r g a n i e and S y n t h e t i c i n s e c t i c i d e s , Accarding 
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to the mads af ae t ion, they are named as Stomach Poison,^ 

Centaet Poissn,Fumigant3 e t c . Based an the affect on 

different s tages af the t a rge t or§anisms, they are ca te -

garlsed as 8v/icide» •?.•:.katvi!85|?ele and AAiI'tlciide (Ramaser,' 

1973).' 

THau§h there a re sevaral ' methads mf insect 

pest cen t r a l , such a s , mechanical, c u l t u r a l , bialegi 'eal , 

pheramanal and Integrated, InseGticidas a re used as a 

convenient toa l to cen t ra l them. A number af insec t ic ides 

are ava i lab le in the market. I t i s hauever necessary te 

have a comparative idea of the i r t o x i c i t y ' a n the t a rge t 

arganisms,' Inves t lga t ians an r e l a t i v e tox ic i ty ©f i n s e c t i ­

cides have been conducted fram the time they uere made 

avai lable far use;^ Ue s h a l l review here works af recent 

cantrifeutians in th i s cantaxt,^ 

In the l a s t decade, amang e the rs , Ser^hi'su 

(1971) made a very exhaustive inves t iga t ion an the r e l a t i v e 

tox ic i ty of 12 insec t ic ides an S'gedop't^ery ];i't'te"r'a-lis' larvae 

in lalBoratary and in f ie ld an Leucerno. Siaassay in uhieh 

a l l the f ie ld tes ted insec t i c ides uore included uas per-

farmed in the labaratery to determine t h e i r effectiveness 

against 3rd and 5th i n a t a r s , Mare than 9Q?5 mortali ty af 

bath the i n s t a r s uas abtainod with Cyolane 25EC, Field 

martal i ty af the mixed i n s t a r s papulation uas abtainod 

with Nanocratophas SEIEC a t 1,47 kg, Cyolane 25E:C at 0,78 k§, 

1.49 k§ and l . ' l l kg and Gardano 75^UP a t 1,4S kg per hec tar , 

nenocrataphas 40EC at 1.11 kg gave 88,5^ cantral," 
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Schwartz _8^, a ' l ' ,( l97l) tested 5 o»ntaot 

insee t io ides an Cal'lfernia Oak-u»rm, PyryVani'^'i^a' 

caiiferni^ea Pachuard , in 3rd and 4th Ina ta r s and faund 

the decreasing erdar a t LDsg j Pyrathrin, Zsotran, DQT, 

Carbaryl and l^alathien. At LDgĝ  the decreasing erder 

became Pyrathri^n, Zectran, DOT, PTalathlen aM CarbarylV' 

A Isu s lepe ef the re§r®8si'on curve Per Carbaryl suggests 

tha t small fains in mortal i ty ueuld be achieved a t the 

expense af lar§e increments ef desa§e.^ Pyrathr in , Zectlran 

and rOalathien uere feund t e be l ike ly candidate far 

f ie ld t e s t i n g . 

Rabertsan (1972) invest igated the tox ic i ty 

af Zectran aerasa l t a the 5th ins t a r Oak-uarm, PhryVa^ni^fa^ 

c'al'i^arnica , i t s primary pa ras i t e , I'tep'reV^fs* 

behrenskli (Cressan) and the hyper-»parasite» O'ibr'aWecN ŝ̂  

cavus (Ualk . ) , The descending arder mf to lerance ef LD-^ 

uas : 5th, 4th, 3rd, 2nd, 1s t i a s t a r af Oak-uerms, 

pa r a s i t e s , hyparparas i tes , 

Dsane and Dunber (1973) canductod experiments 

an tua fores t pes ts , the Gypsy math, Porth'etriW di's'p'af' ( L ) 

and the Elm span-uorm, Ennemes subsii^harius' (Hubnor) and 

faund tha t mist blauer appl ica t ion af Acephata, Chlardl-

meferm, Laptephas, Phosalene and Semlvol gave excellent 

foliage p r s t ec t i en , except Chlordimefarm, uhich uas nat 

very toxic to e i ther spec ies . In laboratsry , both the 

species uere repel led equally ue l l by folibage treated 

uith Chlordimeform* 
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Uhitlook (1973) reparted the affects af 11 insoct ic idas 

topica l ly applied against the 3rd ins ta r larvae sf 

H al ia th i s a'rmiqera in Ssuth Africa,' neth«myl uas reported 

t® be the most effect ive uhi le Carfear/l proved mast 

disappaint ing. The dalayod a c t i s n of naneoratophas i l l u s ­

t ra ted and campared with Parathian which i s a fast 

acting i n s e c t i c i d e . 

Ragenavich and Caster (1974) evaluated 

Carbamate and Phasphate insec t ic ides agains t the Sauthern 

Pino bee t le , Dendractonus' f rantaJis ' and the Bark beet le , 

Ips qra 'ndical l is and P. caJlicira'phWs uith Lindane as a 

reference. Lindane s ign i f i can t ly reduced the established 

Sauthern Pine beet le breads. Phesmate caused high marta l i ty 

af adult beet les u i th in 24 h r s , a f te r emergence fram 

t reated Pines , Prepoxur and Carbaryl uere effect ive in 

preventing 2,- qrandis' and ^ . cariigraphuW at tack in 

Lablally Pine lags . 

Ciesla (197?) t es ted the effect af Savin 

(Carbaryl) , Oylex (Tr iehlarofsn) , Ortheno (Aeephata) 

and Oimilin (TH604Q) an Douglas Fir Tussack math, Ore|Vfa' 

paeudatsuqata. He found tha t appraximately 100^ la rva l 

mortali ty eccurred af te r 4 days uith Sevin, Orthane and 

Pyreci te and a f t e r 14 days uith Dimilin. 

Oabarr and Ward (1978) tes ted a large number 

©f contact insec t i c ides to the 2nd stage nymphs of 

Laptoqlessus cerculus', the loaf footed Pine seed bug, by 

topica l app l ica t ion . Mast of these insec t ic ides had 
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LDj-g values less than 5 Aig/gm af bsdy uaight . Nine 

insec t ic ides : Aldicarb, Aminacarb, Azinaphes-methyl^, 

Carbsfuran, Oicr^tophes, mC 45498, nonecratophas, 

Prspaxur and SO 43775 had LO ĝ values «f less than 

1 jjg/gm of bsdy weight. They feund tha t there uas a 

§®0d agreement betuean the r e l a t i v e t o x i c i t i e s af 

insec t i c ides applied t s p i c a l l y and in laboratory t e s t s , ' 

Reberton and Baelter (1979) determined the 

t sx i c i t y of 14 insec t ic ides t© the l a rva l s tages ©f the 

Oauglas Tir Tussack moth, Orqyia p'seudetsu'eiata in labora-

tary by contact and feeding and concluded tha t the 

degree ©f exposure af the larvae to insec t i c ides s i g n i -
•r 

f icantly affected morta l i ty , he yaunger i n s t a r s uere 

mare suscept ib le te the tox icants . They faund s ign i f i can t 

difference in papulation responses frem 1973 to 1977 as 

u e l l . Spray volume, formulation and presence of Rehadamlne 

B dyo s ign i f i can t ly affected the t a x i c i t e s of Carbaryl 

and Trichlarfon, 

Kay (1979) attempted t® determine the tiilr:-'-

t s lerance leve l of 9 insec t i c ides on CoccinallW l̂BB)aWCTâ  

larvae . They falleuad the top ica l appl ica t ion technique'o' 

Based on 48 h r s , sf LOcn values the ascending order of 

tox ic i ty to the larvae uas Endosulfan, Pir imlcarb, 

Thiometon, Farmathlon, Chlarpyrifas, OermetoBV-S-methyl, 

Dimethaate, Phosphamidon and n©nocr8tophos, T® the adults 

the order uas Endesulfan, Pir imicarb, Thiometon,Farmathion, 
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C h l o r p y r i f o s , Thiometon, Demetor>-S-nethyl, Phospha-

midon, Oimethoate and f lonocrotophos.' The study uas 

conducted as an a i d i n developing pest management 

process fo r TKerUoWph-i^ Cr l ' fd l i^ i i and /ŝ dŷ r't-ĥ ds'lp'HfcJrf 

koridoi^ i n Leucerne as Co'cci'n'e'il^a^ r^p'a'r^da i s an 

impor tan t p redator o f aphids'i ' 

Retnakaran, Smith and Tomkin^ 

(1979) tes ted D i m i l i n fo r the c o n t r o l of f o r e s t 

Tent c a t e r p i l l a r , lyia'Ia'c'o's'dma' di's's't'fi^a' on tuo t r em­

b l i n g Aspen, Pdp'u'l'a's^ t-rWm'e'l'di'de's' stands h e a v i l y 

i n f e s t e d u i t h Tent c a t e r p i l l a r s . The i n s e c t i c i d e ; 

uas app l i ed to 1st and 2nd i n s t a r s and the t rees 

uere i n s t a r t i n g to f l u s h and r e p o r t e d l y achieved 

t o t a l c o n t r o l ; 

Parker , Ka l l ey and Te i lon (1979) 

i n v e s t i g a t e d on the c o n t r o l o f Maple l e a f - c u t t e r , ' 

P-aira'c.feniensi^s ader l fd l ' i l i l a^ by Carbary l i n Vermont,' 

Ui'Si'A;' A l l the t h ree fo rmu la t ions t e s t e d , k i l l e d 

s i g n i f i c a n t numbers of the i n s e c t pest and p ro tec ted 

the naple t r e e , A'de'r' sWcch'a'fu-m^ leaves'? Sevin-4 o i l 

had a l a r g e r r e s i d u a l e f f e c t and caused the h i g h e s t 

percentage of m o r t a l i t y , Sevin and Sevin-SO spray-

ab le r e s u l t e d i n feuer Maple l e a f - c u t t e r i n the 

f o l i a g e . 
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Haverty and Wood (1981) i n v e s t i g a t e d the 

r e s i d u a l t o x i c i t y o f Ca rba ry l , C h l o r p y r i f o s , D iaz inon, 

F e n i t r o t h i o n , Fenualerate, Lindane, Flethyl Pa ra th ion , 

Permathion and Resmethrin on the Mountain Pine cone 

b e e t l e , Conophthorus mont ico lae • A f t e r 24 h r s . o f 

exposure encapsulated Resmethrin and Fenvalerate u/ere 

found to be most t o x i c u i t h LO^Q values to be 325 and 

65 times as t o x i c , r e s p e c t i v e l y , as the l e a s t t o x i c 

f o r m u l a t i o n uas encapsulated F e n i t r o t h i o n * 

Vaughan and Turner (1984) conducted e x p e r i ­

ments u i t h 7 i n s e c t i c i d e s on adu l t s and l a t e i n s t a r s 

of Lesser nealuorms to determine the r e l a t i v e t o x i c i t y 

i n Po lys ty rene pa in ted and unpain ted p lyuood. I n the 

r e s i d u a l a c t i v i t y t e s t , i n s e c t i c i d e performance uas 

a l t e r e d by d i f f e r e n c e i n f o r m u l a t i o n s , su r face type 

and the l i f e stages of the i n s e c t s , Uetable pouder 

fo rmu la t i ons were more e f f e c t i v e on Po lys ty rene than 

uere e m u l s i f i a b l e concen t ra te , 

S tankov ic , Sestov ic and Pe r i c (1985) t es ted 

the t o x i c i t y o f some i n s e c t i c i d e s on Colorado bee t le 

on the basis o f p r o b i t r eg ress ion and the h ighes t 

e f f i c a c y f o r Ch lo r fenv in fos and the lowest f o r Carbary l 

has been e s t a b l i s h e d . On the basis o f potency the 

tes ted compounds were c l a s s i f i e d i n t o tuo groups. 

Lindane, Carba ry l , Dioxacarb and Phosmet comprise the 

f i r s t group and Kelevan and Ch lo r fenv in fos the second 
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group, Carbary l has the l e a s t r e l a t i v e potency i n 

the f i r s t grojip o f i n s e c t i c i d e s . For ach iev ing the 

same e f f e c t , out of the tuo i n s e c t i c i d e s i n t h e the 

second group, a greater q u a n t i t y o f Kelevan than 

Ch lo r fenv in fos i s needed,' 

I n I nd ia the t o x i c o l o g i c a l experiments 

have been conducted mainly on a g r i c u l t u r a l pes t s . As 

descr ibed above, ue s h a l l r e s t r i c t here to the more 

impor tan t c o n t r i b u t i o n s on ly appeared i n the l a s t 

th ree decades. 

Dale e t / a l , ( 1966) i n v e s t i g a t i n g on the 

r e s i d u a l e f f e c t of some i n s e c t i c i d e s found t h a t A l d r i n 

and Heptachlor uere more e f f e c t i v e than DDT, BHC and 

Carbary l on the maggot o f the Melon f l y , Dacus cucu'rb'it'a'e', 

uhich l i v e i n the s o i l , 

S a i n i and Sharma ( l 9 7 0 ) t es ted the r e l a t i v e 

t o x i c i t y of 15 i n s e c t i c i d e s aga ins t the 5th i n s t a r 

la rvae o f Lemon b u t t e r f l y , P a p i l i o demoleus' L. under 

P o t t e r ' s t oue r , f-levinphos, Endr in , P a r a t h i o n , T e l o d r i n , 

B i d r i n , Gamma BHC, A l d r i n and BHC uere found to be 7 ,85, 

68,4 , 3 .55, 2 . 4 1 , 1.60, I'i'SO, 1 ,'40 and 1 ,'20 t imes, 

r e s p e c t i v e l y , as t o x i c as DDT. Ma la th ion , D i a l d r l n , 

Oiaz inon, Phosphamidon and Oimethoate 0,025/S and n a l a t h i o n 

0,05^ uere found to be e f f e c t i v e f o r c o n t r o l o f the pestV 
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S ingh and Pandey ( 1 9 7 2 ) t e s t e d 6 i n s e c t i c i d e s 

f o r c o n t r o l l i n g t h e Mango l e a f c u t t i n g u e e v i l , depo'raius^ 

m a r g i n s t u s P a s c ' and found t h a t DOT, Nuv/acron and Se\ / in 

were most e f f e c t i v e . ' S e v i n had t h e maximum e f f e c t i v e n e s s ; 

T e o t i a and L a i ( 1 9 7 2 ) u o r k e d o u t t h e r e l a t i v e 

t o x i c i t y o f t h e f i l m s o f 10 i n s e c t i c i d e s a g a i n s t t h e 

f u l l g r o u n l a r v a e o f T i l l e a f and pod b o r e r , A'nt^ijc^aViVi'a; 

c g t a ' l a u h a l j y . - They found t h e r e l a t i v e t o x i c i t y i n t h e 

f o l l o w i n g descend ing o r d e r ; M a l a t h i o n , F e n i t r o t h i o n , 

n e v i n p h o s , Oiaz in ibn b e i n g abou t 2V15, 1,'86, l j 7 8 and 

1;S4 t i m e s , r e s p e c t i v e l y , as t o x i c as L i n d a n e , E n d r l n , ' 

C a r b a r y l , Ca rbopheno th ion and D ime thoa te p r o v e d l e s s 

t o x i c and were abou t 0 , 9 5 , 0 . 1 4 and 0 i 0 9 7 t i m e s , r e s ­

p e c t i v e l y , as t o R i c as L i n d a n e / 

S i n g h , Ramzan and S idhu ( 1 9 7 3 ) e v a l u a t e d 

t h e r e l a t i v e t o x i c i t y o f 14 i n s e c t i c i d e s f o r t h e 

c o n t r o l o f t h e C o t t o n l e a f - r o l l e r , S'yl'e'p'ty d'eg'dga.t^a^ 

l a r v a e i n t h e f i e l d . F e n i t r o t h i o n 0.025/S and n o n o c r o t o -

phos 0 . 0 2 5 ^ a l o j j g w i t h C a r b a r y l 0;'1?S, DDT + BHC O ' . l ^ 

each and E n d o s u l f a n 0.05,^ a l s o p r o v e d e f f e c t i v e c a u s i n g 

68 - 85^ m o r t a l i t y . A l l o t h e r t r e a t m e n t s , i . e . , D imethoa te 

0 , 0 2 5 ^ , P l a l a t h i o n 0~;'07^, r i e thy l -O-Oemeton 0."025^, E n d r i n 

0.02?S, rOa la th ion 0.07/S and Phosphamidon 0.'025/S ue re much 

l e s s e f f e c t i v e . ^ 

S ingh and Gupta ( 1 9 7 8 ) e v a l u a t e d t h e r e l a t i v e 

t o x i c i t y o f 20 c o n t a c t i n s e c t i c i d e s i n l a b o r a t o r y by 
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P o t t e r ' s touer aga ins t the Teak s k e l e t o n i z e r , PVrauWta 

machaerall 's ,' They found t h a t the descending order o f 

r e l a t i v e t o x i c i t y t es ted aga ins t the 3rd i n s t a r l a rvae 

were : nonocrotophos, Chlordimeform, Qu ina l fos , An th lo , 

Acephate, Carba ry l , F e n i t r o t h i o n , O ich lo rvos , D i e l d r i n , 

Oimethoate, Cy th ion , Endr in , Gamma BHC, Endosul fan, 

Leptophos, n a l a t h i o n , A l d r i n , Ambi th ion, DDT(UOP), ODT̂ r 

( U P ) . There i d not much d i f f e r e n c e i n the t o x i c i t y o f 

Cyth ion, Endr in , Gamma BHC, Endosul fan, Leptophos, 

Ma la th ion , A l d r i n and Ambi th ion. F e n i t r o t h i o n , O i c h l o r ­

vos, D i e l d r i n and Oimethoate f a l l more or less i n the 

same category o f t o x i c i t y , Acephate and Carbary l proved 

re t o x i c , be ing 15.315 and 8,544, r e s p e c t i v e l y , than 

T(liJP) as u n i t , nonocrotophos, Chlordimeform, Quina l fos 

and Anthio proved to be the most e f f e c t i v e aga ins t 

the pes t , 

Gupta, \JeeT and Sen Sarma (1982) d id 

l abo ra to r y eva lua t i on o f 21 i n s e c t i c i d e s aga ins t the 

3rd ins-tar l a r vae o f Selepa' c 'e l t is j Ploore ( Lepidoptera : 

Noctuidae) under P o t t e r ' s t oue r . I n s e c t i c i d e s uere : 

nonocrotophos 100EC, Chlordimeform 50EC, Quinalphos 55EC, 

Anth io 35EC, Carbary l SOUP, Endosulfan 35EC, Pyrathrum 

20EC, Gamma BHC 20EC, Oich lorvos 50U0P, Toxaphene 80EC, 

Leptophos 34EC, Plalathion 50EC, Klophos 50EC, F e n i t r o ­

t h i o n 50EC, D i e l d r i n 18EC, A l d r i n 30EC, Cyth ion 35EC, 

DDT SOUP, Accoth ion 100EC, Oimethoate 30EC and Endr in 

20EC i n d i f f e r e n t concen t ra t i ons , nonocrotophos. 

file:///JeeT
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Chlordimeform, Quinalphos and Anth io were more t o x i c 

than DOT u h i l e Ambi th ion, Dimethoate and Endr in uere 

less t o x i c than DOT. The r e s t i n s e c t i c i d e s uere i n 

the f o l l o w i n g order of e f f ec t i veness i n descending 

order : Carbary l , Endosulfan, Pyrathrum, Gamma BHC, 

O ich lo rvos , Toxaphene, Leptophos, n a l a t h i o n , K l o f o s , 

F e n i t r o t h i o n , D i e l d r i n , A l d r i n , ' Cyth ion, DDT.' 

Gupta and Meet (1986) d id l a b o r a t o r y 

bioassay o f some i n s e c t i c i d e s as contac t poison aga ins t 

t he 3rd i n s t a r ' l a r vae o f Gly'p'h'dde's' pylo'a'li's' Ualker 

(Lep idoptera : P y r a l i d a e ) • They found the descending 

order o f t o x i c i t y as : Chlordimeform, Formathion, 

n a l a t h i o n (premium grade) , Wethy l -Para th ion , Endosulfan, ' 

n a l a t h i o n , F e n i t r o t h i o n , Leptophos, K lo fos , D i ch lo rvos , 

Endosul fan, DDT, Dimethoate, Pyrathrum, Chlordane, Gamma 

BHC, nonocrotophos, Formathion and Chlordimeform uere 

27 to 30 times more t o x i c than DDT, 
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M A T E R I A L A N D M E T H O D S 
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MATERIAL AND METHODS 

4 .1 : SURVEY OF INSECT FAUNA : 

The l i g h t - t r a p experiments;-was p e r f o r m e d 

a t n i g h t t i m e f o r t h e s u r v e y o f i n s e c t fauna a t t h e 

Ba lphakram F o r e s t Beat O f f i c e , u h i c h i s an Assam t y p e 

b u i l d i n g a t a h i l l - t o p , s u r r o u n d e d by t h i c k dec iduous 

and s e m i - e v e r g r e e n v e g e t a t i o n a t t h e S o u t h e r n p a r t o f 

t h e Balphakram N a t i o n a l U i l d - l i f e Sanc tua ry . ^T'^ -"-- " ' . 

A 24 u a t t b u l b l i g h t e d by a 12 v o l t Ex ide 

B a t t e r y uas s e t 15 cm above t h e f l o o r i n t h e varandgh 

o f t h e Beat O f f i c e . A s e t o f 6 u h i t e ename l led t r a y s 

( s i z e 50X30X5 cm each) u e r e p l a c e d on t h e f l o o r b e l o u 

t h e l i g h t e d b u l b . Each t r a y uas f i l l e d - u p u i t h u a t e r 

t o u h i c h 10 ml o f Teepo l uas a d d e d . The Teepo l a c t e d 

as a good t r a p f o r i n s e c t s f a l l i n g i n t h e u a t e r . 

The expe r imen t uas conduc ted a t m o n t h l y 

i n t e r v a l s i n t h e neu moon n i g h t f rom 17 ,00 h r s , ' i n 

t h e even ing t o 0 5 . 0 0 h r s , i n t h e m o r n i n g . The i n s e c t s 

thus t r a p p e d i n t h e u a t e r ue re c o l l e c t e d a t h o u r l y 

i n t e r v a l s and p r e s e r v e d i n 7 0 ^ E t h y l A l c o h o l , excep t 

L e p i d o p t e r a u h i c h u e r e p r e s e r v e d i n d r y c o n d i t i o n . The 

c l i m a t i c p a r a m e t e r s , such a s , t e m p e r a t u r e , h u m i d i t y 

and r a i n f a l l u e r e no ted a l o n g u i t h eve ry sample o f 

c o l l e c t i o n . 
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The survey of d i u r n a l i n s e c t s uas conducted 

every month ffrom November, 1979 t o October, 1981;' 

During t h i s per iod 7 days uere spen t each month in 

the f o r e s t for i n s e c t c o l l e c t i o n . The i n s e c t s uere 

c o l l e c t e d by hand-picking and by fo rceps . I n s e c t s i n 

f l i g h t , such a s , b u t t e r f l i e s e t c , were caught by 

sweeping n e t . Smaller i n s e c t s ue re preserved in 70^ 

Ethyl Alcohol in b o t t l e s and l a b e l l e d u i th da te and 

p l ace of c o l l e c t i o n . The l a r g e r i n s e c t s , such a s , 

Lepidoptera , Coleoptera , Hemiptera, Orthoptera e t c . 

uere preserved i n dry c o n d i t i o n . 

The i n s e c t s uere i d e n t i f i e d a t the Zoologi­

c a l Survey of I n d i a , Calcut ta and i t s Eastern Regional 

S t a t i o n a t S h i l l o n g , 

4.2 : BIOLOGY AND LIFE-TABLE OP PIADOR INSECT PESTS : 

During the f i r s t year of survey 11 spec i e s 

of i n s e c t p e s t s ue re recorded, ' Out of t h e s e , Cycl'oWi'a^ 

panthona Cram, uas found to be a major d e f o l i a t o r of 

t he t r e e Aporosa roxburqh i i B u l l , uhich grow abundant ly 

in the Balphakram f o r e s t . In the f i r s t year , na tu re of 

i t s occurrence and outbreak uere noted, eggs, l a r v a e , 

pupae and a d u l t s uere c o l l e c t e d and development uas 

s t u d i e d i n the f i e l d as u e l l as i n the l a b o r a t o r y . 

During the second year , the d e n s i t y of the eggs and 

the l a r v a l popu la t ions uere e s t ima ted and the l i f e -

t a b l e s uere p repa red . Another i n s e c t pe s t s p e c i e s . 
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Diaphania l a t i c o s t a i l s ' Guene which d e f o l i a t e s the 

med ic ina l t r e e , Holarrhena a n t i d y s e n t r i c a ( L * ) U a l l 

uas a lso i n v e s t i g a t e d o f i t s b i o l ogy dur ing the 

second year . For the r e s t 9 minor pest spec ies , 

t h e i r occurrence and t h e i r host p lan ts only have 

been describedo A'-

4.'3 :RELATI\/E TOXICITY EXPERIflEMTS : 

R e l a t i v e t o x i c i t y experiments of 4 

con tac t i n s e c t i c i d e s , namely, Thiodan 35EC (Endosu l fan) , ' 

Cyth ion 50EC (Cyanamid H a l a t h l o n ) , Nuvacron 40EC 

(Plonocrotophos) and Ekalaux 25EC(Quinalphos) uere 

c a r r i e d out on the advance stage (4 th and 5th i n s t a r s ) 

l a rvae of Cyc los la panthona Cram, and Oiaph'an'iW 

l a t i c o s t a l i s Guene . 

Of var ious techniques f o r r e l a t i v e 

t o x i c i t y experiment ue a;do|Sited a s imple techn ique , 

namely. D r y - f i l m technique o f Gupta and Raul ins ( l 9 6 6 ) , ' 

Each i n s e c t i c i d e uas tes ted i n 5 d i f f e r e n t concen t ra ­

t i o n s , v i z . , 0.0025?S, 0.005^, 0 . 0 1 ^ , 0 .02^ and 0.04^ 

i n d i s t i l l e d ua te r , ' A t h i n f i l m o f 0.5 ml o f the 

r e q u i r e d concen t ra t i on o f the i n s e c t i c i d e uas spread 

evenly on the bottom o f the p e t r i - d i s h . o f 75 mm i n 

d iameter . The f i l m uas a l l oued to dry a t room tempera­

t u r e (20°C t o 25°C) f o r about 3 h r s i Ten numbers of 

a.6\}ance stage l a r v a e o f un i fo rm s i z e uere p laced on 

each o f the d r i e d p e t r i - d i s h u i t h s p e c i f i c concenta t ion 
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and kept covered f o r m o r t a l i t y coun t ing . ' For 

c o n t r o l only d i s t i l l e d water uas used f o r making 

the dry f i l m and ten numbers o f un i fo rm s i z e l a rvae 

uere placed i n the p e t r i - d i s h . Experiments uere 

conducted u i t h f i v e r e p l i c a t i o n s f o r each concen t ra ­

t i o n a t room temperature (14 C t o 20 C) and a t 

20^ to 4Q% o f r e l a t i v e h u m i d i t y . Humidi ty uas main­

t a i ned u i t h i n the range by s p r i n k l i n g water i n the 

l a b o r a t o r y , n o r t a l i t y counts uere noted a t 1 , 3, 6, 

12, 24 and 48 h r s . o f t ime i n t e r v a l s , Moribund insec ts 

uere taken as dead. 

STATISTICAL ANALYSIS : 

Tab les , Figures and Histograms have been 

prov ided , i n p o p u l a t i o n dynamics-and the i nsec ts 

c o l l e c t e d have been analysed f o r c o - r e l a t i o n co ­

e f f i c i e n t u i t h env i ronmenta l f a c t o r s . I n the s tudy o f 

the i n s e c t pes ts . Diagrams, Histograms and l i f e - t a b l e s 

have been p rov i ded . For the ana l ys i s of the r e l a t i v e 

t o x i c i t y experiments Tables, Figures and the he lp of 

Regression Equations and Regression Lines have been 

undertaken. ' 
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OBSERVATIONS' 

5.1 : LIST OF IDENTIFIED INSECTS : 

The f o l l o u i n g i s the l i s t o f r34^ 

i d e n t i f i e d species o f d i f f e r e n t Orders : 

( 1 ) Order : Lepidoptera 

( 2 ) Family : Nymphalidae 

1 , Pantopor ia n e f t i . 

Occurrence ! September - October, 

2 , Pantopor ia sp . 

Occurrence S December - June. 

3, Neptis h e l i o d o r e . 

Occurrence : December - January. 

4 , Neptis nandina. 

Occurrence S December - January, 

5, Precis hierta. 

Occurrence S November - January, 

6» Precis villida (Junonia lemonias L.) 

Occurrence i June - December, 

7. Precis almana (Junonia almana L.) 

Occurrence : June - December, 

8. Precis atlites (L*) 

Occurrence : Jul̂ i - December, 

5» Erias insulana (Erqolis m'erione). 

Occurrence : July - December, 

10, Lethe confusa. 

Occurrence S July - December, 
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11, Hypoilmnus bo Una. 

Occurrence : Duly - September, 

12, Cirrochroa' a o r i s . 

Occurrence : September - October , 

13 , Cuthe 11 a mer ta . 

Occurrence : Danuary - February. 

\ / ^ l4 , Ter ion l s s p . 

OccurEsnce : September - Nov/ember, 

l ^ ' l5 , Llmeni t i s sp . 

Occurrence : October - November, 

(2 ) Family : Danaldae 

16, Dana i s aq lea . 

Occurrence : Throughout the year , 

17, Dana i s p lexipus ' . 

Occurrence s Duly - Oecemberi 

18, Dana i s q e n u t i a . 

Occurrence ; November - Danuary, 

19, Dana'ua hamata'. 

Occurrence : October - November, 

20, Danaus limniace. 

Occurrence : Dune - Dul̂ ,, 

\y^2^, Danaus sp. 

Occurrence & August - September, 

22, Euploea co re . 

Occurrence : Dune - September, 

23 , Euploea doubJedayi . 

Occurrence : August - October , 
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24, ^Euplosa d i o c l e t i a n u s . 

Occurrence : 3uly - September, 

2 5 , Euploea deioneo 

Occurrence : 3uly - September, 

26, Euploea mulc iber . 

Occurrence : Throughout the year , 

27, Xyleutes ceramicus Ualk, 

Occurrence : December - 3anuary, 

( 5 ) Family : P i e r i d a e 

28 , Delias t hysbe . 

Occurrence : September - October, 

29, Delias descombesi. 

Occurrence : Dune - October, 

30, Delias aqalaia. 

Occurrence : November - December, 

3 1 , Delias rosenberq ' ! . 

Occurrence : 3uly - August. 

32, Gonepteryx rhamni. 

Occurrence : August - September, 

33, Ca tops i l i a pornona. 

Occurrence : duly - August, 

34 , Eurema hecabe . 

Occurrence : 3une - November, 

35, Ixias pyr'ene. 

Occurrence : December - Danuary, 

36, Pieris brassicae. 

Occurrence : November - February, 



45 

37, P l e r i s riapi. 

Occurrence : December - February, ' 

38, Appias sp . 

Occurrence : Oanuary - February, 

( 4 ) Family : P a p i l i o n i d a e 

39, P a p i l i o memmon. 

Occurrence : 3uly - August, 

40, P a p i l i o fuscens. 

Occurrence : Dune - August, 

4 1 , P a p i l i o p o l y t i s . 

Occurrence : 3une - August,' 

42, P a p i l i o sp. 

Occurrence : June - August, 

^ ^ 4 3 . P a p i l i o sp. 

Occurrence : 3uly - August, 

44, Pach l i op te ra sp . 

Occurrence : August - September, 

45, Graphium aqamemmon. 

Occurrence : 3une - Duly, 

46, Hebromia qlausippe. 

Occurrence : Dune - Duly, 

(5) Family : Hesperidae 

47, Pelopidus a's'samensis. 

Occurrence : -September - October. 

48, Pelopidus con.juncta. 

Occurrence : November - December, 
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49. Notocrypta' c 'urvi 'fascia, ' 

Occurrence : February - March, 

50. Suniana sun ias . 

Occurrence J December - Danuary, 

5 1 . Udaspes f'oluW. 

Occurrence t August - September, 

( 6 ) Sphingidae : 

52. Ce^hanodes hylus L. 

Occurrence : May - 3uly. 

53 . Macroqlossum s t a l l a t a r u m . 

Occurrence S May - 3une. 

^ 54. Ther'etra s p . 

Occurrence : August - September, 

(?) Family : Saturnidae 

55, Actias selene (Hubn,). 

Occurrence J August - September, 

55, Attacus' atlas' L, 

Occurrence : May - 3uly. 

(B) Family : Lycanidae 

57, Nacaduba pavana. 

Occurrence : August - September 

58, Celastrina' sp. 

Occurrence : August - September. 

(g) Family : Cossidae 

59, Xyleutes ceramicus. 

Occurrence J August - September, 
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(10) Family : Brahmaeidae 

60. Brahmaea u a l l i c h l i Gray 

Occurrence : 3uly - August. 

(11) Family : A g a r i s t i d a e 

6T, Cusemia deri ta ' t r ix . ' 

Occurrence ; July - September, 

(12) Family : Syntomidae 

62 , SVntomis s'pe'rbius. 

Occurrence : January * February. ' 

(13) Family ; Zygaenidae 

6 3 , Cyclosia panthoria Cram. 

Occurrence : March - Apr i l , October - November." 

(14) Family : P y r a l i d a e 

^̂ * Diaphania laticostalis Guene 

Occurrence : March - April. 

(2) Order : Coleoptera 

(1) Family : Scarabaeidae 

1. Cathersius molossus (L.) 

Occurrence : July - August. 

2. Xylotrupes' q id eon . 

Occurrence : June - August,-

3. Helioc'opris b'ucephalus. 

Occurrence : May - July. 

4,* Scarabaeus sace^. 

Occurrence ; April - July. 
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5. Popilia cyanea, 

OccurrBnce : May - 3uly. 

6. Oryctus rhinoceros. 

Occurrence : September - October, 

( 2 ) Buprest idae 

7. Chrysochroa b i c o l o r Fabr.' 

Occurrence :3une - August,' 

8.' Chrysochroa' chinertsig^ Cast,' 

Occurrence :3une - Ju l y , 

5» Chrysochroa q'rat iosa Oeyr,' 

Occurrence : July - August,' 

10, Sternocer'a aeq'u'lsiqnata Saund. 

Occurrence : June - J u l y , 

** ^ • Starnocera laev igata . . 

Occurrence ; June - July' , 

( 3 ) Family : Mel^ idae 

12. ny l ab f l s ' ph'al'erata ( P a l l a s ) 

Occurrence ; May - Ju l y , 

13, Plylabri's pus tu l a t e Thunbera 

Occurrence : May - July, ' 

( 4 ) Family : Cocc ine l l i dae 

14. Epilachna" viqin't iocto'puln'ctata^. 

Occurrence : December - March, 

15, Chilomenes 6~maculata» 

Occurrence : December - March, 
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Coccinel la s p . 

Occurrence : January - Narch. 

Chilomenes s p . 

Occurrence s 3anuary - Plarch. 

(5) Family : Chrysomell idae 

1 8. Pic lad Is pa armi'qera"« 

Occurrence : October - December,^ 

19. ffulacophora' foVe'i'coll'is^ Lucas 

Occurrence : November - narch'0 

(S) Family : Curcul ion idae 

20, Cyr to t rache lus ' lonqimanus'. 

Occurrence : 3une - August, 

\y 21« P r o t o c e r i u s sp» 

Occurrence ; (*lay - 3uly. 

( 7 ) Family : Lucanidae 

22, Lucanus canto's 1 Hope 

Occurrence : 3uly - August, 

( 8 ) Family : Gyrinidae 

23 , Gyrinus s p . 

Occurrence : 3une - 3uly, 

( 9 ) Family j Scaph id i idae 

24. Scaphidium s p . 

Occurrence : 3une - 3uly. 
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(10) Family : S taphy l i n idae 

\/ 25 , Staphy l inus sp . 

Occurrence : September - October . 

(11) Family : C i c i nde l i dae 

\y/ 26, Cicindel 'a sp . 

Occurrence 5 March - Way. 

(12) Family : Oynastidae 

27. Oryctes rh inocerds ' . 

Occurrence : February - na rch , 

(3) Order : Or thoptera 

(1) Family : Acr id idae 

1• Oxyia ve lox . 

Occurrence ; Throughout t h e yea r , 

2, Oxyia hyla hyla S e r v i l l e 

Occurrence ; Throughout t h e year , 

3 , Oxyia s p . 

Occurrence ; Throughout t h e year , 

^* Sch is tocera q r e q a r i a . 

Occurrence :October - March, 

5, Chondrac'ris rosea (de Gur) 

Occurrence : May - September, 

6, Choroedocus o'xypt̂ rus (Blanchard) 

Occurrence : June - September, 

7, Attractomorpha cremulata (Fabr,) 

Occurrence : Duly - October, 

8• Acrida exalta ( Ua Ik, ) 

Occurrence : May - October, 
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(2 ) Family : Tefctigonidae 

5» Holochlora i nd i ca Kirby 

Occurrence : June - August, 

10* Wecopoda e lonqata L, 

Occurrence : 3une - Duly, 

ii) Family : Gry l l i dae 

' '2* Gryllus b'imaculatus de Gur 

Occurrence ; 3une 4 August, 

13 . Brachytrypes o r i e n t a l i s (Burm.) 

Occureonce J Way - Ju ly , 

14. Te leogry l lus m i t r a t u s (Burm.) 

Occurrence : lijly - August. 

< . 

(A) Family : Gryllotalpidae 

15. Gryllotalpa Possor, 

Occurrence : April - August, 

(4) Order : Hemiptera 

(1) Family :Pyrrhocoridae 

"* • Dysdercus' cinqul'atus (Fabr, ) 

Occurrence : February - April, 

(2) Family : Aphididae 

\/2, Aphis sp. 

Occurrence : Danuary - April, 
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9 

(3) Family : Dassidae 

3. Empoasc'a flavescens. 

Occurrence : February - Narch, 

4. Nephotetti'x' bi'pu nc'tat'u's'. 

Occurrence 5 January - April.' 

(4) Family : Ccreidae 

5. Leptocorixa varicornis. 

Occurrence : April - May, 

(5) Family : Lyqaeidae 

6» Lyqaeus sp. 

Occurrence : February - l*larĉ . 

(5) Order : Hymenoptera 

(1) Family ; Bombidae 

^ 1 • Bombus' sp. 

Occurrence : April - May, 

(2) Family : Apidae 

2. Apis mellific'a. 

Occurrence : February - May, 

(3) Family : Formicidae 

3,̂  Oecophylla s'maraqdina. 

Occurrence : April - August, 

\/4« Formica sp. 

Occurrence : February - September, 

\y^5, Formica sp. 

Occurrence : Throughout the year. 
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( 4 ) Family : Vespidae 
y 

«• Vespa s p . 

Occurrence : Apr i l - Dune* 

(5) Family : Braconidae 
y' i 

v/7, Apantelee; sp,' 

Occurrence : March - VSa^f^ 

(6 ) Order : Diptera 

( 1 ) Family : Cu l ic idae 

^ 1V Aedes' s p . 

Occurrence :February - Hay, 

^^ 2 , Culex s p . 

Occurrence : February - J u l y . 

^ 3 , Anopheles s p . 

Occurrence : May - June. 

( 2 ) Family : Fluecidae 

4, riusc'a dome's t ' i ca . 

Occurrence : Throughout t h e year , ' 

^^' 5.' nusca s p . 

Occurrence : Throughout t h e year i ' 

( 3 ) Family : Drosophi l idae 

^ 6 ; " OroWo'p'hila s p . 

Occurrence ; nay - J u l y . 

( 4 ) Family : Tachinidae 

v^7, Tachina s p . 

Occurrence : Hay - June.' 
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( 5 ) Family : T ipu l idae 

8, Tipula s p . 

Occurrence : May - Dune. 

( ? ) Order : Oic tyoptera 

( l ) Family S B l a t t i d a e 

1, S l a t t a o r i e n t a l i s , ' 

Occurrence : Thoroughout t h e year, ' 

2 , P e r i p l a n e t a americana'» 

Occurrence : Thoroughout t h e yea r , 

(8 ) Order s Oermaptera 

( l ) Family : F o r f i c u l i d a e 

1« Forf icu la a u r i c u l a r l a . 

Occurrence : nay - Duly. 

(9$ Order i Ephemeroptera 

(1 ) Family : Baet idae 

\ X 1 . Baet is s p . 

Occurrence ; Apr i l - Dune and September - November. 

^2, Cloeon s p . 

Occurrence s September - October , 

(10) Order : Phasmida 

(1) Family : P h y l l i d a e 

1. Phyllium s p . 

Occurrence : Apr i l - Way, 

(2 ) Family : B a c t e r i i d a e 
/ 
2• Tenodera sp• 

Occurrence : Apr i l - Dune, 
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5 ,2 : ANALYSIS OF INSECTS IN LIGHT-TRAP 

The a n a l y s i s of t h e l i g h t - t r a p i n s e c t 

C a t c h e s i's" p'l^e'sent ed u n d e r t he. ' fo ' l ' iowing' s l ub -head ings : 

< Ment hwise^ ^ A n a l y s i s , Hour ly A r i a l y s i s arid PopulaitLion 
. , ^ . ' i d •.*.'-•> i ? i I. 

--Dy hai i i ics . : " ' 

5 , 21 : MONTHWISE,ANALYSIS t 

The djit a on n lonthwise a n a l y s i s ,of i n s e c t s 

c o l l e c t e d i n \ l 4 g h t - t r ap b e l o n g i n g t o d i f f e r e n t l o r d e r s 

have b e e n shown i n T a b l e s 5,'«-i, 5 ,2 and.^Rigure.s 5 . 1 , 5 . 2 , 

^ , 7 " " D u r i n g t h e f i r s t y e a r t h e c o l l e c t ion^^ '^^ 

p e r c e n t a g e of d i f f e r e n t i n s e c t ' o r d e r - r s ; in d e s c e n d i n g 
* . a * - - ; -5-? ; J - - . " ^ i - - j . - i , i i ; * : * - * '< 

D i c t y p p t e r a 0 . 70%, D e r m a p t e r a , OLAJJ%,, J s o p t e r a 0,,jl7?&, 

P . l e c o p t e r a 0.^13^ ' a n d ^ r f o n a t a Q«'0^^. 

-Dur ing t h e s econd ;year t h e p e r c e n t a g e 

i n d e s c e n d i n g ortieT ^wei'e' a s - f a l l o w s ,: ;lji:p;t;e'ra 4^,^43?^, 

G a l e p p t e r a 13(. 33?^,; Lep idopWrc t _6:,-l6^, C r̂t hopterra^ 4 , 5 8 ^ , 

E p h e m e r o p t e r a 0 . 7 3 ^ , D ' i c t y o p t e r a o , 7 0 ^ , T r i c h o p t e r a 

0,,555!5,' I s o p t e r a ' b , 485$ =. D e r m e p t e r a 0,48?^, P l e c o p t e r a 

0.46?S -and- b d o n a t a 0 . 0 1 ^ , - _- . - :' 

T o t a l number of a l l t h e i n s e c t s c o l l e c t e d 

i n t h e f i r s t year_.was 9211 land i n t h e s e c o n d y e a r 

was 6 8 9 5 , 
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Figure 5,1 : Percentage of 13 Insect orders of the t o t a l 

Annual Insect Col lect ion by L ight - t rap i n 

the f i r s t year (November, 1979 to October, 

1989) and in the second year (November,' 

1980 to October, 1981) 

DIP = Diptera 

LEP s Lepidoptera 

HVn 3 Hyroenoptera 

EPH 3 Cphemeroptera 

OER a Oerraaptera 

ISO s Isoptera 

ODO s 0donate 

COL 3 Coleoptera 

HEM = Heml'ptera 

ORT =j Orthoptera 

QIC 9 Oictyoptera 

TRI 3 Trlchoptera 

PLE a Plecoptera 
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Figure •5i'2 : Plonthuise Insect Col lect ion Percentage 

of the t o t a l Annual Insect Collecti'on 

by Light-trap in the f i r s t year (Novem-

betjJ 1979 to October, 1980) and In the 

second year (November, 1980 to October, 

1981K^ 
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A comparison of the above data of t he tuo 

yea r s r e v e a l t h a t Diptera uas the h i g h e s t , Coleoptera 

u/as the second h i g h e s t and Odonata uas the lowest in 

the l i g h t - t r a p c o l l e c t i o n . 

The pe rcen tage of monthuise t o t a l i n s e c t 

ca tch during the f i r s t year uas i n t h e fo l lou ing de s ­

cending order : October 39.005^, September 12,'28^, ilily 

11 •SS^, ^jne 9 .42^ , Hay 1,Q1%, November 6.89^, August 

6.27?S, Apr i l 5.1S?S, March 1.07^, December O.'SA^ Feb­

ruary 0,645?[ and January 0 .39^ , 

During the second yea r , the percen tage of 

monthuise t o t a l i n s e c t catch uas i n the fo l l ou ing des ­

cending order : October 34.41?^, September 14,'76:^, 3uly 

12.05?S, June 10.525S, August 7 .07^ , November 6 .74^, Play 

6 ,45^ , Apr i l 4.gO?S, March 1,20^, February 0o75^, December 

0 .58^ and January 0 ,55^ . 

Above data r e v e a l t h a t i n s e c t catch pe rcen­

tage uas h ighes t i n October and l o u e s t in January during 

both the y e a r s . 

The r e l a t i o n s h i p between the monthly abun­

dance of d i f f e r e n t i n s e c t o rders for both the years 

i s p resen ted in the Table5-3. A p o s i t i v e l y s i g n i f i c a n t 

r e l a t i o n s h i p i s r evea l ed a t 0 . 0 1 ^ l e v e l for Qr thop te ra , 
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ĉ  

-VO 
« 

0 

% 

t n 
to 
00 
t— 

r~ 
a 

0 

* 
* 
CO 
cn 
i n 
CM 
00 

a 
0 

to 
^ 
CD 

•P 
a. 
CO 
E 
u 
(D 

0 

t n 
2 

cn 
CO 
r-
t ^ 

„to 
" • 
" 0 

t n 
2 

to 
i n 
CM 
t ^ 

a 
0 

t n 
2 

CM 
i n 
•!? 
•<r 
iN 

'a 
' 0 

<n 
2 

VD 
i n 
0 
t ^ 
t o 

a 
0 

tn 
2 

CO 
cn 
CM 
00 
CvJ 

a 
0 

CO 
• p 
to 
c 
a 

T3 
0 

sn 
r 

eQ 
*S r -
C^ 
-Q̂  

a 

'6 

J "*• 

tn 
2 ! 

i n 
19 
St 
VD 

^ a 
0 

-

tn 
2 

CM 
CM 
VO 
i n 
t — 

r r - j 
0 

-

tn 
2 

CD 
"* 
«— 
CM 
i n 

a 
0 

tn 
2 

0 
0 
CM 
St 
i n 

a 
0 

CO 
•P 
u 
CD 
to 
c 

»-• 

M 
CO 

•p 
0 

H-

4J 
•H 
T ) 
•H 
E 
3 

X 

(D 
> 

•H 
4-> 
CD 

»-» 
(D 

CC 

E 
2 
E 

«H 
C 
•H 
E; 

n 
• 

E 
3 

X 

"a 
i H 
QJ 

CC 

,a 
: « 
•M 
E: 

CD 
U 
3 

• P 
to 
u 
CD 
a 
E 
(U 

1 -

E 
*3 
g 

»H 
C 

•H 
E: 

II 

a 
D. 
E 
CD 

1 -

a 
C 

•H 
E: 

•p 
•H 
T ) 
•H 
E 
3 

X 

CD 
> 

•H 
+J 
CD 

rS 
CD 

E 
3 
E 

• H 
X 
CD 

E: 

II 

"a 
E 
3 

X 

a 
rH 
(U 

CC 

a 
X 
CO 

E: 

CD 
U 
3 

4J 
CO 
^ 
CD 
Q. 
E 
CD 

»-

E 
3 
§ 

•H 
X 
CD 

E: 

II 

a 
a 
E CD 

J -

a 
X 
CO 

s: 

•p 
c 
CD 
0 

•H 
<U 
•H 
c 

•H 
t n 

•p 
0 

2 

II 

t n 
2 

in 
p 
"" a 
0 

V-

0 
a 

0 

V V 
a. 

+» 
to 

• p 

c 
CO 
0 

0-
•H 
C 
cn 

t n 

II 

^ 

a. 
•p 
CO 

• p 
c 
CO 
0 

t l -
•H 
C 
CJI 

t n 

II 

* 
^. 



57 

Hymenoptera, Hemiptara, Ephemeroptera, D lp te ra , T r i chop te ra , 

I s o p t e r a , Oermaptera and Odonata f o r the t o t a l c a t c h . The 

r e l a t i o n s h i p i s p o s i t i v e l y s i g n i f i c a n t a t 0,̂ 05'?S l e v e l fo r 

Lap idop te ra , O r thop te ra , Hymenoptera, Hemiptera, Ephe­

meroptera, D i p t e r a , T r i c h o p t e r a , P lecop te ra , I s o p t e r a , Oer­

maptera and Bdonata. No r e l a t i o n s h i p i s found f o r Coleop-

t e r a and D ic tyop te ra at 0 . 0 1 ^ and 0 .05^ l e v e l s . 

The r e l a t i o n s h i p between the env i ronmenta l 

f a c t o r s ( tempera tu re , humid i ty and r a i n f a l l ) and the t o t a l 

numbers of i nsec ts c o l l e c t e d fo r the tuo years have been 

shoun i n Tables S,4 and 5 . ^ , r e s p e c t i v e l y . 

During the f i r s t year, r e l a t i o n s h i p u i t h 

minimum temperature a t 0 , 0 1 ^ l e v e l u i t h P lecop te ra , a t 

0,05?2 l e v e l u i t h Hymenoptera and T r i chop te ra ; u i t h maxi­

mum temperature a t 0 . 0 1 ^ lewe l u i t h Lepidoptera and 

P lecop te ra , a t 0 .05^ l e v e l u i t h Hymenoptera and Tr i chop­

t e r a uere found to be s i g n i f i c a n t , R e l a t i o n s h i p u i t h m i n i ­

mum r e l a t i v e humid i t y a t 0.01/S l e v e l u i t h Lepidoptera 

and P lecop te ra , a t 0,05?S l e v e l u i t h Hymenoptera,' T r i chop­

t e r a and Odonata; u i t h maximum r e l a t i v e humid i t y a t 0 . 0 1 ^ 

l e v e l u i t h Or thoptera uere found t o be s i g n i f i c a n t . Rela­

t i o n s h i p u i t h r a i n f a l l a t 0 . 0 1 ^ l e v e l u i t h Lepidoptera 

and P lecop te ra ; a t 0,05/2 l e v e l u i t h Hymenoptera, T r i chop ­

t e r a and Odonata uere found to be s i g n i f i c a n t . 

Dur ing the second year , r e l a t i o n s h i p u i t h 

minimum temperature a t 0 , 0 1 ^ l e v e l u i t h D i c t y o p t e r a , T r i ­

choptera , P lecoptera and Oermaptera; a t 0 .05^ l e v e l u i t h 
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Lepicloptera, Hymsnoptera and Coleoptera ; u i t h maximum 

temperature a t 0,01?o l e v e l u i t h D i c t y o p t e r a , T r i chop te ra 

and Oermaptera; a t 0,US% l e v e l u i t h Lep idoptera , Hymenop-

te ra and P lecoptera uere found t o be s i g n i f i c a n t . R e l a t i o n ­

sh ip u i t h minimum r e l a t i v e humid i t y a t 0 , 0 1 ^ l e v e l u i t h 

D i c t yop te ra , a t 0 ,05^ l e v e l u i t h Hymenoptera and Dermaptera; 

u i t h maximum r e l a t i v e humid i ty a t 0,01/S l e v e l u i t h D ic ­

t yop te ra and Dermaptera, a t 0 .05^ l e v e l u i t h Hymenoptera, 

Coleoptera, P lecoptera and I sop te ra uere found to be 

s i g n i f i c a n t . R a i n f a l l had no s i g n i f i c a n c e a t 0 . 0 1 ^ and 

0 .05^ l e v e l s i n the second year . 

5.22 ; HOURLY ANALYSIS : 

The hou r l y ana l ys i s o f the t o t a l i nsec t 

catch i s presented i n Tables S»& and 5.7 fo r the tuo 

years , r e s p e c t i v e l y . 

The percentage o f hou r l y i nsec t catch 

du r ing the f i r s t year i n the ascending order uere as 

f o l l o u s : 05.00 - 06.00 h r s . ( 1 . 1 1 ^ ) , 04.00 - 05.00 h r s . 

(2 .19,^) , 02.00 - 03.00 h r s . ( 4 . 2 8 ^ ) , 17.00 - 18.00 hrs . ' 

( 4 . 7 4 ^ ) , 03.00 - 04.00 h r s . ( 4 . 7 6 ^ ) , 01.00 - 02.00 h r s . 

(5.78?S), 23.00 - 24.00 h r s . ( 5 . 8 6 ^ ) , 22.00 - 23.00 hrs» 

( 1 0 . 8 1 ^ ) , 18.00 - 19.00 h r s . (11.'69?S), 19.'OO - 20.00 h rs . ' 

(13.855S), 21.00 - 22.00 h r s . ( 1 6 . 9 6 ^ ) , 20.00 V 21.00 h r s . 

n 7 . 9 1 ^ ) . During the second year the percentage of hour l y 

catch i n ascending order uere as f o l l o u s : 05.00 -

06.00 h r s . ( 0 . 7 9 ^ ) , 04.00 - 05*00 h r s . ( 1 . 8 1 ^ ) , 03,00 -

04.00 h r s . ( 2 . 7 1 ^ ) , 02.00 - 03.00 h r s . ( 3 . 2 9 ^ ) , 17.00 -



Table "5.S : Total numbers and percentage of Insect Orders 
col lected by Light- trap at one hourly i n t e rva l s 
during November, 1979 to October, 1980. 

The top figure represents the actual number of 
Insects uhi le the figure immediately belou i t 
represents the percentage of Insect Order col lec ted 
in tha t hour. 

1 = 17,00-18.00 hrs 7 = 23,"00-24.00 hrs 
2 = 18.00-19,00 hrs 8 = 24.'00-05.'00 hrs 
3 = 19,'QQ-20,00 hrs 9 = 01.'00-02.00 hrs 
4 = 20.00-21.00 hrs 10 = 02;00-03-00 hrs 
5 = 21.00-22.00 hrs 11 = 03.00-04.00 hrs 
6 = 22.00-23.00 hrs 12 = O4.'00-05.00 hrs 
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Table 6> 7 • T o t a l numbers and percentage of I nsec t Orders 

c o l l e c t e d by L i g h t - t r a p at one hou r l y i n t e r v a l s 

dur ing November, 1980 t o October," 1981. 

The top Figure represents the a c t u a l number o f 

Insec ts u h i l e the f i g u r e immediate ly belou i t 

represents the percentage o f I nsec t Orders c o l l e c t e d 

i n tha t hour, 

1 = 17.00-18.00 hrs 7 = 23.'00-24.'00 hrs 

2 = 18.00-19.00 hrs 8 = 24.'OO-01 .'00 hrs 

3 = 19.00-20.00 hrs 9 = 01 .'00-02.'00 hrs 

4 = 20'.-00-21.'00 hrs 10 = 02.'00-03.00 hrs 

5 = 21.00-22,'00 hrs 11 = 03,'00-04;'00 hrs 

6 = 22.00-23,=00 hrs 12 = 04.'00-05','00 hrs 
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18,00 h r s . ( 3 . 5 8 ^ ) , 01.00 - 02.00 h r s . ( 4 . 5 3 ^ ) , 23.00 -

24,00 h r s . (6.32?S), 22.00 - 23.00 h r s . ( 9 . 4 2 ^ ) , 18.00 -

19.00 h r s . (10.35?S), 19.00 - 20.00 h r s . ( l ^ . ' S I ^ ) , 21.00 -

22.00 h r s . ( 1 9 . 1 1 ^ ) , 20,00 - 21.00 h r s . ( 2 0 . 2 1 ^ ) . 

During the f i r s t year the catch pe rcen tage 

uas minimum a t 04,00 - 05,00 h r s , (l.11',/o) and maximum 

a t 20,00 - 21,00 h r s . ( 1 7 . 9 1 ^ ) , Durning the second year 

the catch pe rcen tage uas minimum a t 04,00 - 05,'00 h r s . 

(0 .79^ ) and maximum a t 20,00 - 21,00 h r s . (20 .21^) ' , 

The data showing the percen tage a n a l y s i s of 

the catch by d i v i d i n g the n igh t i n t o ha lves and q u a r t e r s 

have been p resen ted in Tables-^ for the e n t i r e s tudy 

p e r i o d . The data shou t h a t the catch uas maximum (46,14^) 

in the second q u a r t e r of the n igh t betueen 20,00 -

23,00 h r s . , fo l loued by the f i r s t q u a r t e r (38 ,02^) betueen 

17,00 - 20.00 h r s . and t h i r d q u a r t e r (10.62^) b etueen 

23,00 - 03.00 h r s . Average 84.30?b i n s e c t catch uas 

recorded in the f i r s t ha l f of t h e n igh t betueen 17,00 -

23,00 h r s , , u h i l e i t uas 15,36^ catch in the second h a l f 

of t he n igh t betueen 23,00 - 06,00 h r s . 

Hourly a n a l y s i s , houever , shous some v a r i a t i o n s 

in i n s e c t catch pe rcen tage in d i f f e r e n t months. During 

t h e f i r s t year , maximum i n s e c t ca tch percentage uas 

betueen 17,00 - 20,00 h r s , in December, January, February, 

Plarch and September and betueen 20,00 - 23,00 h r s , in 

A p r i l , Hay, 3une, Ju ly , August, October and November. 
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During the second year, maximum i n s e c t catch percentage 

uas between 17.00 - 20,00 h r s . i n Decembdr, February 

and March and between 20.00 - 23,00 h r s , i n A p r i l , nay, 

3une, 3u ly , August, September, October, Novembei and 

January, Minimum percentage o f i nsec ts uere c o l l e c t e d 

betueen 23.00 - 03,00 h r s , i n September dur ing the f i r s t 

year and i n December, January and February dur ing the 

second year, While f o r the r e s t of the months minimum 

percentage was between 03,00 - OS'oOO hrs , ' i n both the 

years , 

5,23 : POPULATION DYNAMICS: 

DIPTERA : 

D ip tera uas the most dominant order i n the l i ^ ' h t -

t r a p c o l l e c t i o n i n both the years , w i th 3874 and 3270 of 

numbers of i n d i v i d u a l s , r e s p e c t i v e l y . During the f i r s t 

year the order c o n s t i t u t e d 42.05?a and dur ing the second 

year i t was 47.43^ o f the t o t a l catches (Tables S". 1 , 5 . 2 ) . 

The monthly f l u c t u a t i o n of D ip te ra has been shotjn i n the 

Figure^S^.S . 

During the f i r s t year the monthwise t o t a l 

c o l l e c t i o n and i t s percentage o f the t o t a l annual Catch 

were as fo l l ows : November 108 (2.79/S), December 2 ( 0 , 0 5 ^ ) , 

January 2 ( 0 . 0 5 ^ ) , February 8 ( 0 . 2 1 ^ ) , March 8 ( 0 , 2 1 ^ ) , ' 

A p r i l 19 ( 0 , 4 9 ^ ) , May 34;J(0,88?S), June 312 ( 8 , 0 5 ^ ) , July 

393 ( 1 0 , 1 4 ^ ) , August 346 ( 8 . 9 3 ^ ) , September 623 (16.08?S) 

and October 2022 ( 5 2 . 1 9 ^ ) , During the second year the 

monthwise c o l l e c t i o n and i t s percentage o f the t o t a l 



Figure ES35 Plonthuise t o t a l c o l l e c t i o n of Oiptera 

and Orthoptera in Light-trap from NovenW 

ber, 1979 to October, 1981,^ 
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annual catch uere as follows : November 68 ( 2 . 0 8 ^ ) , 

December 1 (0.05?S), 3anuary 4 ( 0 . 1 2 ^ ) , February 10 

(0,31?S), March 7 ( 0 . 2 1 ^ ) , Apr i l 12 ( 0 . 3 7 ^ ) , May 24 

( 0 . 7 3 ^ ) , June 323 ( 9 . 8 8 ^ ) , 3uly 292 ( 8 . 9 3 ^ ) , August 

280 (8 .56^) and September 591 (18 .07^) and October 

1658 ( 5 0 . 7 0 ^ ) . 

The r e l a t i v e abundance of Oiptera uas 

minimum in December and January u i t h 2 (0 ,05^) in each 

month and maximum in October u i t h 2022 (52 .19^) in the 

f i r s t yea r . During the second year the r e l a t i v e abun­

dance uas minimum in December u i t h 1 (0 ,05^) and maxi­

mum in October u i t h 1658 (50.70/^) . Th ere uere t h r e e 

peaks of catch in February 8 ( 0 , 2 1 ^ ) , 3j ly 393 (10.145^) 

and October 2022 (52.19/5) in the f i r s t year . During 

the second year t h e th ree peaks were in February 10 

(0.31!^), June 323 (9.8892) and October 1658 (50.70?S).' 

Thus, during both the years of i n v e s t i g a t i o n t h e r e l a t i v e 

abundance of Oiptera shoued s i m i l a r i t y . 

The r e l a t i o n s h i p between the monthly 

r e l a t i v e abundance of Oiptera and c e r t a i n environmental 

f a c t o r s i s p resen ted in Tables 4^.4-, 4 . 5 for both the 

y e a r s . In both t h e yea r s , average minimum and maximum 

tempera tu re , humidity and monthly t o t a l r a i n f a l l did 

not show any s i g n i f i c a n t r e l a t i o n s h i p u i th the monthly 

t o t a l Oiptera catch a t 0.01?S and 0 ,05^ l e v e l s . 

The i d e n t i f i c a t i o n of the order r e v e a l s 

t h a t the c o l l e c t e d samples comprised of f ive f a m i l i e s . 
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namely, Chironomidae, Cecidomyiidae, T ipu l idae , Syrphidae 

and Drosoph i l idae . The monthuise f l u c t u a t i o n of d i f f e r e n t 

f ami l i e s has been shoun in Figure 5-4. During the f i r s t 

year the numbers and percen tage composit ion of t h e s e 

f ami l i e s uere as follows : Chironomidae 2505 (67,24/C), 

Cecidomyiidae 1175 (ZO.33%), T i p u l i d a e 49 ( l . ' 2 5 ^ ) , Syrphir^'-

dae 28 (0 .72^) and Drosophi l idae 17 ( 0 . 4 3 ^ ) . During the 

second year the numbers and pe rcen t age composi t ion of the 

f ami l i e s uere as fo l l ous : Chironomidae 2290 (70«03^), ' 

Cecidomyiidae 866 ( 2 6 . 4 8 ^ ) , T ipu l i dae 48 (1.465^), Syrphidae 

37 i^,^yfo) and Drosophi l idae 29 (0,88?2). 

The r e l a t i v e abundance of d i f f e r e n t f ami l i es 

of Diptera uere as fo l lous : 

1. Chironomidae — I t uas the most dominant 

family and comprised of 2605 numbers u i th 67,24?S of 

the t o t a l Diptera catch of t h e f i r s t year and 2290 

numbers u i t h 70 ,03^ of the t o t a l Diptera catch of the 

second year . 

During the f i r s t year the monthly t o t a l catch 

and percentage to the t o t a l annual catch uere as fo l lous ; 

November 86 ( 3 . 3 0 ^ ) , December 2 ( 0 , 0 8 ^ ) , January 2 (0.08??$, 

February 5 ( 0 . 1 9 ^ ) , March 3 {o,M%), Apr i l 12 (0.46?2), 

May 23 (l,07?S), 3ijne 19 (0.73,'^), Duly 16 ( 0 . 6 1 ^ ) , August 

22 (0.84$^), September 418 (16.05:!$) and October 1992 f~:.-^-' 

(76,47/^) , During the second year the monthly t o t a l catch 

and percen tage to t h e t o t a l annual catch uere as fo l lous : 

Movember 57 ( 2 . 4 9 ^ ) , December 1 (0.045^), January 4(0.17?S), 



2000 

' ' 500 

(X. 

% 1000 
7. 
D 
Z 

500 

ipo 

rin.5/4 
CHIRONOMIDAE 
CECfDOMYIlDAC 

TIPULIDAE 
^SYRPHIOAE 
oDROSOPHlLtDAE 

NDJ F M A M J J A S O N D J F M A M J J A S O 



63 

February 8 ( 0 . 3 5 ^ ) , Inarch 6 (0,26?S), A p r i l h ( 0 . 1 7 ^ ) , 

nay 18 ( 0 . 7 9 ^ ) , Dune 23 ( l . O O ^ ) , a j l y 10 ( 0 . 4 4 ^ ) , 

August 20 ( 0 . 8 7 ^ ) , September 518 (22.62?2) and October 

1621 (70.-79^). 

The r e l a t i v e abundance of the Chironeimidae 

uas minimum i n December and Danuary u i t h 2 (0 .08^ ) i n 

each month and maximum i n October u i t h 1992 (76 ,47^ ) i n 

the f i r s t year. During the second year the r e l a t i v e 

abundance uas minimum i n December u i t h 1 (0 ,04^ ) and 

maximum i n October u i t h 1621 ( 7 0 , 7 9 ^ ) , There uere three 

peaks of catch i n the f i r s t year i n February 5 (0, ' l9/8), 

May 28 ( l . 0 7 ^ ) and October 1992 ( 7 6 . 4 7 ^ ) . In the second 

year the th ree peaks uere i n February 8 (0,355S), 3une 

23 (1 .00^ ) and October 1621 ( 7 0 . 7 9 ^ ) . 

Dur ing September and October i n the e n t i r e 

s tudy per iod most of the Chironomids uere found to be 

u i t h i n t e r n a l Nematode, l a t t e r b rus t out from the abdomen 

o f the i n s e c t as soon as i t f a l l s doun the ua te r of the 

L i g h t - t e a p , 

2 . Cecidomyiidae r-r I n the f i r s t year the 

f a m i l y comprised o f 1175 numbers u i t h 30,33^ of the t o t a l 

annual Diptera c a t c h . I n the second year i t comprised of 

866 numbers and 26 .48^ o f the t o t a l annual D ip te ra ca tch . ' 

Dur ing the f i r s t year the monthly t o t a l catch 

and percentage t o the t o t a l annual catch o f the fami l y 

uere as f o l l o u s : November 16 ( l .36?S), December 0 (O.OO^), 

January O(O.OO^), February 0 ( 0 . 0 0 ^ ) , narch 0 (O.OO^), 

A p r i l 3 (0.26?g), Nay 3 (0.265^), 3une 271 ( 2 3 . 0 6 ^ ) , 3uly 
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357 (30.38?^), August 304 (25.87?S), September 195 

( 1 6 . 6 0 ^ ) . and October 26 (2 . ' 21^ ) , During the second 

year the monthly t o t a l catch and i t s percentage to 

the t o t a l annual catch uere as f o l l ows : November 

7 ( 0 . 8 1 ^ ) , December 0 (O.OO^), Danuary 0 (O.'OO^), 

February 0 (O.OO^), March 0 (O.OO^), A p r i l 5 ( 0 , 5 8 ^ ) , 

nay 4 ( 0 . 4 6 ^ ) , 3une 258 ( 2 9 . 7 9 ^ ) , 3uly 261 ( 3 0 . 1 4 ^ ) , 

August 230 (26«56^) , September 69 (7.97:^) and 

October 69 (7 .97/^) . 

Dur ing the f i r s t year the re uas no 

catch i n December, 3anuary, February and Harch and 

minimum catch uas i n A p r i l and nay w i th 3 (0.26/h) 

i n each month and maximum catch uas i n 3uly u i t h 357 

(30,38%), There uas no catch i n December, 3anuary, 

February and March; minimum catch uas i n Hay u i t h 4 

(0,<'6/S) and maximum catch uas i n 3uly u i t h 261 (30,14^) 

i n the second year . There uas a s i n g l e peak o f catch 

i n 3uly 357 (30,38?$) i n the f i r s t year . In the second 

year there uere tuo peaks of catch i n A p r i l 5 (0,5B/S) 

and 3uly 251 (30.14?S). 

3. T i pu l i dae — In the f i r s t year the 

f am i l y comprised o f 49 numbers and 1.25/o of the t o t a l 

annual D ip tera ca t ch . I n the second year i t comprised 

o f 48 numbers and 1,46/o of the t o t a l annual D ip te ra 

c a t c h . 

Dur ing the f i r s t year monthuise t o t a l 

catch and i t s percentage to the total annual catch uere 
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a s f o l l o u s : November 5 ( 1 2 . 2 4 ^ ) , December 0 (O.'OO^), 

Danuary 0 (O.OO^), Feb rua ry 3 ( 6 . 1 2 ^ ) , Inarch 2 ( 4 . 0 8 ^ ) , 

A p r i l 4 ( 8 . 1 6 ^ ) , Play 3 ( 5 . 1 2 ^ ) , 3une 7 ( 1 4 . 2 9 , ^ ) , Duly 

6 ( 1 2 . 2 4 ^ ) , August 4 ( 8 . 1 6 ^ ) , September 10 i2D,A^%) 

and Oc tober 4 ( 8 , 1 6 ^ ) . During t h e second yea r month-

u i s e t o t a l c a t c h and i t s p e r c e n t a g e t o t h e t o t a l a n n u a l 

c a t c h u e r e a s f o l l o u s : November 4 ( 8 , 3 3 % ) , December 

0 ( 0 . 0 0 % ) , J a n u a r y 0 ( 0 . 0 0 % ) , F e b r u a r y 2 ( 4 . 1 7 % ) , Harch 

1 ( 2 . 0 8 % ) , A p r i l 3 (6;'25%)',s May 2 ( 4 . 1 7 % ) , Oune 13 

( 2 7 . 0 8 % ) , Duly 2 ( 4 . 1 7 % ) , August 12 ( 2 5 . 0 0 % ) , September 

4 (8 .33%) and Oc tobe r 5 ( 1 0 . 4 2 % ) . 

There uas no catch i n December and January, 

minimum c a t c h uas i n Plarch u i t h 2 (4 .08%) and maximum 

c a t c h uas i n September u i t h 10 (20.41%) i n t h e f i r s t 

y e a r . In t h e s e c o n d yea r t h e r e uas no c a t c h i n December 

and F e b r u a r y , minimum c a t c h u a s i n March u i t h 1 (2 .08%) 

and maximum c a t c h i n Dune u i t h 13 ( 2 7 . 0 8 % ) . There u e r e 

four lou peaks of c a t c h i n t h e f i r s t yea r i n Feb rua ry 3 

( 6 . 1 2 % ) , A p r i l 4 ( 8 . 1 6 % ) , Dune 7 (14.29%) and September 

10 ( 2 0 . 4 1 % ) , I n t h e second y e a r t h e r e u e r e f i v e lou peaks 

of c a t c h i n F e b r u a r y 2 ( 4 . 1 7 % ) , A p r i l 3 ( 6 . 2 5 % ) , Dune 13 

( 2 7 . 0 8 % ) , August 12 (25.00%) and Oc tober 5 ( 1 0 . ^ 2 % ) . 

4, S y r p h i d a e — I n t h e f i r s t y e a r t h e f ami ly 

compr i s ed of 28 numbers and 0,72% of t h e t o t a l a n n u a l 

D i p t e r a c a t c h . I n t h e second y e a r i t c o m p r i s e d of 37 

numbers and 1.13% of t h e t o t a l a n n u a l D i p t e r a c a t c h . 



Figure 5-5: Monthuise t o t a l c o l l e c t i o n of Co leoptera , 

Lep idoptera , Hemiptera and Hymenoptera 

i n L i g h t - t r a p from November, 1979 t o 

October, 1981; 
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During the f i r s t year monthuise t o t a l ca tch ' 

and i t s percentage to the t o t a l annual catch uere 

as follows : June 12 (42.86^), Duly 10 (35.'71^), 

August 6 (21*'43^) and uere absent for the r e s t of 

the months. During the second year monthuise t o t a l 

catch and i t s percentage to the t o t a l annual catch 

uere as follous S Oune 20 (54,'05^), Duly 7 (l8.'92?S), 

August 8 (2l'i'62^) and uere absent for the t e s t of 

the months, 

5, Drosophilidae — The family comprised of 

17 numbers and 0,43^ of the t o t a l annual Diptera 

catch during the f i r s t year.' During the second year 

i t comprised of 29 numbers and 0.88^ of the t o t a l 

annual Diptera catch. 

During the f i r s t year monthuise t o t a l catch 

and i t s percentage to the t o t a l annual catch uere 

as follous i ajne 3 (17/65^), 3uly 4 (23,535^), August 

10 (58,825^) and uere not found in the samples of the 

r e s t of the months. During the second year monthuise 

t o t a l catch and i t s percentage to the t o t a l annual 

catch uere as follous : Dune 9 (31.'03^), Duly 12 

(41.38^), August 8 (27.59^) and uere absent for the 

r e s t of the months, 

LEPIDOPTERA : 

During the f i r s t year the order comprised of 

1190 numbers and ^2,9^% of the t o t a l annual insec t 
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catch. During the second year it comprised of 425 

numbers and 6»"15/o of the total annual insect catch„ 

(Tables 5.1, "S.2 and Figures 5.1, 5.2),' Monthly 

fluctuation of Lepidoptera for the entire study 

period has been shown in Figure -S.?". 

During the first year the monthuise total 

collection and its percentage to the total annual 

Lepidoptera collection uere as<̂^ follows : November 

14 (1,10^), December 9 (0.76?S), January 10 (o'.'845̂ ), 

February 7 (0.'59^), narch 12 (1.'01$^), April 121 

(10.17^), nay 154 (l2.'94^), June 164 (l3.78^), Duly 

^83 (15.38?S), August 119 (lO.'OO??), September 135 

(11,34^) and October 262 (22.02?o). During the sec­

ond year monthuise total collection and its percen­

tage to the total annual Lepidoptera collection uere 

as follows : November 10 (2,'35^), December 8(1,885^), 

Danuary 11 (2.59^), February 7 (iVsS^), March 11 

(2.59^), April 27 (5,35^), May 29 (6."82^), Dune 39 

(9.18^), Duly 47 (11.06?2), August 65 (l5.29^), Sep­

tember 112 (26^35^) and October 59 (^Z,'88%), 

The relative abundance of Lepidoptera was 

minimum in February with 7 (0,59/^) and maximum in 

October with 262 (22.02?2) during the first year.' 

During the second year the relative abundance was 

minimum in February with 7 (l,'655̂ ) and maximum in 

September with 112 (26.35^), In the first year 
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there uere three peaks of catch in January 10 (O,' 

Ouly 183 i^S,ZQ%) and October 262 (22.02?$).' There 

uere tuo peaks of catch in January 11 (2.59^) and 

Saptsmber 112 (26.35^) in the second year. 

The re la t ionsh ip between the monthly 

r e l a t i v e abundance of Lepidoptera and cer ta in env/iron-

mental factors have been presented in Tables "5.'4- and 

r5.5" for f i r s t and second year, respectively^^^ During 

the f i r s t year average monthly minimum temperature 

did not shou any s ign i f ican t r e la t ionsh ip while 

average monthly maximum temperature shoued s i g n i ­

f icant pos i t ive re la t ionsh ip a t 0.05% leve l ; average 

monthly minimum r e l a t i v e humidity shoued s ign i f i can t 

pos i t ive re la t ionsh ip a t 0.05/S level while average 

monthly maximum r e l a t i v e humidity and monthly t o t a l 

r a i n f a l l did not shou any s ign i f i can t r e l a t ionsh ip 

a t 0.01% and 0.05% leve l s . During the second year 

average monthly minimum and maximum temperature 

shoued s ign i f ican t pos i t ive re la t ionsh ip a t 0.01% 

leve l ; average monthly minimum and maximum r e l a t i v e 

humidity and monthly t o t a l r a i n f a l l did not shou 

any s ign i f i can t re la t ionsh ip a t 0.01% and 0.05% 

levels . ' 

The iden t i f i can t ion of the order reveals 

tba t the col lec ted samples cons is t of nine famil ies , 

namel^., Pyral idae, Noctuidae, Geometridae, Notodontidae, 
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Cossidae, Syntomidae, Yponomentidae, Zygaenidae and 

Sphingidae, The moothuise fluctuation of different 

families has been shown in Figure 5.6 . 

During the first year the total catch ;• 

of each family and their percentage to the total annual 

Lepidoptera catch were as follows : Pyralidae 441 

(37.05?S), Woctuidae 337 (28.'315̂ ), Geometridae 309 

(25.95?S), Notodontidae 41 (3,"44^), Cossidae 29(2'.'43?S), 

Syntomidae 14 (lolT^S), Yponomentidae 13 (l,'09^), 

Zygaenidae 5 (0.42^) and Sphingidae 1 (0,'08̂ ).' During 

the second year the total catch of each family and 

their percentage to the total annual Lepidoptera 

catch uere as folloua : Pyralidae 157 (36.94^), 

Noctuidae 131 (30.82?5), Geometridae 98 (23.-'o5̂ ), 

Notodontidae 18 (4,'23^), Syntomidae 6 (l.'41^), 

Cossidae 6 (l.'41^), Zygaenidae 5 (1,17^) and 

Yponomentidae 4 (0,''g4̂ ). 

The relative abundance of different 

families uere as follows : 

1, Pyralidae ~ It was the most dominant 

family during the entire experimental period among 

the Lepidoptera, 

During the first year monthuise total catch 

and its percentage to the total annual catch uere as 

follows : November 3 (0.68^), December 2 (O.45^), January 



Figure^?v6; J^^onthuise t o t a l c o l l e c t i o n o f P y r a l i d a e , 

Moctuidae, Geometrldas, Notodont idae, 

Cossidae, Syntomidae, Zygaenidae and 

Sphingidae i n L i g h t - t r a p from November,' 

1979 to October, 1981. 
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2 ( 0 . 4 5 ^ ) , February 3 (O.'SB^), narch 4 (0.91?^), 

A p r i l 12 (2.72!^) , May 57 (15. '19^) , Dune 68 ( l 5 / 4 2 ^ ) , 

Duly 94 (21 .32^ ) , August 50 ( 1 1 , 3 4 ^ ) , September 55 

(12 ,47^) and October 81 ( 1 8 , 3 7 ^ ) , During the second 

year monthuise t o t a l catch and i t s percentage to 

the t o t a l annual catch uere as f o l l o u s : November 

2 ( 1 , 2 7 ^ ) , December 3 ( l . ' g i ^ ) , Danuary 4 (2.'55?S), 

February 3 ( l . ' 9 1 ^ ) , March 3 ( l . ' 9 1 ^ ) , A p r i l 6 

(3.'829S), May 12 (7.64^2), Dune 17 (10;83?S), Duly 

29 ( 1 8 . 4 7 ^ ) , August 20 (12.74?S), September 38 

(24 .20^) and October 20 (12.749?). 

The r e l a t i v e abundance of P y r a l i d a e 

uas minimum i n December and Danuary u i t h 2(0, '45^) 

i n each month and maximum i n Duly u i t h 94 (21,32/S) 

dur ing the f i r a t year . During the second year the 

r e l a t i v e abundance uas minimum i n November u i t h 

2 ( l . ' 27^ ) and maximum i n September u i t h 38(24, '20^). ' 

Dur ing the f i r s t year there uere tuo peaks o f catch 

i n Duly 94 (21 ,32^ ) and October 81 (18. '37^) . Dur ing 

the second year the re uere t h r e e peaks o f catch i n 

Danuary 4 ( 2 . 5 5 ^ ) , Duly 29 (18 .47^ ) and September 

38 (24. '20^) . 

2 . Noctuidae — Dur ing the f i r s t year 

monthuise t o t a l catch and i t s percentage to the 

t o t a l annual catch uere as f o l l o u s : November 4 

(1 , '19^) , December 4 ( l . ' 1 9 ^ ) , Danuary 4 {^J^9%), 

February 2 ( 0 . 5 9 ^ ) , March 3 (O. 'ag^), A p r i l 26 

( 7 . 7 2 ^ ) , nay 30 ( 8 . 9 0 ^ ) , Dune 68 (17.^21^), Duly 



71 

44 (13,^06^), August 46 ( 1 3 . 6 5 ^ ) , September 44 (^3,'06%) 

and October 72 (21,'36/S), During the second year month-

u i s e t o t a l catch and i t s percentage to the t o t a l annual 

catch uere as f o l l o u s : November 4 (3,05/S), December 

2 (1.53?S), January 3 i2'j29%), February 2 ( l . ' 5 3 ^ ) , ' March 

3 ( 2 . 2 9 ^ ) , A p r i l 8 (6,'115^), May 7 (5.'34?S),' Dune 12 

(9.'1S?S), Duly 4 (3.'05:^), August 28 (21 .37^ ) , September 

37 (28 .24^ ) . ' and October 21 (l6.'03:5$). 

The r e l a t i v e abundance o f Noctuidae uas 

minimum i n February w i th 2 ( 0 , 5 9 ^ ) and maximum i n 

October u i t h 72 (21 ,36^ ) dur ing the f i r s t year. ' During 

the second year the r e l a t i v e abundance uas minimum i n 

December and February u i t h 2 (l';'53/S) i n each month and 

maximum i n September u i t h 37 (28,•24^), There uere th ree 

peaks o f catch i n Dune 58 (^7,2^%), August 46 (13/55^) 

and October 72 i^6\'0^5%) dur ing the f i r s t year. ' During 

the second year t he re ueref ru.^ four peaks o f catch i n 

January 3 (2.'29?2), A p r i l 8 (6 .11:^) , Dune 12 (gV l6^ ) 

and September 37 (28.2452). 

3. Geometridae ~ The monthuise t o t a l 

Geometridae catch and i t s percentage to the t o t a l 

annual catch du r ing the f i r s t year uere as f o l l o u s : 

November 5 ( l . - 5 2 ^ ) , December 3 (0 , '97^) , January 3 

(O.975S), February 2 (O.SS^S), March 5 (^l'S2%), A p r i l 

74 (23.955S), May 41 (13.'27>S), 3une 34 ( 1 1 . 0 0 ^ ) , 3uly 

41 (13.'27,^), August 14 (4.'5352), September 22 (7^'l25S) 
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and October 65 ( 2 1 , 0 4 ^ ) . During the second year 

monthulse t o t a l ca tch and i t s pe rcen tage to t h e 

t o t a l annual ca tch uere as fol lows : Nov/ember 3 

(3.065^), December 3 ( 3 . 0 6 ^ ) , January 3 (3. '06^) , 

February 1 (1.02?S), narch 5 ( 5 . 1 0 ^ ) , Apr i l 7 

(7.14?S), nay 5 {5J^0%), 3une 11 (11.22?S), Duly 

9 (9.18^5), August 9 ( 9 , 1 8 ^ ) , September 34 (34.^69?S) 

and October 10 ( 1 0 . 2 0 ^ ) . 

The r e l a t i v e abundance of Geometridae 

was minimum in February with 2 (0.'65^) and maxi­

mum in Apr i l with 74 (23.95^) during the f i r s t year, 

During the second year the r e l a t i v e abundance was 

minimum in February u i t h 1 ( l . 0 2 ^ ) and maximum in 

September u i t h 34(34,69/^), There were t h r ee peaks 

of catch in Apr i l 74 (23, '95^), Duly 41 (13 .27^) 

and October 65 (21.'04/o) during t h e f i r s t year . 

During the second year the t h r e e peaks of ca tch 

uere in Apr i l 7 ( 7 , 1 4 ^ ) , Dune 11 (11.'22^) and 

September 34 (34 .69^ ) . ' 

4, Notodontidae — The monthuise t o t a l 

catch of Notodontidae and i t s pe rcen tage to the 

t o t a l annual ca tch " i n the f i r s t year uere as 

follows : Duly 4 (9, '76^) , August 5 (12^20^), ' Sep­

tember 10 (24,395^) and uere absen t i n the samples 

of the r e s t of t he months. During the second year 

the monthuise t o t a l catch and i t s p recen tage to 

t h e t o t a l annual ca tch uere • as follows : Dune 1 
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(S.Be^!^), 3uly 3 (16.675^), August 6 (33.'33?S), Sep­

tember 2 ( 1 1 , 1 1 ^ ) , October 6 (33V33?^) and uere 

absen t in the samples for the r e s t of t he months. 

5, Cossidae ~ The monthuise t o t a l ca tch 

of Cossidae and i t s percentage to the t o t a l annual 

ca tch in the f i r s t year uere as follows : August 3 

( 1 0 . 3 4 ^ ) , S eptember 4 (13.79?^), October 22 (75.'86^) 

and uere absen t in the samples of the r e s t of the 

months. During the second year t h e monthuise t o t a l 

ca tch and i t s pe rcen tage to the t o t a l annual ca tch 

uere as follows S August 2 (33,33^0» September 3 

( 5 0 . 0 0 ^ ) , October 1 (16.'67^) and uere absent in the 

samples of the r e s t of the months, 

6, Syntomidae — The monthuise t o t a l catch 

of the family and i t s percentage to the t o t a l annual 

ca tch during the f i r s t year ue re as fo l lous ; Apr i l 3 

( 21 .43^ ) , f̂ lay 9 (64 ,29^ ) , :}une 2 (14,'29,^) and uere 

not found in the samples of the r e s t of the months. 

During the second year the monthuise t o t a l ca tch and 

i t s percentage t o the t o t a l annual catch uere as 

f o l l o u s : 3anuary 1 (16 .67^ ) , ^ay 3 (5.-00?S), Dune 2 

(33,33?2) and uere not found in t h e samples of the 

r e s t of t he months, 

7, Yponomentidae — The monthuise t o t a l 

ca tch of the family and i t s pe rcen tage to t h e t o t a l 
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annual catch uere as follous : April 4 (30.77^), 

riay 7 (53,85;^), Dune 2 (15.'38^) and uere not found 

in the samples of the r e s t of the months, during 

the f i r s t year. During the second year the monthuise 

t o t a l catch and i t s percentage to the t o t a l annual 

catch uere as follous : April 2 (50,00^), Play 2(50.00^) 

and uere not found in the samples of the r e s t of the 

months.' 

8.- Zygaenidae — The monthuise t o t a l 

catch of the family and i t s percentage to the t o t a l 

annual catch during the f i r s t year uere as follous : 

November 2 (40.00^) , Danuary 1 (20.00^), ' April 2 

(20,00^) and uere absent in the samples of the r e s t 

of the months. During the second year the monthuise 

t o t a l catch and i t s percentage to the t o t a l annual 

catch uere as follous : Mov/ember 1 (20,00f3), April 

4 (80.00/S) and uere absent in the samples of the r e s t 

of the months, 

9. Sphingidae -'- This family uas r e ­

presented by a s ing le catch in August during the 

f i r s t year. During the second year no Sphingidae uas 

caught. 

HYHENOPTERA : 

The order comprised of 979 numbers of 

individuals and 10,76^ of the t o t a l annual insec t 
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collection in the first year.' In the second year 

the order comprised of 880 numberscof individuals 

and 12^76^ of the total annual insect catch in 

that year. The monthly fluctuation of Hymenoptera 

for the entire study period has been shown in 

Figure ^/S. 

During the first year monthuise total 

collection of Hymenoptera and its percentage to 

the total annual collection uere as follous 5 Novem­

ber 23 (2,'355S), December 5 (oVSI^S), Danuary 6(o'.''61?S),' 

February 10 (1.'02^), Flarch 10 (lV02^), April 96 

(9.'ai^), nay 122 (12.'46^), Dune 167 (17.05^), Duly 

215 (21,-96?2), August 20 (2v02^)V September 275 

(28,19^) and October 29 (2.95^).' During the second 

year monthuise total collection and its percentage 

to the total annual collection uere as follous; 

November 27 (3;'03^), December 6 (0,'68^), Danuary 

5 (Q.'57??), February 9 (l'^02?S), March 11 (l.'25^), 

April 95 (lO'.'SO^), May 84 (9,'55^), Dune 139( 15.'80??), 

Duly 209 (23."75^), August 29 (3.30^), September 

227 (25;'80^) and October 39 (4.''43^)/ 

During the first year the relative 

abundance of Hymenoptera uas minimum in December 

uith 5 (0.51^) and maximum in September uith 276 

(28,'19^). Thee relative abundance during the sec­

ond year uas minimum in Danuary uith 5 (0.'57^) 

and maximum in September uith 227 (25.^80^), In 
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the f i r s t year the re uere tuio peaks o f catch i n " ' ' I 

Duly 215 (21.^96^) and September 276 (28: '19^) . I n the 

second year a l s o , the tu/o peaks o f catch uere i n Cbly 

209 (23 .75^) and September 227 ( 2 5 . 8 0 ^ ) . 

The r e l a t i o n s h i p o f the t o t a l Hymenoptera 

catch and c e r t a i n envi ronmenta l f ac to r s have been 

shoun i n Tables '5o1 and 5.2 f o r the two years , respec­

t i v e l y . During the f i r s t year the monthly average 

minimum and maximum temperature, monthly average m i n i ­

mum r e l a t i v e humid i t y showed s i g n i f i c a n t p o s i t i v e 

r e l a t i o n s h i p a t 0,055^ l e v e l ; u h i l e the monthly avera­

ge maximum r e l a t i v e humid i t y and the monthly t o t a l 

r a i n f a l l d i d not shou any s i g n i f i c a n t r e l a t i o n s h i p a t 

0 , 0 1 ^ and 0.05^ l e v e l s . During the second year the 

monthly average minimum and maximum temperature, the 

monthly average minimum and maximum r e l a t i v e humid i t y 

shoued s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p a t 0 .05^ l e v e l 

u h i l e the monthly t o t a l r a i n f a l l d i d not shou any 

s i g n i f i c a n t r e l a t i o n s h i p a t 0 , 0 1 ^ and 0,05^ l e v e l s . 

The c o l l e c t e d Hymenoptera cons i s t o f th ree 

f a m i l i e s , namely, Pormicidae, Cynipldae and Uespidae, 

Monthuise f l u c t u a t i o n o f each f am i l y f o r the e n t i r e 

study pe r iod has been shoun i n F igure ?.?. 

T o t a l catch o f each fami l y and i t s per ­

centage to the t o t a l annual Hymenoptera catch dur ing 



Figure s - j : Plonthuise f l u c t u a t i o n of Cynlpidae, 

Vespidae and Formicidae in L i g h t - t r a p 

from November, 1979 to October, 1981, ' 
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t h e f i r s t year u s r e as fo l lous J Formicidae 914 

( 9 3 . 3 6 ^ ) , Cynipidae 43 (4 .39^) and Uespidae 22 

(2 , '24^) . During t h e second year the t o t a l catch of 

each family and i t s percentage to the t o t a l annual 

Hymaooptera catch uere as fo l l ous : Formicidae 828 

(94.Q9?2), Cynipidae 33 (3,75?0 and Vespidae 19 

(2.15?^). 

The r e l a t i v e abundance of d i f f e r e n t 

f ami l i e s during the e n t i r e s tudy pe r iod uere as 

f o l l o u s : 

1, Formicidae — This uas the most 

dominant family during the exper imenta l pe r iod 

among the Hymenoptera, 

During the f i r s t year t h e monthuise 

t o t a l catch and i t s pe rcen tage to the t o t a l annual 

ca tch of the family uere as f o l l o u s i November 17 

( 1 . 8 6 ^ ) , December 3 ( 0 , 3 3 ^ ) , Danuary 4 ( 0 . 4 4 ^ ) , 

February 7 ( 0 . 7 7 ^ ) , March 7 (0.777^), Apri l 88 

(9.63%), nay 112 (12.25%), 3une 152 (16.63%), 3uly 

203 (22.21%), August 18 (1.97%), September 274 

(29.93%) and October 29 (3.17%), The monthuise t o t a l 

catch and i t s pe rcen tage to the t o t a l annual catch 

of the family dur ing the second year ue re as f o l l o u s : 

November 20 (2.42%), December 4 (0,48%), January 5 

(0.60%), February 7 (0.85%), Inarch 8 (0.97%), Apr i l 

31 (9.78%), nay 77 (9,30%), 3une 13-4 (16.18%),, July 
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203 (24 ,52^ ) , August 25 {3.'^A%), September 224 

(27 .05^ ) and October 39 (4,71?S). 

The r e l a t i v e abundance o f Formlcidae 

uas minimum i n December u i t h 3 (0 ,33^ ) and maximum 

i n September u i t h 274 (29.98^) dur ing the f i r s t 

year . During the second year the r e l a t i v e abundance 

uas minimum i n December •'. u i t h 4 (0o43J^) and max i ­

mum i n September u i t h 224 ( 2 7 , 0 5 ^ ) , There uere tuo 

peaks o f catch i n Ju ly 203 (22.'21,^) and September 

274 (29.^98^) dur ing the f i r s t year. ' During the sec­

ond year a l so , the tuo peaks o f catch uere i n Duly 

203 (24.52?S) and September 224 (27.05^!?). 

2. Cynipidae — The monthuise t o t a l 

Catch o f Cynipidae and i t s percentage to the t o t a l 

annual catch dur ing the f i r s t year uere gs f o l l o u s : 

November 6 ( l3.955b), December 2 (4.65.':$), January 2 

(4.S5?2), February 3 (6.98;^) , Harch 3 ( 6 . 9 8 ^ ) , A p r i l 

5 (11.63,^), ^ay 6 ( 1 3 . 9 5 ^ ) , June 11 (25.58?^), Ju ly 

5 (11, '63^) , August 0 (0.00?J), Septemb'er 0 (O.'Oo:^) 

abd October 0 (O.OO^). During the second year the 

monthuise t o t a l catch and i t s percentage to the t o t a l 

annual catch uere as f o l l o u s ; November 7 (21.21/2), 

December 2 ( 6 . 0 6 ^ ) , January 0 (0,00^^), February 2 

(6.06?S), r^arch 3 ( 9 . 0 9 ^ ) , A p r i l 9 (27.~27^), Way 3 

( 9 . 0 9 ^ ) , June 3 ( 9 . 0 9 ^ ) , July 4 (^2^'^2%), August 0 

(O.'OO^), September 0 (0.00?S) and October ^ (O.'OO^). 
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The r e l a t i v e abundance o f Cynipidae 

uas minimum rUn December and 'January u i t h 2 (4 ,65^ ) 

i n each month and maximum i n Dune u i t h 11 (25 ,58^) 

du r ing the f i r s t year . During the second year the 

r e l a t i v e abundance uas minimum i n December u i t h 4 

(0 .48^ ) and maximum i n September u i t h 224 (27,05/?;), 

There uere tuo peaks of catch du r ing the f i r s t year 

i n 3une 11 (25.58?5) and November 6 (13 ,95^ ) , ' During 

the second year the tuo peaks uere i n 3uly 203 

(24.52?$) and September 224 (27,05,-^). 

3, Uespidae ~ The monthuise t o t a l catch 

o f Vespidae and i t s percentage to the t o t a l annual 

catch dur ing the f i r s t year uere as f o l l o u s : Novem­

ber 0 (0^.'00?S), December 0 {0;00%), January 0 (O.OO^), 

February 0 (O.OO^), Harch 0 (O.'OO^), A p r i l 3 ( 1 3 , 6 4 ^ ) , 

Hay 4 ( 1 8 . 1 3 ^ ) , Dune 4 (18.13?5), Duly 7 (3l ' . '32^i), 

August 2 ( 9 . 0 9 ^ ) , September 2 (9 ,09^ ) and October 0 

(O.OO^). During the second year the monthuise t o t a l 

catch o f the f a m i l y and i t s percentage to the t o t a l 

annual catch uere as f o l l o u s : November 0 (O.'OO^), 

December 0 (O.OO^), January 0 (O.'OO??), February 0 

(0,00?S), March 0 (O.OO^), A p r i l 5 ( l 0 . 5 3 ^ ) , Hay 4 

(21.05%), 3uns 2 (l0.'53?2), 3uly 2 ( 1 0 . 5 3 ^ ) , August 

3 (15,79/^) , September 3 (15 .79^) and October 0{0,^00%),' 

The r e l a t i v e abundance o f Uespidae uas 

minimum i n August and September u i t h 2 (9.09/5) i n 
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each month and maximum in Duly u i t h 7 (31,'82^) during 

the f i r s t yea r . During t h e second year the r e l a t i v e 

abundance uas minimum in 3une and 3uly u i th 2 (10,'53/S) 

in aach month and maximum in Apr i l 5 (25.32/5), There 

uas a s i n g l e peak of catch in Duly 7 (31,82^) in the 

f i r s t year . In the second year t h e r e uera tuo peaks 

of catch in Apr i l 5 (25.32^) and September 3 ( l 5 . ' 79^ ) . 

HEf^lIPTERA : 

Hemiptera comprised of 1028 numbers of 

i n d i v i d u a l s and 11 ,17^ of the t o t a l annual i n s e c t catch 

of the f i r s t year and of 350 numbers of i n d i v i d u a l s 

and 12,76^ of the t o t a l annual i n s e c t catch of the 

second year . The monthly f l u c t u a t i o n of the order in 

l i g h t - t r a p c o l l e c t i o n for the e n t i r e study pe r iod 

have been shoun in Tables '5. ' ! , 5.2 and Figures ^ . 1 , ^ . 2 . 

and S',5-

During the f i r s t year monthuise t o t a l 

c o l l e c t i o n of Hemiptera and i t s pe rcen tage to the 

t o t a l annual c o l l e c t i o n were as f o l l o u s : November 

302 (29 .38^ ) , December 15 (l .46?S), Danuarv 5 (0.49^^), 

February 5 (0.'495^), March S (O.'saj^), Apr i l 63 ( 6 . 0 3 ^ ) , 

nay 92 ( 8 . 9 5 ^ ) , Dune 51 ( 4 . 9 6 ^ ) , Duly 58 (S .Si ;?) , 

August 27 (2,535?), September 40 (3 ,89^) and October 

355 (34,53?a). During the second year monthuise t o t a l 

c o l l e c t i o n and i t s percentage to the t o t a l annual 

c o l l e c t i o n uere as follows i November 272 (32.'OO;^), 
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December 14 ( l . 5 5 ^ ) , 3anuary 4 (0.47/S), February 6 

( 0 . 7 1 ^ ) , narch 19 ( 2 . 2 4 ^ ) , Apr i l 50 (S . ' sa^) , Hay 90 

(10 .59^ ) , 3une 44 ( 5 . 1 8 ^ ) , Duly 64 (7.53?^), August 

24 ( 2 . 8 2 ^ ) , September 26 (3 .06^) and October 237 

( 2 7 . 8 8 ^ ) , 

The r e l a t i v e abundance of Hemiptera uas 

minimum in January and February u i t h 5 (0.49yS) in 

each month and Ftaximum in October u i th 35S (34 .53^) 

dur ing the f i r s t year . During t h e second year the 

r e l a t i v e abundance uas minimum in January u i th 4 

(0 ,47^) and maximum in Nivember u i t h 272 ( 3 2 , 0 0 ^ ) . 

There uere th ree peaks of catch in Play 92 ( 8 , 9 5 7 Q ) , 

Duly 58 (6.61,^) and October 355 (34.53!^) during the 

f i r s t year . During the second year the t h r e e peaks 

of catch uere in November 272 (32,00,'^), May 90(l0. '5g^) 

and 3uly 64 (7.53;^) , 

The r e l a t i o n s h i p of the monthly t o t a l 

Hemiptera catch and c e r t a i n environmental f a c t o r s 

have been shoun in Tables 4,4- and - .̂-^ for the tuo 

y e a r s . During thee f i r s t year the monthly average 

minimum and maximum tempera ture , minimum r e l a t i v e 

humidity and monthly t o t a l r a i n f a l l did not shou 

any s i g n i f i c a n t r e l a t i o n s h i p a t 0,01% and 0,05/^ 

l e v e l s u h i l e the monthly average maximum r e l a t i v e 

humidity showed s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p 

a t 0,05% l e v e l . During the second year the monthly 
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average minimum and maximum temperature, minimum 

and maximum r e l a t i v e humid i ty and monthly t o t a l 

r a i n f a l l d id not shou any s i g n i f i c a n t r e l a t i o n ­

sh ip a t 0 , 0 1 ^ and O.OB;;'^ l e v e l s . 

The c o l l e c t e d samples o f Hemiptera 

c o n s i s t o f f i v e f a m i l i e s , namely, 3assidae, Coreidae, 

Lygaeidae, n i r i d a e and P entatomidae. The monthuise 

catch f l u c t u a t i o n o f each fam i l y f o r the e n t i r e 

exper imenta l pe r i od has been shoun i n Figure'^ 5.8. 

T o t a l catch o f each fam i l y and i t s 

percentage to the t o t a l annaul Hemiptera catch 

du r ing the f i r s t year were as f o l l o u s ; 3assidae 

911 (8S,61?S), Coreidae 43 ( 4 . 6 6 ^ ) , Lygaeidae 37 

( 3 . 5 9 ^ ) , n i r i d a e 29 {2.82%)., and Pentatomidae 3 

( 0 , 2 9 ^ ) . During th e second year the t o t a l catch 

o f each fami l y and i t s percentage to the t o t a l 

annual Hemiptera catch were as f o l l o u s :3ass idae 

7S9 (90.4?:^), Coreidae 42 (4.94?S), Lygaeidae 26 

(3 . '05^) , r^ i r idae 11 (1.29.^) and Pentatomidae 2 

(0.235^). 

1 . 3assidae — This fam i l y dominated 

the t o t a l Hemiptera c o l l e c t i o n du r ing the e n t i r e 

exper imenta l p e r i o d . 

Dur ing the f i r s t year monthuise t o t a l 

catch of the fami l y and i t s percentage to the t o t a l 



Figure yrgj nonthulse t o t a l co l lec t ion of n i r idae , 

Pentatomidae, 3assida9, Coreidae and 

Lygaeidae in Light- trap from November,' 

1979 to October, 1931.' 
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annual catch uere as '' f o l l o u s : Movember 296 

32.49?S), December 14 ( 1 . 5 4 ^ ) , 3anuary 5 ( 0 . 6 S ^ ) , 

February 4 ( 0 . 4 4 ^ ) , Inarch 5 ( 0 . 5 5 ^ ) , A p r i l 49 

(5.385?), riay 72 ( 7 . 9 0 ^ ) , Dune 33 ( 3 . 6 2 ^ ) , Duly 

39 (4.28?S), August ^ (0.'44?S), September 37(4 .06^) 

and October 352 (38,64?^), During the second year 

monthuise t o t a l catch and i t s percentage to the 

t o t a l annual Jassidae catch uere as f o l l o u s : 

November 260 ( 3 3 . 8 1 ^ ) , December 14 ( 1 . 8 2 ^ ) , Danuary 

4 ( 0 . 5 2 ^ ) , February 6 (0.78?J), March 17 ( 2 . 2 1 ^ ) , 

A p r i l 43 ( 5 . 5 9 ^ ) , Hay 69 ( 8 , 9 7 ^ ) , 3une 38 (4 . ' 94^ ) , 

Duly 52 ( 6 , 7 6 ^ ) , August 13 ( l . 6 9 ^ ) , September 22 

(2 .86^ ) and October 231 (30.04?S). 

The r e l a t i v e abundance o f Dassidae uas 

minimum i n February and August u i t h 4 (0,44/S) i n 

each month and maximum i n October u i t h 352 (38 .64^ ) 

dur ing the f i r s t year . During the second year the 

r e l a t i v e abundance uas minimum i n Danuary u i t h 4 

(0.52?S) and maximum i n November u i t h 260 ( 3 3 . 8 1 ^ ) . 

There uere th ree pea^s o f catch i n riay 72 ( 7 . 9 0 ^ ) , 

Duly 39 (4 .28^) and October 352 (38.64!^) dur ing the 

f i r s t year,^ Dur ing the second year the three peaks 

o f catch uere a lso i n May 69 ( 8 . 9 7 ^ ) , Duly 52(6.*76^) 

and November 260 ( 3 3 . 8 1 ^ ) . 

2 . Coreidae ~ The monthuise t o t a l catch 

and i t s percentage to the t o t a l annual catch of the 
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f a m i l y d u r i n g t h e f i r s t year ue re as f o l l o w s : 

November 6 (12,50??) , December 0 (O.OOI^S), January 

0 (0 .005^) , Feb rua ry 0 (O.OO^) , Inarch 1 ( 2 . 0 8 ^ ) , 

A p r i l 13 ( 2 7 . 0 8 ^ ) , l̂ lay 8 ( l 6 . S 7 ^ ) , 3une 5 ( l O . - i 2 ^ ) , 

Duly 13 ( 2 7 . 0 8 ^ ) , August 2 (4 .175^) , September 0 

(0»00%) and Oc tober 0 (O.DO^) . D u r i n g t h e second 

year t h e mon thu i se t o t a l c a t c h and i t s p e r c e n t a g e 

t o t h e t o t a l a n n u a l c a t c h uere as f o l l o u s : Novem­

ber 12 (28.5752), December 0 (O.OO^S), January 0 

(0,00?S), February 0 (oVoO?S), Inarch 2 (4.76?5), A p r i l 

7 ( 1 6 . 6 7 ? 0 , f-lay 11 (26. '19,^) , June 2 ( 4 / 7 6 ^ ) , Du ly 

8 ( 1 9 . 0 5 ^ ) , August 0 (O.OO^) , September 0 (O.OO^) 

and October 0 (0,"00?2). 

The r e l a t i v e abundance o f Core idae uas 

minimum i n Plarch u i t h 1 ( 2 . 0 0 ^ ) and maximum i n A p r i l 

and 3u l y u i t h 13 ( 2 7 , 0 3 ^ ) i n each month d u r i n g t h e 

f i r s t y e a r . D u r i n g t h e second year t h e r e l a t i v e 

abundance uas minimum i n Inarch u i t h 2 ( 4 . 7 6 ^ ) and 

maximum i n November u i t h 12 (28, '57??). There ue re 

t h r e e peaks o f c a t c h i n November 6 (12,50?S), A p r i l 

13 (27.08?^) and J u l y 13 ( 2 7 . 0 8 ^ ) d u r i n g t h e f i r s t 

y e a r . Du r i ng t h e second year t h e t h r e e peaks ue re 

i n nay 11 (25.1952) , J u l y 8 (19.05^^) and November 12 

(28 .57?2) . 

3 , Lygae idae — The mon thu i se t o t a l c a t c h 

and i t s p e r c e n t a g e t o t h e t o t a l a n n u a l c a t c h o f t h i s 
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f ami ly d a r i n g t h e f i r s t year u e r e a s f o l l o u s J 

November 0 (O.OD^) , December 0 (O.'OO^), J a n u a r y 

0 (0.00?S), F e b r u a r y 0 (O^OO^), Flarch 0 (O.'OO^), 

A p r i l 0 (0 .00?2) , r%y 5 ( l3 .51?S) , 3une 4 ( lO. 'Oi;^) , 

3u ly 5 (^6,22%), August 15 ( 4 3 ; ' 2 4 ^ ) , September 3 

( 8 . 1 1 ^ ) and Oc tobe r 3 (Q,^^%). Dur ing t h e s econd 

y e a r t h e mon thu i se t o t a l c a t c h and i t s p e r c e n t a g e 

t o t h e t o t a l a n n u a l c a t c h u e r e a s f o l l ows : Novem­

b e r 0 ( 0 . 0 0 ^ ) , December'^O (O.OO^), J a n u a r y 0 (O.'OO^), 

F e b r u a r y 0 (O.OO^), March 0 (O.'OO^), A p r i l 0 (O.OO^), 

nay 6 ( 2 3 . 0 8 ^ ) , 3une 3 ( 1 1 . 5 4 5 0 , J u l y 2 ( 7 . ' 6 9 ^ ) , 

August 5 (19.235^) , September 4 ( 1 5 . 3 8 ^ ) and 

Oc tobe r 6 ( 2 3 . 0 8 ^ ) . 

The r e l a t i v e abundance of Lygae idae 

u a s minimum i n J u l y u i t h 2 ( 7 . 6 9 ^ ) and maximum 

i n Hay amd Oc tobe r u i t h 6 ( 2 3 , 0 8 ^ ) i n each month 

d u r i n g t h e f i r s t y e a r . During t h e second y e a r t h e 

r e l a t i v e abundance uas minimum i n J u l y u i t h 2 

(7,695^) and maximum c a t c h uas i n May and Oc tobe r 

u i t h 6 (23,08/2) i n each month. There u e r e t u o p e a k s 

of c a t c h i n May 5 ( l 3 . 5 1 ^ ) and August 16 ( 4 3 . 2 4 ^ ) 

d u r i n g t h e f i r s t y e a r . During t h e second yea r t h e r e 

u e r e t h r e e p e a k s of c a t c h i n May 6 (23.DB%), August 

5 (19.23?S) and Oc tobe r 6 (23.0873) . 

4 , M i r i d a e —The m o n t h u i s e t o t a l c a t c h 

and i t s p e r c e n t a g e t o t h e t o t a l a n n u a l c a t c h of t h e 
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family during the f i r s t year were as follows : Tlay 

7 ( 2 4 . 1 4 ^ ) , June 9 ( 3 1 . 0 3 ^ ) , Duly 10 (34 .48^ ) , August 

3 (I0.34/o) and were not found in the samples of the 

r e s t of the months. During the second year the month-

u i s e t o t a l catch and i t s pe rcen tage to the t o t a l 

annual catch uere as follows : Play 4 (36,361^), 3une 

1 (9.0g?2), Duly 2 (I8.18?b) and August 4 (36.36^) and 

were not found in the samples of t h e r e s t of t he months, 

5 . Pentatomidae — During the f i r s t year 

the monthuise t o t a l catch and i t s percentage to the 

t o t a l annual catch uere as fol lows : February 1 (33 ,33^) , 

August 2 (66.67^) and were not found in the samples 

of the r e s t of the months. During t h e second year the 

family was r e p r e s e n t e d by a s i n g l e catch in August and 

were absent in the r e s t of the months, 

COLEDPTERA : 

This o rder comprised of 1537 numbers of 

i n d i v i d u a l s and 15 ,68^ of the t o t a l annual i n s e c t 

c o l l e c t i o n in the f i r s t year and 919 numbers of 

i n d i v i d u a l s and 13.33/3 of the t o t a l annual i n s e c t 

c o l l e c t i o n in the second year . The monthly f l u c t u a t i o n 

of Coleoptera for the e n t i r e s tudy per iod have bee'̂  

shown in Tables - 5 , 1 , 5.2 and Figures •5 ,1 , 5.2 and 3»^-

During the f i r s t year the monthwise t o t a l 

c o l l e c t i o n of Coleoptera and i t s pe rcen tage to the 
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t o t a l annual c o l l e c t i o n of the order uere as follows : 

November 161 ( 1 0 . 4 7 ^ ) , December 20 ( l ,"20^) , 3anuary 

10 ( 0 . 6 5 ^ ) , February 3 ( 0 . 2 0 ^ ) , riarch 19 ( l . "24^) , Apr i l 

130 ( 8 . 4 6 ^ ) , nay 152 (10. '54^), 3une 121 (^7.'87^), 3uly 

142 (9. '24^) , August 30 ( l . ' gS^) , September 20 (l.'30?J) 

and October 719 ( 4 6 . 7 8 ^ ) , During the second year month-

u i s e t o t a l c o l l e c t i o n and i t s pe rcen tage to the t o t a l 

annual c o l l e c t i o n uere as fo l lous : November 65(7»07^), 

December 2 (O/22/S), January 9 ( 0 . 9 8 ^ ) , February 8 

(0.875^), March 10 ( l . ' 0 9 ^ ) , Apr i l 108 (l1. ' '75^), May 

150 (16 .32^ ) , June 129 ( l4 , ' o4^) , Duly 164 (17. '85^) , 

August 48 ( 5 . 2 2 ^ ) , September 26 (2.'83?2) and October 

200 (21.76::$), 

The r e l a t i v e abundance of Coleootera 

uas minimum in February u i th 3 (O*. 20^) and maximum 

in October u i th 719 (45,78^) dur ing the f i r s t year. ' 

During the second year the r e l a t i v e abundance uas 

minimum in December u i th 2 (0 .22^) and maximum in 

October u i th 200 (21.76:;5). There uere t h r e e peaks 

of catch in May 162 (10 .54^ ) , Duly 142 (9 .24^) and 

October 719 (46 .78^) in the f i r s t yea r . In the s e c ­

ond year t h e r e uere f ive peaks of catch in January 

9 ( 0 . 9 8 ^ ) , riarch 10 ( l . ' 09^ ) , nay 150 (16 ,32^ ) , Duly 

154^(17,85^) and October 200 ( 2 1 . 7 6 ^ ) . 

The r e l a t i o n s h i p of t h e monthly t o t a l 

Coleoptera c o l l e c t i o n and c e r t a i n environmental 
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Factors have been shoun in Tables 3,1 and 3,2 for 

the ent i re experimental period. During the f i r s t 

year monthly average minimum and maximum temperatflre, 

minimum and maximum re l a t i ve humidity and monthly 

t o t a l r a i n f a l l did not shou any signi^'icant pos i t i ve 

re la t ionship a t O.OT^ and 0,D5?^ l eve l s . During the 

second year the monthly average minimum temperature 

and maximum r e l a t i v e humidity shoued "significant 

pos i t ive re la t ionship a t 0,05"^ leve l hut maximum 

temperature, minimum re l a t i ve humidity and monthly 

t o t a l r a in fa l l did not shou any s ign i f ican t pos i t i ve 

re la t ionship a t 0.01'?? and 0.05^ l eve l s . 

The Coleoptera col lected in the 

l i g h t - t r a p comprised of twelve famil ies , namely, 

Nit idul idae, Curculionidae, Chrysomellidae, Ela-

t e r idae , Byrrhldae, Carabidae, Coccinellidae, 

Gerridae, Cerambicidae, Lymaxylidae, Tenebrio-

nidae and Staphylinidae. The monthuise catch 

f luctuat ion of d i f ferent families for the 

en t i r e experimental period have been presented 

in Figures 4-,3 and 4.10. 

Total catch of each of the family 

and i t s percentage to the t o t a l annual Coleoptera 

catch during the f i r s t year uere as follows : 

Nit idulidae 508 (33.05^), Curculionidae 363 

(26.61TS), Chrysomellidae 286 (18.60^), Elater idae 



Figure 5,"^ : Plonthuise t o t a l co l lec t ion of Nit idul idae, 

Carabidae, Gerridae, Curculionidae and 

Chrysomelidae in Light- t rap from Moverobar^ 

1979 to October, 1981-.-
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Figure .5,fo ! nonthu isg t o t a l c o l l e c t i o n o f By r rh idae , 

Cerambicidae, Lymaxyl idae, S t e p h y l i n i d a e , 

E l a t e r l d a e , Cocc ine l l i dae and t e n e b r i o -

nidae i n L i g h t - t r a p from Movember, 1979 

to October, 1981-. 
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118 ( 7 . 6 7 ^ ) , B y r r h i d a e 111 {1,12%), C a r a b i d a e 101 

{6,51%), C o c c i n e l l i d a e 34 ( 2 . 2 1 ^ ) , G e r r i d a e 8 

( 0 . 5 ? : ^ ) , C e r a m b i c i d a e 3 ( 0 , 1 9 ^ ) , Lymexyl idae 3 

( 0 , 1 9 ^ ) and S t a p h y l i n i d a e 2 ( 0 . 1 3 ^ ) . During t h e 

second year t o t a l c a t c h of each fami ly and i t s 

p e r c e n t a g e t o t h e t o t a l a n n u a l c a t c h u e r e a s 

f o l l o u s : N i t i d u l i d a e 219 ( 2 3 . 8 3 ^ ) , C u r c u l i o n i d a e 

363 ( 2 6 . 6 1 ^ ) , C h r y s o m e l l i d a e 135 ( l 4 . 6 8 ^ ) , E l a -

t e r i d a e 114 ( 1 2 . ^ 0 ^ ) , B y r r h i d a e 85 ( 9 . 2 4 ^ ) , Ca ra ­

b i d a e 69 (7 .50fS) , C o c c i n e l l i d a e 32 (3.'48?S), G e r r i ­

dae 11 ( 1 . 1 9 , ^ ) , Ce rambic idae 13 (1 .41?^) , Lymexy l i ­

dae 3 (0.32?^) and S t a p f ^ y l i n i d a e 1 (O.IOUJ). 

1 . N i t i d u l i d a e — Dur ing t h e f i r s t 

y e a r m o n t h i i s e t o t a l c a t c h and . j i t s p e r c e n t a g e to 

t h e t o t a l a n n u a l c a t c h u e r e a s f o l l o u s s Nouember 

59 ( 1 3 . 5 8 ^ ) , December 12 ( 2 . 3 5 ^ ) , J a nua ry 4 (O.Vg'^), 

F e b r u a r y 0 (O.OO^), f^arch 5 {0,9Q%), A p r i l 21 ( 4 . 3 0 ^ ) , 

r-iay 46 ( 9 . 0 5 ^ ) , 3une 36 ( 7 . 0 9 ^ ) , Duly 40 ( 7 . 8 7 ' ^ ) , 

August 6 ( 1 , 1 8 ^ ) , September 3 (0 .59;^) and Oc tober 

266 (52 ,36 f j ) . Dur ing t h e second yea r mon thu i s e t o t a l 

c a t c h and i t s o e r c e n t a g e t o t h e t o t a l a n n u a l c a t c h 

u e r e a s f o l l o u s : November 21 (9 .59fo) , December 2 

( 0 . 9 1 ? 0 , J anua ry 7 (3 .20??) , F e b r u a r y 0 (0.00$^), Harch 

2 (O.gi^iS), A p r i l 20 ( 9 . 1 3 ^ ) , flay 35 ( lS .98 f^ ) , 3une 

45 ( 2 1 . 0 0 ^ ) , 3uly 36 ( 1 5 . 4 4 ^ ) , August 4 ( 1 . 8 3 ^ ) , 

September 0 (0.00:?J) and October 46 ( 2 1 . 0 0 , ^ ) . 
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Tha r e l a t i v e abundance of M i t i d u l i d a e uas 

minimum i n Sep tember u i t h 3 ( 0 , 5 9 ^ ) anr! maximum i n 

Oc tobe r wi th 266 (52.36?2) d u r i n g t h e f i r s t y e a r . 

Dur ing t h e second y e a r t h e r e l a t i v e abundance uas 

minimum i n December u i t h 2 ( 0 . 9 1 ^ ) and maximum in 

3une and Oc tober u i t h 46 (21,00!^) i n each month. 

There u e r a t h r e e p e a k s of c a t c h i n '"ay ^^6 ( 9 . ' 0 6 ^ ) , 

Duly 40 ( 7 . 8 7 ^ ) and October 255 ( 5 2 . 3 6 ^ ) d u r i n g t h e 

f i r s t y e a r . Dur ing t h e second yea r t h e t h r e e p e a k s 

u e r e i n J anua ry 7 ( 3 . 2 0 ^ ) , 3une 46 (21.005^) and 

Ocdjober 46 ( 2 1 . 0 0 ^ ) . ~ 

2, C u r c u l i o n i d a e — The mon thu i se t o t a l 

c a t c h and i t s p e r c e n t a g e t o t h e t o t a l a n n u a l c a t c h 

of C u r c u l i o n i d a e i n t h e f i r s t y e a r u e r e a s f o l l o u s : 

November 63 ( 1 7 . ' 3 6 ^ ) , December 8 (2 .20"^) , J a n u a r y 0 

(0.005?;), F e b r u a r y 1 ( 0 , 2 8 ^ ) , I^larch 6 ( L ' S B ^ ) , A p r i l 

44 ( I2 .127S) , flay 30 ( 8 . 2 6 ^ ) , Dune 31 (8 .54-^ ) , Duly 

24 ( 6 . 6 1 ^ ) , August 4 ( l . ' I O ^ ) , September 2 (0,'551^) 

and October 150 {^^,Z2%), In t h e second y e a r month-

wise t o t a l c a t c h and i t s p e r c e n t a g e t o t h e t o t a l 

a n n u a l c a t c h u e r e a s folf ious : November 24 ( 1 0 , 4 3 / ^ ) , 

December 0 ( 0 , 0 0 % ) , Danuary 0 (O.OO^S), Feb rua ry 2 

{0:Q1%), Plarch 3 ( l . 3 0 ? J ) , A p r i l 32 (13.'^'91^), !^ay 41 

(17 .83?5) , Dune 30 ( 1 3 . 0 4 % ) , Duly 37 ( 1 6 . 0 9 % ) , August 

13 (5, '60%), September 5 (2 ,17%) and October 43 

( 1 8 , 7 0 % ) . 
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The r e l a t i v e abundan-ce of Curcul ionidae 

uas minimum in February u i t h (0 .28^) and maximum 

i n October u i t h 150 (41/325^) during the f i r s t year. ' 

During the second year the r e l a t i v e abundance uas 

minimum in February u i t h 2 (0 .87^) and maximum in 

October u i th 43 ( 1 8 . 7 0 ^ ) , There uere th ree peaks of 

ca tch in Apr i l 44 ( l2; i2?S), June 31 (8^54?^) and 

October 150 (41.'32?S) during the f i r s t year. ' During 

the second year the t h r ee peaks uere in Play 41 

(17 .83^ ) , 3uly 37 (16.09^) and October 43 ( i e . ' 7 0 ^ ) . 

3 , Chrysomellidae — In the f i r s t year 

the monthuise t o t a l catch and i t s percentage to the 

t o t a l annual ca tch of Chrysomellidae uere as fol lows: 

November 20 ( 6 . 9 9 ^ ) , December 0 (O.'OO^S), January 6 

(2, '10^) , February 2 (8.'705^), March 3 (UQ5%), Apr i l 

17 (5;94?b), May 28 (9. '79^) , 3une 14 (4. '90^) , Duly 

10 (3.50??), August 2 (0'.'70^), September 9 (3J^5%) 

and October 175 ( 6 1 . 1 9 ^ ) , In the second year the 

monthuise t o t a l catch and i t s percentage to the t o t a l 

annual catch uere as follows : Wovember 10 ( 7 . 4 i ^ ) , 

December 2 ( 1 , 4 8 ^ ) , January 2 (1 ,48^0 , February 6 

( 4 . 4 4 ^ ) , f^arch 5 (3.~70^), Apr i l 16 ( l1 ."s5^) , P!ay 28 

(20 .74^ ) , Dune 12 ( 8 . 8 9 ^ ) , Duly 9 (6 .67?0, August 7 

( 5 . 1 9 ^ ) , September 10 (7.41?S) and October 30 

( 2 2 . 2 2 ^ ) . 

The r e l a t i v e abundance of t h i s family uas 

minimum in February and August u i t h 2 (0 .70^ ) in 
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each month and maximum in October u i t h 175 (61 ,19^) 

during the f i r s t year . During the second year the 

r e l a t i v e abundance uas minimum in January u i t h 2 

{^.^8%) and maximum in October u i t h 30 (22. '2?^) . 

There were t h r e e peaks of catch in January 6 (2 , ' l 0^ ) , 

May 28 (9 .79^) and October 175 (6l."ig??) in the f i r s t 

yea r . In the second year the t h r e e peaks uere in 

February 6 (4.< '4^) , nay 28 (29 .74^) and October 30 

( 2 2 : 2 2 ^ ) . 

4, E l a t e r i d a e — The monthuise t o t a l 

catch and i t s pe rcen tage to t h e t o t a l annual catch 

of the family in the f i r s t year uere as fo l loos j 

Wov/ember 7 ( 5 , 8 3 ^ ) , December 0 (O.OO^), January 0 

(O.OO^), February 0 (O.'OO^), riarch 5 (4 . '23^) , Apri l 

22 (18.64?S), nay 14 (l1.86f5), June 13 (11.02??;), July 

21 (17.80?2), August 0 (O.'oO?^), September 2 (1 .69^ ) 

and October 34 (28 .81^ ) . In the second year the 

monthuise t o t a l catch and i t s percentage to the t o t a l 

annual catch uere as follows : November 2 ( l , 7 5 ^ ) , 

December 0 (O.OO^), January 0^(0 .00^)^ February 0 

(0,00%), narch 0 (O.OO^), Apr i l 0 (O.OO^), ^ay 27 

(23.68?S), June 15 (13 .16^) , July 22 (19 .30^ ) , August 

0 ( 0 . 0 0 ^ ) , September 4 (3 .51^) and October 24 (21 .05^) , 

The r e l a t i v e abundance of t h i s family 

uas minimum i n September 2 (1.595^) and maximum in 

October 34 (20.81?^) during the f i r s t year . During 

the second year the r e l a t i v e abundance uas minimum 
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i n November 2 (1.75?^) and maximum i n A p r i l 27 ( 2 3 . ' 6 8 ^ ) . 

There were t h r e e p e a k s of ca t c h i n A p r i l 22 (^B,6&%), 

3u ly 21 ( 1 7 . 8 0 ^ ) and October 34 (28.81^5) i n t h e f i r s t 

y e a r . In t h e second yea r a l s o t h e t h r e e p e a k s u e r e i n 

A p r i l 27 ( 2 3 . 6 8 ^ ) , Duly 22 (l9.305;S) and Oc tobe r 24 

( 2 1 . 0 5 ^ ) . 

5 , B y r r h i d a e — The mon thu i se t o t a l c a t c h 

and i t s p e r c e n t a g e t o t h e t o t a l a n n u a l c a t c h of t h e 

f ami ly i n t h e f i r s t y e a r were a s f o l l o w s : November 

0 (O.'QO^S), December 0 (O.QO^), 3anuary 0 (O. 'oO^), 

Feb rua ry 0 (O.OOJ^), P^arch 0 (O.OO;^), A p r i l IS (15.22}^) , 

nay 25 ( 2 2 . 5 2 ^ ) , 3une 15 ( 1 3 , 5 1 ^ ) , 3uly 31 ( 2 7 . ' 9 3 ^ ) , 

August 12 ( 1 0 . 8 1 ^ ) , September D (O.OO^) and Oc tobe r 

10 ( 9 , 0 1 / a ) . In t h e second y e a r t h e mon thu i se t o t a l 

c a t c h and i t s p e r c e n t a g e t o t h e t o t a l a n n u a l c a t c h 

were a s fol^dmus : November 0 (O.'OO/o), December 0 

( 0 . 0 0 ^ ) , 3anuary 0 (O.OO,^), F e b r u a r y 0 (O.OO^), (^larch 

0 ( 0 . 0 0 ^ ) , A p r i l 8 ( 9 . 4 1 ^ ) , Hay 11 ( 1 2 . 9 4 ^ ) , 3une 8 

( 9 . 4 1 ^ ) , 3uly 28 ( 3 2 . 9 4 ^ ) , August 12 (14 .12?J) , Sep­

tember 0 ( 0 . 0 0 ^ ) and October IB (21.1B?S). 

Dur ing t h e f i r s t y e a r minimum c a t c h was 

i n October 10 (9.01Jo) and maximum c a t c h uas i n 3u ly 

31 ( 2 7 , 9 3 ^ ) , Dur ing t h e second yea r minimum c a t c h uas 

i n A p r i l S {9»A1%) and maximum c a t c h uas i n 3u ly 2B 

( 3 2 , ' 9 4 ^ ) , There u e r e th r e e p e a k s of c a t c h i n f'^ay 25 
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(22.52?^), 3uly 31 (27.93?S) and October 10 (9.01?S) 

during the f i r s t year . During the second year the 

t h r ee peaks uere a l s o in f^ay 11 ( 12.94^) , Duly 28 

(32.94:;^) and October 18 (2^,^B%), 

6. Carabidae - - The monthuise t o t a l 

c o l l e c t i o n and i t s pe rcen tage to the t o t a l annual 

c o l l e c t i o n of the family in the f i r s t year uere as 

fo l lous : Apri l 8 ( 7 . 9 2 ^ ) , Hay 9 (8.91"^), 3une 3 

( 2 , 9 7 ^ ) , 3uly 7 ( 5 . 9 3 ^ ) , August 3 (2.97.^), September 

2 ( 1 . 9 8 ^ ) , October 69 (58.32^) and uere absen t in the 

r e s t of the months. In the second year the monthuise 

t o t a l c o l l e c t i o n and i t s pe rcen tage to the t o t a l 

annual c o l l e c t i o n uere as f o l l o u s : November 5 ( 7 , 2 5 ^ ) , 

Apr i l 5 (7.25?J), l̂ ay 6 (8.'70?^), Dune 3 (4.35'7S), July 

13 (18.S4X), August .3 ( 4 . 3 5 ^ ) , September 6 ( 8 . 7 0 ^ ) , 

October 29 (42 .03^) and uere absen t in the r e s t of the 

months. 

During the f i r s t year minimum catch uas 

in feeptember 2 (l .98/o) and maximum catch uas in Octo­

ber 69 (68.32^) and th ere uere t h r e e peaks of catch 

in nay 9 ( 8 . 9 1 ^ ) , Duly 7 (6 .93^) and October 69 

(68.32/0* During the second year minimum catch uas 

i n Dune 3 (4.35/J) and maximum catch uas in October 

29 (42.035^) and the t h r e e peaks of catch uere in 

nay 6 (3.70?^), Duly 12 (18.84?2) and October 29(42 .03^) . 
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7. Cocc ine l l i dae — The monthuiss t o t a l 

catch and i t s pe rcen tage to the t o t a l annual catch 

of the family in the f i r s t year uere as fo l l ous : 

November 2 ( 5 . 8 8 ^ ) , Hay 10 (29,41:^), 3une 7(20;5g?0, 

October 15 (44 ,12^) and uere not found in the samples 

of the r e s t of the months. In the second year the 

monthuise t o t a l ca tch and i t s pe rcen tage to the t o t a l 

annual catch uere as fo l lous : November 3 (9,'2S%), 

flay 9 (28 ,13^) , Dune 10 (31.25^^), October 10(31.25!^) 

and uere absent for the r e s t of the months,' 

8. Gerr idae — During the f i r s t year 

the family uas caught in Dune 2 (25,00/j) , Duly 4 

(50 .00^ ) , August 2 (25,005^) and uere absent for the 

r e s t of the months. During t h e second year i t uas 

caught in Dune 5 (45,45^^), Duly 6 (54.55/?I) and uere 

absen t for the r e s t of the months, 

9, Cerambicidae — During the f i r s t year 

t h i s family uas r ep resen ted only in Duly 3 (100,00^^) 

and uere absent for the r e s t of the months. During the 

second year a l s o t h i s family uas r ep re sen ted only in 

Duly 13 (100.00^5) and uere absen t for the r e s t of 

t h e months. 

10, Lymaxylidae — During the f i r s t year 

t h i s family uas caught in Duly 2 (66»67%), /iugust 1 

(33.33^) and uere absent for the r e s t of the months,' 
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During the second year i t was caught i n 3uly 1 

( 3 3 . 3 3 ^ ) , August 2 (66,67=10 and uere absent f o r 

the r e s t o f the months. 

1 1 , S tephy l i n idae — During the f i r s t 

year t h i s fami l y gas caught on ly i n September 2 

(100.00;^) and dur ing the second year a lso i t uas 

caught i n September 1 (lOO.OO/^) and uere absent f o r 

the r e s t of the months of the exper iment, 

12, Tenebrionidae — No Tenebrionidae 

uas caught dur ing the f i r s t year . During the second 

year i t uas caught only i n August 7 (lOO.OO^), 

DICTYOPTERA : 

This order comprised o f 65 numbers o f 

i n d i v i d u a l s and 0 .70^ of the t o t a l annual i n s e c t 

catch of the f i r s t year and o f 48 numbers o f i n d i v i ­

duals and 0,70^ of the t o t a l annual i n s e c t catch o f 

the second year. The monthly f l u c t u a t i o n of D ic tyoo te ra 

fo r the e n t i r e study pe r iod have been shoun i n Tables 

5 . 1 , /5.2 and Figures - 9 . 1 , 3,2 and 5.t(. 

The monthuise t o t a l c o l l e c t i o n o f the 

order and i t s percentage to the t o t a l annual c o l l e c ­

t i o n i n the f i r s t year a-juere as f o l l o u s : 

November 1 ( 1 . 5 4 ^ ) , December 0 (O.OO^), Danuary 0 
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(O.OO^), February 0 (O.OO^S), flarch 0 (O.OO^), Apr i l 

15 (24 .62^ ) , f̂ ay 25 (38.45!^), Dune 5 (7,69%), Duly 

3 ( 4 . 6 2 ^ ) , August 5 (7.69:^), Septsmbsr 7 (10 .77^) 

and October 3 (4,62/o) . In the second year the month-

u i s e t o t a l c o l l e c t i o n and i t s pe rcen tage to the t o t a l 

annual c o l l e c t i o n were as fo l l ous : Nouember 2(4,'17??), 

December 0 (O.OO;:^), January 0 (O.OO^), February 0 

( 0 . 0 0 ^ ) , March 4 (8.33^)» Apr i l 5 (10 ,42^ ) , Hay 8 

(1S.67?S), 3une 6 (12.50;^), Duly 5 (10 .42^ ) , August 6 

( 1 2 . 5 0 ^ ) , S eptember 7 (14.58^) and October 5 (10.42??). 

The r e l a t i v e abundance of the order 

uas minimum in November u i th 1 (l,545'o) and maximum in 

rOay u i t h 25 (38 .46^) during the f i r s t year . During the 

second year the r e l a t i v e abundance uas minimum in 

November u i th 2 (4,17/S) and maximum in flay u i t h 8 

( i s , 6 7 / ? ) . There uere tuo peaks of catch during the 

f i r s t year in ?^ay 25 (38.46^) and September 7 ( l 0 . 7 7 i ; ) . 

During the second year a l so the tuo peakB uere in riay 

8 (16.67^) and September 7 ( 1 4 . 5 8 ^ ) . 

The r e l a t i o n s h i p of the monthly t o t a l 

Dic tyoptera c o l l e c t i o n and c e r t a i n environmental f ac to r s 

have been shoun in Tables 5»A- and 5.5" for the e n t i r e 

exper imenta l p e r i o d . During the f i r s t year the monthly 

average minimum and maximum tempera ture , minimum and 

maximum r e l a t i v e humidity and monthly t o t a l r a i n f a l l 

did not shou any s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p a t 
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0 . 0 1 ^ and 0,05^ lev /e ls . During the second year the 

monthly average minimum and maximum temperature, 

minimum and maximum r e l a t i v e humid i t y shoued s i g n i ­

f i c a n t p o s i t i v e r e l a t i o n s h i p a t 0 . 0 1 ^ l e v e l on ly 

u h i l e monthly t o t a l r a i n f h ' l l d i d not shou any s i g ­

n i f i c a n t r e l a t i o n s h i p a t 0,01,^ and 0,05^ l e v e l s . 

The D ic tyop te ra c o l l e c t e d i n the 

l i g h t - t r a p comprised of tuo f a m i l i e s , namely, 

B la t i dae and f^antidae dur ing the e n t i r e e x p e r i ­

mental p e r i o d . The monthuise catch f l u c t u a t i o n o f 

the tuo f a m i l i e s has been shoun i n Figure 9. During 

the f i r s t year t o t a l catch o f each fami ly and i t s 

percentage to the t o t a l annual D ic tyop te ra catch 

uere as fo l l ows : B la t i dae 55 ( 6 4 , 6 1 ^ ) , rOantidae 

10 (15.38^) and dur ing the second year i t were 

as fo l l ows : B la t i dae 40 (S3.33^) and f-^nt idae 8 

(16 .66^ ) . ' 

1 . B la t i dae — The monthuise t o t a l 

catch and i t s percentage to the t o t a l annual catch 

o f the fami ly i n the f i r s t year uere as f o l l o u s : 

November 1 ( l ,e2?o), December 0 (O.OO^), January 0 

(O.OO^), February 0 (O.OO^), March 0 (O.OO^), 

A p r i l 11 (20.00,^), Tlay 22 ( 4 0 . 0 0 ^ ) , Dune 5 ( 9 . 0 9 ^ ) , 

July 2 ( 3 . 3 4 ^ ) , Augt^ t 4 ( 7 . 2 7 ^ ) , September 7 

(12 .73^) and October 3 (5 , -^5^) . I n the second year 

the monthuisE t o t a l catch and i t s percentage to 



FigurB5./l : Monthuise t o t a l co l lec t ion of Oictyoptera 

and i t s families Bla t t ldae and fHantidae 

in Light- trap from November, 1979 to 

October, 1981,^ 
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t h e t o t a l a n n u a l c a t c h u e r e as f o l l o w s : Movember 

2 ( 5 . 0 0 ^ ) , December 0 (O.OO^), .January 0 (O.'OO:^), 

F e b r u a r y 0 (O.OO^), March 4 (M]»0G%), A p r i l 3 

(7 .50?^) , riay 7 ( l 7 . 5 0 ? ^ ) , 3une 4 ( 1 0 , 0 0 ^ ) , J u l y 

5 ( 1 2 . 5 0 ^ ) , August 4 (^Q.OQ%), September -: 5 

( 1 2 . 5 0 ^ ) and Oc tobe r 6 ( 1 5 . 0 0 ^ ) . ' 

The r e l a t i v e abundance of t h e f ami ly 

u a s minimum i n Mov/ember 1 ( l ,82?S) and maximum i n 

May 22 (40.OO;??) and t h e r e u e r e t uo peaks of c a t c h 

i n nay 22 (40.D0?S) and September 7 ( l 2 . 7 3 ^ ) d u r i n g 

t h e f i r s t y e a r . Dur ing t h e s econd yea r t h e r e l a ­

t i v e abundance uas minimum i n November 2 ( 5 . 0 0 ^ ) 

and maximum i n Flay 7 (17.50/?) and t h e r e u e r e four 

p e a k s of c a t c h i n March 4 ( 1 0 . 0 0 ^ ) , May 7 ( 1 7 . 5 0 ^ ) , 

3u ly 5 ( 1 2 . 5 0 ^ ) and October 6 ( 1 5 . 0 0 ^ ) . 

2, ' Mant idae — The mon thu i s e t o t a l 

c a t c h and i t s p e r c e n t a g e to t h e t o t a l a n n u a l c a t c h 

of t h e fami ly d u r i n g t h e f i r s t y e a r u e r e a s ""Irr-; 

f o l l o w s : A p r i l 5(50.00?^;), May 3 ( 3 0 . 0 0 ^ ) , Duly 1 

( 1 0 . 0 0 ^ ) , August 1 (10 . '00^) and u e r e a b s e n t fo r 

t h e r e s t of t h e m o n t h s . During t h e second y e a r t h e 

m o n t h u i s e t o t a l c a t c h and i t s p e r c e n t a g e t o t h e t o t a l 

a n n u a l c a t c h u e r e as f o l l o w s : A p r i l 2 (2^,00%), May 

1 ( 1 2 . 5 0 ^ ) , Dune 2 (25 .00 :^ ) , August 3 ( 3 7 . 5 0 ^ ) and 

were a b s e n t fo r t h e r e s t of t h e mon ths . 
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The r e l a t i v e abundance of r iantidae uas 

minimum in Duly and August with 1 (10.00'^) and 

maximum in Apr i l u i t h 5 (50.00;^) during the f i r s t v-: 

y e a r . During the second year the minimum catch uas 

i n Nay u i t h 1 (l2,50/o) and maximum in August u i t h 

3 ( 3 7 . 5 0 ^ ) . 

ORTHOPTERA : 

Orthoptera comprised of 345 numbers of 

i n d i v i d u a l s and 3 ,74^ of the t o t a l annual i n s e c t 

c o l l e c t i o n of the f i r s t year and of 315 numbers 

of i n d i v i d u a l s and 4,'58/a of the t o t a l annual i n s e c t 

c o l l e c t i o n of the second year . The monthly f l u c ­

t u a t i o n of Or thoptera for the e n t i r e study pe r iod 

have been shoun in Tables -5» 1, S". 2 and Figures 5 .1 , 

-?. 2 and 5.3. 

The monthuise t o t a l c o l l e c t i o n of the 

order and i t s pe rcen tage to the t o t a l annual 

c o l l e c t i o n in the f i r s t year uere as fo l lous : 

November 11 ( 3 . 1 9 ^ ) , December 8 (2. '32^) , January 

3 (0 .87?0 , February 7 (2.035^), Narch 47 (l3V62:^), 

Apr i l 17 ( 4 . 9 3 ^ ) , Nay 27 (7.'83?i5), Dune 25 (7.545^), 

Duly 23 (5,S7?2), August 10 (2.90?S), September 12 

(3.48%) and October 154 ( 4 4 . 6 4 ^ ) . In the second 

year the monthuise t o t a l c o l l e c t i o n and i t s p e r ­

centage to the t o t a l annual c o l l e c t i o n uere as 
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f o l l o u s : November 8 ( 2 . 5 3 ^ ) , December 9 ( 2 . 8 5 ^ ) , 

3anuary 5 ( 1 . 5 8 ^ ) , February 6 (1.905^), narch 21 

( 6 . 6 5 ^ ) , A p r i l 24 ( 7 . 5 9 ^ ) , Play 34 (10. '76^) , 3une 

25 (0,23%), Duly 27 (8.54^;) , August 7 (2.22,'^), 

September 10 (3.16?S) and October 139 (43.99?J). 

The r e l a t i v e abundance o f Orthoptera 

dur ing the f i r s t year uas minimum i n January 3 

(O.Qlfa) and maximum i n October 154 (44.64,^) . During 

the second year the r a l a t i u e abundance uas m i n i ­

mum i n Danuary 5 ( l , 3 8 ^ ) and maximum i n October 

139 (43.99/J). Dur ing the f i r s t year the re were 

th ree peaks of catch i n i^.arch 47 (13 .52^ ) , Play 

27 (7 .83^ ) and October 154 ( 4 4 . 6 4 ^ ) . During the 

second year there uere four peaks of catch i n 

December 9 (2 .85?0, l̂ ay 34 (10.76??:), Duly 27(8.'54f^) 

and October 139 (43. '99^) . 

The r e l a t i o n s h i p - o f the monthly t o t a l 

Or thoptera c o l l e c t i o n and c e r t a i n envi ronmental 

f a c t o r s have been shoun i n Tables 5.4 and '̂ ,-5 f o r 

the e n t i r e study p e r i o d . I n the f i r s t year the 

monthly average minimum and maximum temperature, 

minimum r e l a t i v e humid i ty and monthly t o t a l r a i n ­

f a l l d id not show any s i g n i f i c a n t r e l a t i o n s h i p 

a t 0,01/0 and 0,05/o l e v e l s , wh i l e maximum r e l a ­

t i v e humid i ty shoued s i g n i f i c a n t p o s i t i v e r e l a ­

t i o n s h i p a t 0,01/S l e v e l . I n the second year the 

0%^^ 
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month l y average minimum and maximum t e m p e r a t u r e , 

minimum and maximum r e l a t i v e h u m i d i t y and mon th l y 

t o t a l r a i n f a l l d i d no t shou any s i g n i f i c a n t r e l a ­

t i o n s h i p a t d,'m% and 0 . 0 5 ^ l e v e l s . ' 

Four f a m i l i e s o f O r t h o p t e r a , namely , 

A c r i d i d a e , G r y l l i d a e , T e t t i g o n i d a e and G r y l l o t o l -

p i d a e uere c o l l e c t e d i n t h e l i g h t - t r a p d u r i n g t h e 

e x p e r i m e n t a l p e r i o d . The mon th l y f l u c t u a t i o n o f 

d i f f e r e n t f a m i l i e s f o r t he e n t i r e e x p e r i m e n t a l 

p e r i o d has been shown i n F i g u r e I D . ' The c a t c h 

f l u c t u a t i o n o f d i f f e r e n t f a m i l i e s and t h e i r p e r ­

cen tage t o t he t o t a l annua l O r t h o p t e r a c a t c h i n 

t h e f i r s t year ue re as f o l l o u s : A c r i d i d a e 133 

( 3 3 . 5 5 ^ 0 , G r y l l i d a e 105 iZ0»^3%), T e t t i g o n i d a e 

100 (28.98?J) and G r y l l o t a I p i d a e 7 ( 2 . 0 2 ' ^ ) . I n 

t h e second year c a t c h f l u c t u a t i o n o f t h e d i f f e r e n t 

f a m i l i e s and t h e i r p e r c e n t a g e t o the t o t a l a n n u a l 

O r t h o p t e r a c a t c h uere as f o l l o u s : A c r i d i d a e 11G 

( 3 6 . 7 0 ^ ) , G r y l l i d a e 31 (25.'63>^), T e t t i g o n i d a e 112 

(35 . ' 44^ ) and G r y l l o t a l p i d a e 7 (2 , '2 l7^) . ' 

1 . A c r i d i d a e — The mon thu ise t o t a l 

c a t c h and i t s p e r c e n t a g e t o t h e t o t a l annua l c a t c h 

o f t h e f a m i l y i n t h e f i r s t yea r ue re as f o l l o u s : 

November 5 ( 3 . 7 5 ! ^ ) , December 6 ( 4 . 5 1 ^ ) , January 2 

( 1 . 5 0 ^ ) , February 4 ( 3 . 0 1 ^ ) , March 38 (28.57?^) , 

A p r i l 9 ( 6 . 7 7 ^ ) , f^ay 9 (6 .77?J) , 3une 6 ( 4 . 5 1 ^ ) , 



Figure 5-12 ; nonthuise t o t a l co l lec t ion of Acrididae, 

Gryll idae, Tettigonldae and Gryl lotalpidae 

in Light- t rap From November, 1979 to 

October, 1981« 
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Duly 3 (2.26:;o), August 7 (5.26f^), September 2 

(1.50$!?) and October 42 (31.58:^). In tb e second 

year the monthuise t o t a l catch end i t s p s r c e n t a g e 

to the t o t a l annual catch of the family uere as 

f o l l o u s : Nov/ember 4 (3,45,^), December 7 (6,03f?), 

Danuary 2 ( l . 7 2 ^ ) , February 3 (2.59!??), Plarch 15 

(12.93^^), Apr i l 9 (7.76%), flay 15 (13. '79^), Dune 

6 ( 5 . 1 7 ^ ) , Duly 3 (2.59°^), August 4 (3."45::?), Sep­

tember 2 (1.72:?!^) and October 45 ( 3 8 . 7 9 ^ ) . 

The r e l a t i v e abundance of the family 

uas minimum in January and September u i th 2 (l.SO:^) 

in each month and maximum in October u i th 42(31.53'^) 

during the f i r s t year . During the second year the 

r e l a t i v e abundance uas minimum in January and Sep­

tember u i th 2 ( 1 . 7 ? ^ ) in each month and maximum in 

October u i th 45 ( 3 8 . 7 9 ^ ) , There uere four peaks of 

ca tch in December 6 (4.51?^), inarch 38 (28.'57?J), 

August 7 (5.26?0 and October 42 (3l,58f?) during 

the f i r s t year . During the second year t h e r e uere 

f i ve peaks of catch in December 7 (S.OS'o), n^arch 

15 (12.93,^), nay 16 (13 ,79^ ) , August 4 (3.45f?) 

and October 45 (38.97;^) . 

2 . Te t t i gon idae — The monthuise t o t a l 

catch and i t s pe rcen tage to the t o t a l annual catch of 

t h e family in the f i r s t year uere as fo l lous : Novem­

ber 4 (4.00%), December 2 ( 2 . 0 0 ^ ) , January 1 ( l .OO^), ' 
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F e b r u a r y 0 (O.OO^), f^arch 3 ( 3 . 0 0 ^ ) , ' A p r i l 5 

( 5 . 0 0 ^ ) , Nay 11 ( l l . O O ^ ) , June 10 ( l O . O o t ) , 3uly 

8 ( 3 . 0 0 ^ ) , August 3 ( 3 . 0 0 ^ ) , S ep tember 3 ( 3 . 0 0 ^ ) 

and October 50 ( 5 0 . 0 0 / b ) . In t h e second yea r t h e 

m o n t h u i s e t o t a l c a t c h and i t s p e r c e n t a g e t o t h e 

t o t a l a n n u a l c a t c h u e r e a s f o l l o u s : November 3 

( 2 . 6 8 ^ ) , December 2 ( 1 . 7 9 ^ ) , J a n u a r y 3 ( 2 . 5 8 ^ ) , 

F e b r u a r y 2 (1.795S), Tarch 3 ( 2 . 6 8 ^ ) , A p r i l 5 

( 4 . 4 6 ^ ! ) , nay 14 (12.50?2) , Dune 7 ( 6 . 2 5 ^ ) , l u l y 

10 ( 8 , 9 3 ^ ) , Augus t 3 ( 2 . 6 8 ^ ) , September 4(3 /57: ;0 

and October 56 (50 .00?2) . 

The r e l a t i v e abundance of t h e f ami ly 

d u r i n g t h e f i r s t y e a r uas minimum i n Oanuary u i t h 

1 (1.005^) and maximum i n Oc tobe r u i t h 50 (SOjOOfo) 

and t h e r e u s r e t uo p e a k s of c a t c h i n Play 1 l ( l 1 , ' 0 0 ^ ) 

and October 50 ( 5 0 . 0 0 ^ ) . In t h e second yea r t h e 

r e l a t i v e abundance uas minimum i n December and 

F e b r u a r y u i t h 2 ( l . 7 9 ^ ) i n each month and maximum 

i n October u i t h 55 (50»0Q/^) and t h e r e u e r e four 

p e a k s of c a t c h i n January 3 ( 2 . 6 8 ^ ) , l^ay 14 (12,50?S), ' 

Duly 10 (8.93^^) and October 56 (SO. 'oO^). 

3 . G r y l l i d a e — The mon thu i se t o t a l 

c a t c h and i t s p e r c e n t a g e t o t h e t o t a l a n n u a l c a t c h 

of t h e fami ly i n t h e f i r s t yea r u e r e a s f o l l o u s : 

Movember 2 ( 1 . 9 0 ^ ) , December 0 (0 ,00?S) , J anua ry 0 

(0.00;o ') , F e b r u a r y 3 ( 2 . 8 6 ^ ) , Rarch 6 ( 5 . 7 1 ^ ) , A p r i l 

3 ( 2 . 8 6 % ) , riay 7 (6 .67f^) , Dune 8 ( 7 . 6 2 % ) , Duly 7 
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(S.675S), August 0 (0.00?2), September 7 (5.'67?0 

and October 62 (59.05/o), In the second year the 

monthuise t o t a l catch and i t s pe rcen tage to the 

t o t a l annual catch uere as fol lows : Movember 1 

(1.23?^), December '0 (O.OO^), Danuarvy 0 (0.00>^), 

February 1 ( l . 23 ,^ ) , March 3 ( 3 . 7 0 ^ ) , Apr i l 10 

(12 .35^ ) , riay 4 {A,9^%), Dune 10 ( 1 2 . 3 5 ^ ) , Duly 

10 (12.35?^), August 0 (O.OO^), September 4 (4 .94^) 

and October 38 (45. '91^). ' 

The r e l a t i v e abundance of the family 

uas minimum in PJovember with 2 ( l , 9 0 ^ ) and maximum 

in October u i th 52 (59.05^) and t h e r e uere t h r e e 

peaks of catch in March 6 (5.71;^) , 3une 8 (7,525^) 

and October 62 (59,05^) during t h e f i r s t yea r . 

During the second year the r e l a t i v e abundance uas 

minimum in November and February u i t h 1 (l,23/S) i n 

each month and maximum in October u i th 33 (46 ,91^) 

and t h e r e uere -three peaks of catch in Apri l 10 

( 1 2 . 3 5 ^ ) , 3une and 3uly 10 (l2,35f2) in each month 

and October 38 (46.91.5^). 

4 . G r y l l o t a l p i d a e — The monthuise 

t o t a l catch and i t s percentage to the t o t a l annual 

catch of the family in the f i r s t year uere as 

fo l lous : Dune 2 (28.57!^;), Duly 5 (71.43^) and uere 

absen t for the r e s t of the months. In the second 
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y e a r t he mon thu i se t o t a l c a t c h and i t s p e r c e n t a g e 

t o t h e t o t a l a n n u a l c a t c h o f t h e f a m i l y ue re as 

f o l l o u s :3une 3 ( 4 2 , 8 6 ^ ) , 3u l y 4 (57 , ' 14^ ) and were 

absen t f o r t he r e s t o f t h e months . 

EPHEMEROPTERA : 

Ephemeroptera compr i sed o f 81 numbers 

o f i n d i v i d u a l s and 0 , 8 7 ^ o f t h e t o t a l a n n u a l i n s e c t 

c o l l e c t i o n o f t h e f i r s t year and 50 numbers o f i n d i v i ­

d u a l s and 0 , 7 3 ^ o f t he t o t a l a n n a u l i n s e c t c o l l e c t i o n 

o f t h e second y e a r . The mon th l y c a t c h f l u c t u a t i o n o f 

t h e o r d e r f o r t h e e n t i r e s t u d y p e r i o d have been shown 

i n Tab les 5". 1 , '5,2 and F i g u r e s ^ . 1 , 5 .2 and 5-13. 

The monthu ise t o t a l c o l l e c t i o n o f t h e 

o r d e r and i t s p e r c e n t a g e t o t h e t o t a l a n n u a l c o l l e c t i o n 

i n t h e f i r s t yea r ue re as f o l l o w s : November 11 ( l 3,'58??), 

December 0 ( 0 , 0 0 ^ ) , January 0 (O.'OOnS), Feb rua ry 0 

( 0 . 0 0 ^ ) , Natch 0 (O.'OO^), A p - r i l 3 (3V70?S), V^.a^ 18 

C^22.'225S), 3unB 10 (12.'355S), ^ u l y 5 ( 6 . ' 1 7 ^ ) , August 

4 ( 4 ; 9 4 : ^ ) , September 3 ( g . ' s s ^ ) and October 22 (277 '16^) . ' 

I n t h e second year the mon thu i se t o t a l c a t c h and i t s 

p e r c e n t a g e t o t h e t o t a l a n n a u l c a t c h uere as f o l l o u s : 

November 8 ( 1 5 . 0 0 ^ ) , December 0 (O.'OD??), Danuary 0 

(Q.'OO^), Feb rua ry 0 (O.OO^) , March 0 (O.'OO^), A p r i l 3 

{^5,m%)^ Hay 6 ( 1 2 . 0 0 , ^ ) , June 5 ( 1 0 . 0 0 ^ ) , '^ul'y 3(6.'00?J), 

August 4 ( 8 . 0 0 ^ ) , September 6 (12.007(5) and Oc tober 15 

( 3 0 . ' 0 0 ^ ) . ' 



Figure 5.13: Monthuise t o t a l co l l ec t ion of Trichoptera, 

Epbemeroptara, Plecoptera, Isoptera , Oer-

maptera and Odonata in Light- trap from 

November, 1979 to October/ 198TV 
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The r s l a t i v e abundance of Ephemeroptera 

uas minimum in Apr i l with 3 (3 ,70^ ) and maximum in 

October u i th 22 (27^15?$) during the f i r s t yea r . 

During the second year the r e l a t i v e abundance uas 

minimum in Apr i l and 3uly u i t h 3 (6.00;^) in each 

month and maximum in October u i t h 15 (30,'005^). 

There uere tuo peaks of catch in Hay 18 (22,^22^) 

and October 22 (27 .16^) in the f i r s t year . In t h e 

second year a l s o the tuo .peaks of catch uere in 

nay 6 (12.'00:^) and October 15 (ZO,m%), 

The r e l a t i o n s h i p of the monthly t o t a l 

Ephsmerootera c o l l e c t i o n and c e r t a i n enuironmental 

f a c t o r s have been shoun in Tables 3,1 and 3,2 for 

t h e e n t i r e exper imenta l p e r i o d . Both the year the 

monthly average minimum and maximum tepiera ture , 

minimum and maximum r e l a t i v e humidity and monthly 

t o t a l r a i n f a l l did not shou any s i g n i f i c a n t r e l a -

t i o n s h i p a t fuO,Ol?S and 0 .05^ l e v e l s . 

During the e n t i r e exper imenta l pe r iod 

only one family, namely, Bae t idae , r ep re sen t ed the 

order 

P^ECOPTERA : 

This order comprised of 12 numbers of 

i n d i v i d u a l s and 0.13/2 of the t o t a l annual i n s e c t 
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c o l l e c t i o n of the f i r s t year and of 32 numbers of 

i n d i v i d u a l s and 0.46?o of the t o t a l annual i n s e c t 

c o l l e c t i o n of the second year . The monthly catch 

f l u c t u a t i o n of the order have been shown in Tables 

5 .1 , .''5.2 and Figures 5 . 1 , 5.2 and 5-4^ for the 

e n t i r e exper imenta l pe r iod . 

The monthuise t o t a l c o l l e c t i o n of t h e 

order and i t s percen tage to the t o t a l annual c o l l e c ­

t i o n in the f i r s t year uere as fo l lous i November 

1 ( 8 . 3 3 ^ ) , December 0 (O.'OO^), danuary 0 (O.OO^), 

February 0 (O.OOjS), f-larch 0 iO,QQ%), Apri l O(DVOO^) , 

^ay 1 ( 8 . 3 3 ^ ) , Dune 2 (16 .57^ ) , 3uly 3 (25.'00:?;:'), 

August 1 (8.335^), September 3 (25 .00^) and October 

1 ( S . 3 3 ^ ) , In the second year the monthuise t o t a l 

c o l l e c t i o n and i t s percentage to the t o t a l annual 

c o l l e c t i o n uere as fo l lous j November 1 (3.13'j^), 

December 0 (0,00^!^), Danuary 0 (O.'OO?^), February 0 

(0.00=^), March 0 (O.OO^), Apr i l 2 (5.25??), May 4 

(12 .50^ ) , Dune 6 (18.75?J), Duly 4 (l2;50?!$), August 

2 ( 6 . 2 5 ^ ) , S eptember 4 (12.50^1 and October 9 ( 2 8 . 1 3 ^ ) . 

The r e l a t i v e abundance of the order 

uas minimum in Apr i l , May, -"p'.'October and November 

with 1 (8,33?o) in each month and maximum in Duly 

and September u i t h 3 (25,00/b) i n each month in the 

f i r s t yea r . In the second year the r e l a t i v e abundance 
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uas minimum i n November u i t h 1 (3»'13^) and maximufn 

i n October u i t h 9 (28,13.^) . Dur ing the f i r s t year 

there uere tuo peaks of catch i n Duly 3 (25. '00^) and 

September 3 (25,C0?a). During the second year the 

tuo peaks were i n 3une 6 (18 ,75^) and October 9 

(28 .13^0 . 

The r e l a t i o n s h i p o f the monthly t o t a l 

P lecoptera c o l l e c t i o n and c e r t a i n envi ronmental 

f a c t o r s have been shoun i n Tables ;5,'4- and 5.5 f o r 

the e n t i r e exper imenta l period.^ I n the f i r s t year 

the monthly average minimum and maximum temperature, 

minimum r e l a t i v e humid i ty and the monthly t o t a l 

r a i n f a l l shoued s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p 

a t 0,01/? l e v e l wh i l e maximum r e l a t i v e humid i t y d id 

not shou any s i g n i f i c a n t r e l a t i o n s h i p a t 0,0^'% and 

0 ,05^ l e v e l s . I n the second year the monthly average 

minimum temperature shoued s i g n i f i c a n t p o s i t i v e r e l a ­

t i o n s h i p a t 0 , 0 1 ^ , wh i le maximum temperature and 

maximum r e l a t i v e humid i t y shoued s i g n i f i c a n t p o s i t i v e 

r e l a t i o n s h i p a t 0,05/S l e v e l , minimum r e l a t i v e humid i t y 

and the monthly t o t a l r a i n f a l l d i d not shoui any s i g ­

n i f i c a n t r e l a t i o n s h i p a t 0,01?J and 0,055? l e v e l s , 

TRICHOPTERA J 

T r i chop te ra comprised o f 38 numbers o f 

i n d i v i d u a l s and 0 ,41 /B o f the t o t a l annual i n s e c t 

c o l l e c t i o n o f the f i r s t year and o f 38 numbers o f 
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i n d i v i d u a l and 0.'555?. of the t o t a l annual i n s e c t 

c o l l e c t i o n of the second year . The monthly cat\jh 

f l u c t u a t i o n of the order for t he e n t i r e e x p e r i ­

mental per iod have been shoun in Tables ' . 1 , - .2 

and Figures 5 .1 , '5.2 and 5-13. 
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The monthuise t o t a l c o l l e c t i o n of 

the order and i t s pe rcen tage to the t o t a l annual 

c o l l e c t i o n in the f i r s t year uere as follows : 

November 3 (7.=895^), December 0 (O.'OO^), January 

0 (0,00%), February 0 (O.'OO^), March 0 (O.'OO:^), 

Apr i l 2 (Si2e%), nay 1 (2.'S3?S), 3une 7 (18."'42^),' 

Duly 4 (10.53?2), August 6 (15.79?^),' September 4 

(10 .53^) and October 11 (23,-95^). In the second 

year the monthuise t o t a l c o l l e c t i o n and i t s p e r ­

centage to the t o t a l annual c o l l e c t i o n of the 

order uere as f o l l o u s : November 4 (lO.BS/O* 

December 0 (OVOO!^), Danuary 0 (0V00;O, February 

0 (0.00?S), March 0 (O.'ao^), Apr i l 4 ( 10 ,53^ ) , 

May 3 ( 7 . 8 9 ^ ) , Dune 4 (10.'53?2), 3uly 5 (13/ '1S^), 

August S (15.*79;7J), September 7 (18.'427'^) and 

October 5 (13.16^^)^ 

During the f i r s t year t h e r e l a t i v e 

abundance uas minimum in May 1 (2,'D35'D) and maximum 

in October 11 (28,'95?S) and t h e r e uere four peaks of 

catch in Apr i l 2 (5.26;^), 3une 7 (l3."42$2), August 5 

(15.79:!?),_ and October 11 (28.95?S). During the second 
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year t h e r e l a t i v e abundance uas minimum i n ^ay 

3 (7 . ' 89^ ) and maximum i n September 7 (18.'42?^) 

and t h e r e uere two peaks o f c a t c h i n A p r i l 4 

(10.53-;^) and September 7 (18.42?^) . ' 

The r e l a t i o n s h i p o f t h e mon th ly 

t o t a l T r i c h o p t e r a c o l l e c t i o n and c e r t a i n e n v i r o n ­

m e n t a l f a c t o r s have been shoun i n Tab les 15.4- and 

^j.S f o r t h e e n t i r e e x p e r i m e n t a l p e r i o d . D u r i n g t h e 

f i r s t year t h e mon th l y average minimum and maximum 

t e m p e r a t u r e , and -• minimum r e l a t i v e h u m i d i t y showed 

s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p a t 0.'05?b l e v e l 

w h i l e maximum r e l a t i v e h u m i d i t y and mon th l y t o t a l 

r a i n f a l l d i d n o t show any s i g n i f i c a n t r e l a t i o n s h i p 

a t O.Ol|t and 0,05?S l e v e l s . D u r i n g t h e second year 

t h e month ly ave rage minimum and maximum t e m p e r a t u r e 

showed s i g i f i c a n t p o s i t i v e r e l a t i o n s h i p a t 0 . 0 1 ^ 

l e v e l w h i l e minimum and maximum r e l a t i v e h u m i d i t y 

and t h e mon th ly t o t a l r a i n f a l l d i d no t show any 

s i g n i f i c a n t r e l a t i o n s h i p a t O.'Oi;^ and 0,05"^ l e v e l s . 

ISOPTERA : 

I s o p t e r a compr i sed o f 15 numbers o f 

i n d i v i d u a l s and O.'17/J o f t h e t o t a l annua l i n s e c t 

c o l l e c t i o n o f t h e f i r s t year and o f 33 numbers o f 

i n d i v i d u a l s and 0, '48^ o f t h e t o t a l a n n u a l i n s e c t 

c o l l e c t i o n o f t h e second y e a r . The mon th ly c a t c h 
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f l u c t u a t i o n of the order for the e n t i r e exper imenta l 

pe r i od haue been shoun in Tables ?, 1 and ?. ? and 

Figures 5 .1 , 5.2 and ^.19. 

The monthuise t o t a l c o l l e c t i o n of the 

order and i t s percen tage to the t o t a l annual c o l l e c ­

t i o n of i t in the f i r s t year uere as follows j 

Nov/ember 0 (o.OO^), December 0 (O.'OO;^), Oanuary 0 

( 0 . 0 0 ^ ) , Februnry 3 i^3.^B%), Tlarch 0 (D. 00?S), Apr i l 

0 (0,00%), Î ay 3 (13.18?^), 3ur\e 0 (O.OO,'^), 3uly ^ 

{25,00%), August 5 (37.'50,^), September 0 (0.0n?5) 

and October 0 (D.OOfJ). In the second year the month­

u i s e t o t a l c o l l e c t i o n and i t s pe rcen tage to the t o t a l 

annual c o l l e c t i o n uare as follows : Wovemher 0 (O.OOt), 

December 0 (O.OO^), 3anuary 0 (0.00)!$), February 6 

( 1 3 . 1 8 ^ ) , farch 0 ( 0 . 0 0 ^ ) , Apri l 0 (O.OOfo), f^ay 7 

( 2 1 . 2 1 ^ ) , Dune 0 (O.OO:^), 3uly 9 {lllllt), August 11 

(33.33^^), September 0 {0,00%) and October 0 (O.OO^).' 

The r e l a t i v e abundance of I s o o t e r a 

uas minimum i n February and Hay u i t h 3 (18.'75^) in 

each month and maximum in August u i th 6 (37 .50^) 

during the f i r s t yea r . During the second year t h e 

r e l a t i v e abundance uas minimum in i^ebruary u i t h 6 

(18.18':^) and maximum in August u i t h 11 (33.33?^). 

The r e l a t i o n s h i p of the monthly t o t a l 

I s o p t e r a c o l l e c t i o n and c e r t a i n environmental f ac to r s 

have been shoun in Tables 'S.^ and 5̂ .5 for t he e n t i r e 
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e x p e r i m e o t s l p s r i o d » Dur ing t h e f i r s t year t h e 

mon th l y ave rage minimum and maximum t e m p e r a t u r e , 

minimum and maximum r e l a t i v e h u m i d i t y and m o n t h l y 

t o t a l r a i n f a l l d i d no t shou any s i g n i f i c a n t r e l a ­

t i o n s h i p a t 0 , 0 1 ^ and 0,05!^ l e v e l s . Du r i ng t h e s e c ­

ond year t h e mon th l y average minimum and maximum 

t e m p e r a t u r e , minimum r e l a t i v e h u m i d i t y and m o n t h l y 

t o t a l r a i n f a l l d i d not shou any s i g n i f i c a n t r e l a ­

t i o n s h i p a t 0 , 0 1 ^ and 0. OS'̂ o l e v e l s u h i l e maximum 

r e l a t i v e h u m i d i t y showed s i g n i f i c a n t p o s i t i v e r e l a ­

t i o n s h i p a t 0 .0 .05°^ l e v e l . 

OERHAPTERA 

T h i s o r d e r compr i sed o f 4-̂  numbers o f 

i n d i v i d u a l s and 0 , ^ 7 ^ o f t h e t o t a l annua l i n s e c t 

c o l l e c t i o n o f t h e f i r s t year and o f 33 numbers o f 

i n d i v i d u a l s and 0.43;)^ o f t h e t o t a l a n n u a l i n s e c t 

c o l l e c t i o n o f t h e second y e a r . The month ly f l u c ­

t u a t i o n o f t h e o r d e r have been shown i n Tables 

S, 1 , 5". 2 and F i g u r e s ' p . l , 5.2 a n d ' p ' l ^ f o r t h e e n t i r e 

e x p e r i m e n t a l p e r i o d . 

The monthwise t o t a l c o l l e c t i o n o f t h e 

o r d e r and i t s p e r c e n t a g e t o t h e t o t a l annua l " - •• 

c o l l e c t i o n o f i t d u r i n g t h e f i r s t year were as 

f o l l o w s : November 0 (O.QO^), December 0 (O.'OO^), 

January 0 (O.OO^) , February 0 (O.OO^) , Flarch 0 
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( 0 . 0 0 ^ ) , Apri l 4 ( 9 . 0 9 ; ^ , May 13 (29 .5S^) , 3une 

3 ( 6 . 8 2 ^ ) , 3uly 2 (4 .5S^ ) , August 3 (S. '82^), Sep­

tember 4 (9 .09^) and October 15 ( 3 4 , 0 9 ^ ) . During 

the second year the monthuise t o t a l c o l l e c t i o n 

and i t s pe rcen tage to the t o t a l annual c o l l e c t i o n 

uere as fo l lous : Wovember 0 ( 0 , 0 0 ^ ) , December 0 

( 0 , 0 0 ^ ) , Danuary 0 (O.OQ,^), February 0 (Q.OO^), 

Plarch 0 (O.'oO^), Apr i l 4 (12712?^), Hay 6 (13 .18^ ) , 

3une 5 (15.15^0, July 3 (9,09:1?), August 4 ( l 2 . 1 2 ^ ) , 

September 5 (15 .15^) and October 6 (13.''1 8:t). 

The r e l a t i v e abundance of Dermaptera 

was minimum in 3uly u i th 2 (4 .55^) and maximum in 

October u i th 15 (34,09?^) and t h e r e uere tuo peaks 

of catch in May 13 (29.55??) and October 15 (34.'o9^) 

during the f i r s t year . During the second year the 

r e l a t i v e abundance was minimum in Duly u i th 3(9.'09,'«) 

and maximum in Play and October u i t h 6 (1B.'1S|^) in 

each month and t h e r e uere tuo peaks of catch in May 

6 (18.'18^) and October 6 ( l 8 / l 8 ^ ) . 

The r e l a t i o n s h i p of the monthly t o t a l 

Dermaptera c o l l e c t i o n and c e r t a i n environmental f ac to r s 

for the e n t i r e exper imenta l per iod have bean shoun in 

Tables ^,'4 and '4.5'. During the f i r s t year the monthly 

average minimum and maximum tempera tu re , minimum and 

maximum r e l a t i v e humidity and the monthly t o t a l r a i n ­

f a l l did not show any s i g n i f i c a n t r e l a t i o n s h i p a t 

0 , 0 1 ^ and 0 .05^ l e v e l s . During the second year the 
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average minimum and maximum temperature and minimum 

r e l a t i v e humidity shoued s ign i f i can t pos i t ive r e l a ­

t ionship a t 0,01/^ level , maximum r e l a t i v e humidity 

shou/ed s ign i f ican t pos i t ive re la t ionsh ip at 0,05% 

level while the monthly t o t a l r a i n f a l l did not shou 

any s igni f icant re la t ionsh ip a t 0,01^ and 0,05^ 

l eve l s . 

During the en t i r e experimental period 

only one family, namely, Forficulidae, represented 

the order, 

ODONATA : 

This order comprised -e^- 2 numbers of 

individuals and 0,02/b of the t o t a l annual insec t 

co l lec t ion of the f i r s t year and of 1 number of 

individual and 0,01% of the t o t a l annual insec t 

co l lec t ion of the second year. The monthly f luc­

tuat ion of the order for the en t i r e experimental 

period have been shown in Tables '5.1, 5,2 and 

Figures 5.1, 5,2 and 5-13. 

During the f i r s t year the order uas 

col lected in July 1 (50.00^) and August 1 (50.00^) 

and uers absent for the res t of the months. During 

the second year i t uas col lected in August 1(100,005?) 

and uere absent for the r e s t of the months,' 

The re la t ionsh ip of the monthly t o t a l 

collectjion of Odonata and ce r t a in environmental 
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f a c t o r s have been shown i n Tables '5.4- and 'S'.S 

f o r the e n t i r e exper imenta l p e r i o d . During the 

f i r s t year the monthly average minimum and maximum 

temperature and maximum r e l a t i v e humid i t y d id 

not show any s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p 

a t O'.OIJ^ and 0,05^ l eve l s u h i l e the minimum r e l a ­

t i v e humid i ty and the monthly t o t a l r a i n f a l l 

showed s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p a t 0.05% 

l e v e l . During the second year the monthly average 

minimum and maximum temperature, minimum and maxi ­

mum r e l a t i v e humid i t y and the monthly t o t a l r a i n -

. f a l l d i d not show any s i g n i f i c a n t r e l a t i o n s h i p a t 

O.OÎ J^ and O.O57S l e v e l s . 



Figure S-Hi Adults of Cyclosla panthona Cram, r ea r ed 

In Laboratory , 
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5.3 : BIOLOGY OF nADOR INSECT PESTS : 

5 ,31 : C y c l o s i a pa'nth'ona Cram, 

5.311 : Morphology t 

n a l e — The a d u l t male i n s e c t i s 

abou t 11 ,80 mm ( r a n g e 10 .00 - 12.'50 mm) i n l e n g t h u i t h 

u i n g - s p a n o f abou t 32 ,80 mm ( r a n g e 31 ,00 - 35 ,00 mm). 

I t i s b rown ish b l a c k i n c o l o u r u i t h dark m e t a l l i c 

b l u e t i r r g e . The abdomen has some u h i t e shades on t h e 

v e n t r a l s u r f a c e . The f o r e - u i n g i s u i t h se\ien and the 

h i n d - u i n g i s u i t h f o u r u h i t e s p o t s on t h e d i s t a l 

b o r d e r s v i s i b l e on bo th the s u r f a c e s . The an tenna i s 

b i p e c t i n a t e and measures abou t 6 mm i n l e n g t h . 

Female — The a d u l t female i s abou t 

13 .30 mm ( r a n g e 12 .00 - 14 .00 mm) i n l e n g t h u i t h u i n g -

span o f about 44 .40 mm ( r a n g e ^J^2.00 - 46.00 mm). I t 

i s b r o u n i s h b l a c k i n c o l o u r . The f o r e - u i n g i s u i t h 

t e n and t h e h i n d - u i n g i s u i t h seven u h i t e s p o t s on 

t h e d i s t a l b o r d e r s v i s i b l e on b o t h t h e s u r f a c e s . The 

b i p e c t i n a t e an tenna measures a b o u t 7 mm i n l e n g t h 

( F i g u r e 5 f4). 

5 ,312 t Deve lopmen ta l Stages ; 

The female moth l a y s eggs i n c l u s t e r s 

o f 161 ( r a n g e 122 - 251) eggs on the louer surface of 

t h e h o s t t r e e l e a f . The h a t c h e d ou t l a r v a e f e e d on 



Figure "DIS : Cyclos ia panthona Cram, la rvae feeding on t h » 

leaves of Aporosa r o x b u r q h l l . 

^ U\ J K A W I 



118 

the younger leaves and pass through s i x i n s t a r s 

(Figure4.15 );• The 6th i n s t a r l a rvae pupate on f a l l e n 

leaves or i n c rev ices on the ground. The s i ze of 

var ious developmental stages have been shown i n 

Table 5̂9 and Figure5-1? and t h e i r d u r a t i o n i n Table 

^•10and Figure Ĵ -'Zi?,. 

( A ) Eggs : 

The eggs are l i g h t y e l l o u i n co lour 

and ova l i n shape u i t h smooth c h o r i o n . The average 

leng th o f the egg i s 0»78 mm. They t u r n dark grey 

before ha t ch ing . 

( B ) Larva l I n s t a r s : 

1s t Larva l I n s t a r : 

Freshly hatched out la rvae are l i g h t 

y e l l o u i n co lour u i t h dark samber co loured head-

capsu le . I t measures about 2,'20 mm (range 2.10 -

2,30 mm) i n l e n g t h . The head-capsule i s p a r t i a l l y 

covered over u i t h a s h i e l d - l i k e extens ion o f the 

p ro tho rac i c segmemt, A feu l i g h t co loured s h o r t 

b r i s t l e s are seen a r i s i n g out from the uar ts on 

the dorsa l sur face o f the body. The mean head-

capsule u id th i s 0.46:'^ mm (range 0.45 - 0,50 mm) 

(Figure516 ) . 
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2nd Larva l I n s t a r : 

This i n s t a r i s pa le greenish 

i n co lour w i th red t i nge on the two a n t e r i o r and 

the tuo p o s t e r i o r segments. I t measures about 3,'10mm 

(range 3.00 - 3,20 mm) i n l eng th . ' A r i n g o f s i x 

redd ish uar ts surrounding a c e n t r a l uh i t e spot i s 

seen d o r s a l l y on each segment except the p o s t e r i o r 

most tuo segments uhich have four uar ts on each. 

L igh t y e l l o u i s h u h i t e h a i r y b r i s t l e s are present on 

each u a r t . The mean head-capsule u i d t h i s 0.54 mm 

(range 0.53 - 0.55 mm) ( Figure 5-1«:). 

3 rd Larva l I n s t a r : 

Larger i n s i ze but the morphology 

and co lour p a t t e r n of t h i s i n s t a r i s s i m i l a r to t h a t 

o f the 2nd i n s t a r . I t measures about 4.60 mm (range 

4,'50 - 5,00 mm) i n length , ' The mean head-capsule 

u i d t h i s 0.87 mm (range O.'BS - 0.88 mm) (F igu re 5-16)V 

4th La rva l I n s t a r : 

S t i l l l a r ge r i n s i ze but the 

morphology and co lour p a t t e r n o f t h i s i n s t a r a lso 

i s s i m i l a r to the e a r l i e r i n s t a r s , ' I t measures 

about 9.60 mm (range 9'.*50 - lO.'OO mm) i n length. " 

The mean head-capsule u id th i s about 1,22 mm 

(range 1.'20 - 1.'24 mm) (Figure5-17), ' 
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5th La rva l I n s t a r : 

This i n s t a r i s l a r g e r i n s i z e 

u i t h o u t any n o t i c e a b l e change i n appearance and 

co lour p a t t e r n than the e a r l i e r i n s t a r s . l t measures 

about 11.'70 mm (range 11.50 - 12.00 mm) i n l e n g t h . 

The mean head-capsule u i d t h i s about 1,57 mm (range 

1,50 - 1,60 mm) (F igu re 5:17), 

6th Larva l I n s t a r : 

This i n s t a r a t t a i n s maximum s i ze 

u i t h o u t any change i n appearance and co lour p a t t e r n . 

The la rva to g i ve r i s e to male moth i s smal ler and 

measures about 14,85 mm (range 14,^50 - 15,00 mm) and 

the la rva to g i ve r i s e to female moth i s l a r g e r and 

measures about 20.90 mm (range 20,'50 - 21 .'00 mm) i n 

l e n g t h . The mean head-capsule u i d t h i s about 2.17 mm 

(range 2.10 - 2.'20 mm) of the male and about 2.'00 mm 

(range 1.90 - 2,'00 mm) of the female (F igu re 5-17). 

(C) Pupal I n a t a r : 

The 6th l a r v a l i n s t a r on a t t a i n i n g 

f u l l s i ze spins a reddish p a p e r - l i k e cocoon around 

i t s e l f and en ters p re-pupa l s tage. The pre-pupa moults 

i n s i d e the cocoon i n t o pupa. The mean length o f the 

male pupa i s about 10.90 mm (range 10', SO - 11,'OO mm) 

http://instars.lt
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and t h a t o f t h e fema le pupa i s abou t 12 .90 mm 

( r a n g e 12 .50 - 13 .00 mm). At t h e b e g i n n i n g t h e 

pupa i s y e l l o u i n c o l o u r which t u r n s l a t e r on 

i n t o b r o u n i s h b l a c k b e f o r e t h e emergence o f t h e 

moth ( F i g u r e 5.18). 

5 ,313 : P o p u l a t i o n O^fnamics : 

Cyclo 's ia ' p'anth'ona Cram.' i s 

t r i v o l t i n e and comp le tes t h r e e g e n e r a t i o n s i n t h e 

Balphakram N a t i o n a l U i l d - l i f e S a n c t u a r y : 

( a ) Rainy Season (f'lay - Ou ly ) G e n e r a t i o n ! 

I n t h i s g e n e r a t i o n t h e moths l a y 

eggs i n Hay, t h e l a r v a l s t a g e s occu r f rom i^ay t o 

D u l y , p u p a t i o n o c c u r s a t t h e end o f I j l y and t h e 

neu moths emerge i n Duly - A u g u s t . The l i f e c y c l e 

i s comp le ted i n 77 t o 85 days , 

( b ) Autumn Season (Augus t - O c t o b e r ) G e n e r a t i o n : 

I n t h i s g e n e r a t i o n t h e moths l a y 

eggs i n Augus t , t h e l a r v / a l s t a g e s occur f rom August 

t o Oc tobe r , p u p a t i o n o c c u r s a t t h e end o f Oc tobe r ^ 

and the neu moths emerge i n Oc tober — Wouember, The 

l i f e c y c l e i s comp le ted i n 82 t o 88 days . 

( c ) U i n t e r Season (f*Jo\/ember - A p r i l ) G e n e r a t i o n : 

I n t h i s g e n e r a t i o n t h e moths l a y 

eggs i n Nouember, t h e l a r v a l s t a g e s occur f rom 
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November to 3anuary, pupatlfon occurs at the end 

of Danuary and undergo diapause. Diapause is 

broken in early May and adult emerges out.' 

5"|314 : Life Table : 

Partial life tables of the 

three generations of dy'dl'os'i'â  ̂lyn̂t̂h'o'n̂â  Cram, have 

been prepared on the format of Morris and Miller 

(1954) followed by Mason and Thompson (1971) uith 

the help of density estimates of the eggs and 

different stages of the larvae and mortality factors 

operating in the system (Tables ;̂.I1, fii2 and 3̂3)"7 

As it uas not possible to analyse the density of 

each larval instar separately the larvae uere grouped 

in tuo categories,' namely, smaller larvae (ist/ 2nd 

and 3rd instars) and larger larvae (4th,- 5th and 6th;, 

instars)^ Pupal and adult stages have not been taken 

Into consideration*' 

In the Rainy Season Generation 

the mean number of eggs uas 161i3 (range 122-251), 

smaller larvae 124,̂ 7 (range 97 - 174) and larger 

larvae 54,'3 (range 35 - 64),^ In the Autumn Season 

Generation the mean number of eggs uas 175;"9 (range 

122 - 234), smaller larvae 144'̂ 8̂ (range 118 - 193) 

and larger larvae 88';*8 (range 53 - 105)? In the 



Table v^.lf : P a r t i a l L i f e - t a b l e of the Rainy Generation of dy'c'l' oWi'â  

pantho'na| Cram, during 1981 i n t h e Balphakram Sanctuary. ' 

roay 

June 

July 

] M ' J n ~ n 

Months Age Number Factors Number dx as 

I n t e r v a l Alive a t Responsible Dying Percen tage 

(x ) s t a r t of for dx during of 1x 

X, ( l x ) (dx F) . . , ( d x ) t (lOO:qx:V-^ 

Eggs 

S m a l l 

La rvae 

Large 

La rvae 

Summary 

161 .3 

124,7 

' 

54 .3 

\ 

I n f e r t i l i t y 

R a i n f a l l 

U ind 

Unknoun 

Sub T o t a l 

R a i n f a l l 

U ind 

P a r a s i t e 

Unknoun ] 

Sub T o t a l 

R a i n f a l l 

U ind 

P a r a s i t e 

D isease 

Unknoun . 

Sub T o t a l 

o f M o r t a l i t y : 

I n f e r t i l i t y 

R a i n f a l l 

U ind 

P a r a s i t e 

D isease 

Unknoun . 

2 . 5 

4.'3 

21,'6 

8 , 2 1 J 

36.^6 

20 ,7 

32,'2 ' 

5 ,1 

t1.2,-4 ; 

7 0 , 4 

6,'6 

8,9 

7 ,5 

20,'2 

\ • 6;,-3- ; • 

49,5 

2 , 3 

31 ,6 

6 2 . 7 

1 2 ,6 

20,'2 

26,9: , 

1,5 

2,'6 

13',"̂ '3 

1 5 ,b • t 1 

2 2 , 4 

16','5 

2 5,-8 

4',0 

, ! ! 9:,'.9! 1 ^ ] 

5 6 , 2 

12 Vl 
16.3 

13,-8 

37.'2 

1 •, .1-1*.̂ 6- i ] 

9 1 , 0 

U'5 

19,'5 

3 8,'8 

7 . 8 

1 2'.'5 

, 16-.6 , 

Total 156.5 96.7 



Tab le 5.12 : P a r t i a l L i f e - t a b l e o f t h e Autumn G e n e r a t i o n o f Cv^cl'O'siW 

p^anthona' Cram, d u r i n g 1981 i n t h e Balphakram Sanctuary ' , ' 

Months 

August 

September 

October 

Age 

I n t e r v a l 

( X ) 

Eggs 

S m a l l 

La rvae 

Large 

Larvae 

Summary 

Number 

Alive at 
s t a r t o f 

X ( l x ) 

175.9 

1 44 .8 

88 ,8 

o f n o r t a l i 

• 1 

F a c t o r s 

R e s p o n s i b l e 

f o r dx 

(dx F) 

I n f e r t i l i t y 

R a i n f a l l 

Unknown , ^ i 

Sub T o t a l 

P a r a s i t e 

D isease 

Unknoun ., ] \ ] 

Sub T o t a l 

P a r a s i t e 

P r e d a t o r 

D isease 

U,nkno,un. • . i 

Sub T o t a l 

t y : 

I n f e r t i l i t y 

R a i n f a l l 

P a r a s i t e 

P r e d a t o r 

D isease 

Unknown. : 11 

Number 

Dy ing 

d u r i n g 

( d x ) 

3Vl 

2 : 2 

S25.B; ) 

31V1 

7 . 5 

2 5 , 4 

^23>j1i 1 

56 . 0 

8.'2 

1.'6 

26 .7 

,10.b , 

47 .3 

3'Jl 
2.2 

15'.'7 

i.;6 

52,^1 

;5,9,.i7, ! 

^ 

dx as 

P e r c e n t a g e 

o f l x 

(ilOO. qx.)i ! , 

i^V 
1,'2 

1l4v,& ; . 

17 .5 

5.'1 

17 ,5 

1l5','9] •• ! 

38'.'5 

9 . 2 

1'.'8 

3 0 . 0 

1I2.1I, ; , 

53v1 

1.7 

l'.'2 

8 .9 

iVe 
29V6 

,̂ 3-3--.-'9 ] 1 

T o t a l 134 .4 77, '1 



Table 5,(3 P a r t i a l L i f e - t a b l e o f t h e U i n t e r G e n e r a t i o n o f Cy'cl^oWi'a 

pantho'na' Cram, d u r i n g 1981 and 1982 i n t h e Ba lphakram 

S a n c t u a r y . 

r ionths 

November 

December 

Danuary 

Age 

I n t e r v a l 

( X ) 

Eggs 

S m a l l 

La rvae 

La rge 

La rvae 

Summary 

Number 

A l i v e a t 

s t a r t o f 

X ( l x ) 

347.'1 

1 

326 .8 

193.0 

i 

o f n o r t a l i t y 

1 

Fac to r s 

R e s p o n s i b l e 

f o r dx 

(dx F) 

I n f e r t i l i t y 

Unknoym i i 

Sub T o t a l 

P a r a s i t e 

P r e d a t o r 

Ois eas e 

D i s p e r s a l 

Unknown; i ; i 

Sub T o t a l 

P a r a s i t e 

P r e d a t o r 

D isease 

D i s p e r s a l 

Unknoun •, > 

Sub T o t a l 

• • 

I n f e r t i l i t y 

P a r a s i t e 

P r e d a t o r 

D isease 

D i s p e r s a l 

Unknouni = ( \ 

Number 

Dying 

d u r i n g 

( d x ) : 

2.9 

: ,1|7.^4.i i 

20 .3 

3 .'2 

1.9 

1 4 .'6 

ea'.V 
! , 25;.(4 ] 

133.8 

15 . "5 

4 .3 

5 2.'8 

70.'6 

: • 2 0 . ^ 1 , , i 

163.3 

2 .9 

18 .7 

6 .̂''2 

6 7 . 4 

1 5 9 . 3 

6-2 . i ^ . 

dx as 

P e r cen tage 

o f l x 

i - (100; :qx> . • 1 

0 .8 

! 5i;o i 

5.'8 

0 .9 

0 .5 

4 .4 

27o'1 

•-. . 7 v7 ; I] 

40.6 

s'.'o 
2.^2 

27 i 3 

3 6.'5 

M i0 - . ' 4 ; : • 1 

84'."4 

0.'8 

5.^3 

1V7 

1 9 . 4 

45r'8 

J 1 l1l8' , i l i 1 1 J 

T o t a l 317 ;4 9 1 . 1 
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Ulnter Season Generation the mean number of the 

egge uas 347;'1 (range 245 - 605 ) , smaller larvae 

326i'9 (range 216 - 435) and larger larvae 193^^0 

(range 138 - 289)1 

The larvae shou a gregarious 

habi t throughout t h e i r l i fe-spanV From 1st to 3rd 

instar the larvae feed on the louer surface of 

the leaves of the host t r e e , Igo^r'ilsW go^ '̂u^oH îfr $ 

From 4th instar onwards the larvae consume the 

whole lea f . Though sluggish in nature they slouly 

move out in search of food to the other leaves. 

They also hang down through the i r s i lken sa l ivary 

thread and sometime craul doun through the trunk 

to the other t rees . I t uas noted during the f i r s t 

tuo generations of rainy and autumn seasons due 

to continuous sprouting of fresh leaves of the host 

trees and lou density of the larvae on each tu ig 

they l i v e even upto 6th instar on the same tuig'? 

There was no remarkable dispersal of the larvae for 

food in these generations.^ However, with age and 

growth in size the mean density of the ra iny season 

generation larvae decline from 124?7 per tu ig to 

54i'3 per tuig and of the autumn season generation 

larvae decline from 144V'8 per t u i g to 88-î 8 per tu ig 

and of the winter season generation larvae decl ine 

from 326ir8 per tu ig to 193^0 per tu ig . ' 
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Surv ivorsh ip Curves ~ The s u r v i v o r s h i p 

curves of t h e developmental s t a g e s of t h e t h r e e 

g e n e r a t i o n s of Cyt^lds^i panth'ti'rJal Cram,' have been 

shoun i n Figure S-ll .Su rv ivo r sh ip curves shou t h e 

s u r v i v a l of d i f f e r e n t l i f e s t a g e s u i t h i n t h e 

g e n e r a t i o n which i s dep ic ted by p l o t t i n g the ndmber 

of the l i v i n g s t a g e s over t ime . The degree of s l o p e 

i n the graph shows the m o r t a l i t y r a t e of d i f f e r e n t 

developmental s t a g e s in the n a t u r a l system,^ 

The s u r v i v a l pe rcen tage of d i f f e r e n t 

s t a g e s of dycjlosfa' pari^^o^B Cram, in t h r e e d i f f e r e n t 

g e n e r a t i o n s ue re as follows : 

G'e-rieVa-tron' CQ̂ Q' S'm'a'lir I ' a rW UaVtfê  IVrvfa^ ^r^eoWgl'^gfeol 

Rainy 77?6^ ^zh% 9V0^ zh% 

Autumn 

Winter 

8 2 . 5 ^ 

9 4.'2^ 

61,'5^ 

59:?49S 

4 6 . 9 ^ 

15^65^ 

22',"9?S 

B%% 

najor causes of m o r t a l i t y of the deve lop­

mental s t age s i n the t h r ee g e n e r a t i o n s can be analysed 

as fol lows : Rainy Season Generat ion - r a i n f a l l 19, '5^/ 

wind 38,8J^, p a r a s i t e 7 ,8^ , d i s e a s e 12 ,5^ and uncount­

a b l e reasons 16,^6^; Autumn Season Generat ion - p a r a s i t e 

8,'95S, d i s e a s e 29 ,6^ and unaccountab le reasons 1 8 , 1 ^ ; 

Uinet Season Generat ion - p a r a s i t e 5,^3%, d i s e a s e 19,'4^, 

d i s p e r s a l 45,̂ 8?$ and unaccountable reasons 18*,?1^.' Thus, 

dur ing r a iny season , r a i n and wind; during autumn 



Figure 5-21J 3 Percentage o f i n f e c t i o n and t o t a l 

d e f o l i a t i o n of Apofo's'a r'dxbur'qh'i'i^ 

by Cydl'oVi^ai pa r̂it-h'dr?a^ Cram.- dur ing 

November^' 1979 to January, 1982;^ 
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season, d i s e a s e and unknown f a c t o r s and during 

u i n t e r season , d i s e a s e and d i s p e r s a l cause much 

lo s s of t h e developmental s t a g e s in the forest,'^ 

5,315 ; Host Tree and I n f e s t a t i o n : 

The l a rvae of Cycl'o'sia' p^a'n'th'ona^ Cram'.' 

appear r e g u l a r l y on t h e t r e e , Aporosa r'o'x'b'u'r^dh'i'i' (L) 

Ual l in t h r e e seasons , namely, r a iny , autumn and 

u i n t e r i n a year in t h e Balphakram Nat iona l U i l d - l i f e 

Sanctuary , I t i s only t h e l a r v a l s t ages uhich I n f e s t 

t h e hos t t r e e feeding on t h e leaves , ' No o the r s t a g e 

i s found to i n f e s t t he hos t t r e e . A l t e r n a t e hos t 

p l an t could not be recorded, ' 

Monthuise pe rcen tage of i n f e s t a t i o n 

and t o t a l d e f o l i a t i o n of t h e hos t t r e e s by t h e 

l a r v a e has been shoun in Figure 5ri2.i, 

From November, 1979 to January, 1982,^ 

monthuise pe rcen tage of t r e e s i n f e s t e d by t h e l a rvae 

uere as f o l l o u s : November '79 (45^ ) , December '79 

(70^) , January'BO ( 5 2 ^ ) , February »80 {0%), March 

•80 ( 0 ^ ) , Apr i l •80 (O^), May •BO ( 1 5 ^ ) , June '80 

(19^) , July '80 ( 1 1 ^ ) , August »80 (129S), September 

•80 (18%), October •BO (29%), November '80 (41%), 

December »80 (86%), January •Bl (31%), February »B1 

(0%), narch »81 (0%), Apr i l •Bl (0%), Play '81 (l4%)," 

Dune '81 (22%), Duly '81 (15%), August '81 (6%), 



Flgur . 5.0.5 : iaorosa roxburahU t ree t o t a l l y de fo l ia ted 

by the larvae of Cycloeta panthona. 
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September *81 ( 2 1 ^ ) , October '81 (34^ ) , ' November 

•81 ( 6 0 ^ ) , December '81 (87?g) and January •82 (31?^)? 

OurinQ tS i s pe r i od monthulse 

percentage o f the t o t a l l y d e f o l i a t e d t rees uere as 

f o l l o w s ! November ^79 (2%), December 'Tg (48?^), 

January ' ' ' 8 0 ( 7 8 ^ ) , November '80 (6%), December 

•80 ( 5 2 ^ ) , Danuary *81 ( 8 2 ^ ) , November »81 ( 1 2 ^ ) , 

December ^81 (615?) and January ^82 (95^y. ' 

D e f o l i a t i o n a f f e c t e d the genera l 

h e a l t h o f the t r e e s . I n cases o f t o t a l d e f o l i a t i o n the 
o 

grouth o f the t rees re ta rded and i n some cases the shoots 

uere found dead.C F igure,5r2 3 ) . 

5.-32 : Diap'ha'nia Ja't'ic'os'tWl^Js' Guene 

5.321 : norphology : 

Male — I t i s a medium s ized moth 

w i t h mi lky u h i t e body c o l o u r a t i o n ^ The u lng-span i s 

about 36'."00 mm (range 35,"60 - 36";'50 mm). The c o s t a l 

margin o f the f o r e - u i n g i s dark broun. Both the p a i r s 

o f u ings d i s t a l l y bordered u i t h two t h i n p a r a l l e l 

l i n e s , the p rox ima l one i s b jb roun wh i l e the d i s t a l 

one i s gray i n c o l o u r ; The antennae are f i l l i f o r m 

and measure about 13^'00 mm i n l e n g t h . The probosc is 



Figure 5,24 : Adults af Diaphania l a t i c o s t a l l s Gu«wi ^ 
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i s long. The ©yes are dark samber coloured," The legs 

are slender and ui th t i b i a l spurs . (F^sure s-^-^). 

Female ~ The female i s s imilar to 

tha t of the male in external appearance.*' 4 t i s l i t t l e 

l a rger in s ize u i th large abdomen than t h a t of the 

male. The antennae measure about 14';'*00 mm in length. 

5.322 ; Oe\/elopmental Stages : 

( A ) Eggs ; 

The eggs are dull white, round in 

shape and each measures about 1V00 mm in length. The 

eggs are laid in cluster of about 47 (range 42 - 74) 

eggs on the under .' ' surface of the leaves of the host 

tree, HVJaVrhgna^ a'nt'î dys'gn'trrcJ (Lin.) Uall. They 

have smooth chorion. Hatching takes place uithin about 

18 days. 

(B ) Larval Instars : 

1st Larval Instar : 

The hatched out larvae are pale uhite 

uith dark samber coloured head-capsule.' It measures 

about 1 ,'8 mm (range 1.7 - 1.3 mm) and attains about 

3.8 mm (range 3;̂ 5 - 4i*0 mm) in length at the end of 

the instar. There are a feu short, uhite hairs arising 

out from the uarts of the body, legs and prolegs. The 
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pale oval warts a re d i s t r ibu ted around each abdominal 

segment, except the pos ter ior most one. There i s a 

t ransparent s h i e l d - l i k e extension from the dorsal 

surface of the pro- thoras ic segment covering p a r t i a l l y 

the head-capsule. The head-capsule measures about 

0'i"47 mm (range 0,46 - 0,'50 mm) in uidth by the end 

of the ins ta r , ' Duration in t h i s i n s t a r i s about 9 

days ( r igure525) , 

2nd Larval Ins tar : 

Larvae in t h i s i n s t a r are more or 

l e s s s imilar to the 1st i n s t a r . Houever, in t h i s ins t a r 

there are appearance of uarts on the thoras lc segments 

a l s o . The pro- thoras ic shield becomes l i gh t dark/ The 

maximum length a t t a ined in t h i s i n s t a r i s about 5;8 mm 

(range "'^5,2 - 5.3 mm). Duration in t h i s i n s t a r i s about 

7 days, 

3rd Larval Ins ta r j 

In th i s i n s t a r the larvae turn 

samber coloured and the uar t s become dark,' The head-

capsule turns orange red. The legs and the prolegs 

also become dark. The pro- thoras ic shield becomes dark 

orange uith a small dark coloured ua r t . Each of the 

meso and metathorax has seven uar t s l a t e r a l l y in tuo 

groups of three and four.' In the an te r io r most tuo 

abdominal segments fourteen u a r t s , in each, makes a 



FIG ^^^.'^ 

]c,\ I N S I A R 

2 n d IN STAR 

5 t h IN''-TAR 



Figure 5^.2^: 3rd I n s t a r la rvae of Dlaphania l a t l c o s t a l i s 

on the leaves o f hos t t r e e Holar rhena 

a n t i d y s e n t r i c a « 
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ring circling around the segment! The next four 

abdominal segments have got ten uarts, each, dis­

tributed dorsolaterally. The next 7th and 8th 

abdominal segments have fourteen uarts in each, in 

a ring circling the segments. The 9th segment has 

nine uarts in a ring. The 10th segment is uith a 

big dark spot dorsally. There is one oval uhite spot 

laterally on each side from 1st to 7th abdominal 

segment. From each spot arises out one small and 

short uhite hair. There are some still short hairs 

coming out from the head-capsule, prologs and leg 

segments, Maximum length attained in this instar is 

about 9,70 mm (range 9.5 - 10,'0 mm). The mean head-

capsule uidth is about 0,87 mm (range 0,93 - 0,-99 mm) 

by the end of the instar. Duration in this instar is 

about 8 days', (f̂ igjl̂ e, >"̂ ,̂ 2̂ ", 
S - -•:̂  

4th Larval Instar : 

This i n s t a r i s s i m i l a r to the 3rd 

i n s t a r i n e x t e r n a l appearance," I t a t t a i n s the maximum 

leng th o f about 12,7 mm (range 12.5 - 13,0 mm). The 

mean head-capsule u i d t h i s about 1,22 mm (range 1,20 

1 ,'24 mm) by the end o f the i n s t a r , ' Dura t ion i n t h i s 

i n s t a r i s about 10 days, 

5 th La rva l I n s t a r : 

Th is i n s t a r i s s i m i l a r to the 3 rd 
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and 4th i n s t a r s i n e x t e r n a l appearance. The l a r v a 

t h a t uould become male moth a t t a i n s maximum o f 

about 29.7 mm (range 29^0 - 30.0 mm) and the l a r v a 

t h a t uould become female moth a t t a i n s maximum o f 

about 31^'2 mm ( range 31'̂ '5 - 32.0 mm) i n l e n g t h . The 

maximum mean head-capsule u i d t h o f the male l a r v a 

i s about 1,75 mm (range 1.71 - 1.̂ 76 mm) and o f the 

female l a r va i s about 1 ,'97 mm ( range 1.84 - 1,88mm).'' 

Du ra t ion i n thSs i n s t a r i s about 8 days ( F i g u r e 5 2 9 ) . 

(C) Pupal I n s t a r : 

Pre-pupa : 

The full groun larva stops feeding , ueave 

a net of its silken thread all around its body r finside 

a leaf-roll of the host tree. The larva shortens its body 

length and becomes lanceolate and remain silent for pupa­

tion. 

Pupa ; 

The pre-pupa moults and tu rns i n t o a pupa. 

The a n t e r i o r p a r t o f the neu pupa i s orange y e l l o u uhich 

t u rns dark samber u i t h i n about 24 h r s ^ The pupa l du ra t i on 

i s about 14 days. The a d u l t moth emerges out by c u t t i n g 

a 'hole a t the a n t e r i o r p a r t o f the cocoon (Figure-527). 
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5,'323 : Popu la t i on Dynamics ; 

The female moths o r e f e r 

f resh succulent leaves o f t he hos t t r e e , ^S^at'T\4e^^ 

a'rft'idy'syrltri'ca^ ( L i n . ) U a l l f o r o v i p o s i t i o n . ' The f i r s t 

evidence o f l a r v a l a t t ack i s asce r ta ined by the c u r l i n g 

l e a f - r o l l on the host t ree, " S ing le l e a f or more than 

one l e a f r o l l e d toge ther w i th u h i t e s i l k e n th read by 

the lasvae to make a l e a f - r o l l f o r t h e i r s h e l t e r and 

f e e d i n g . The e a r l y stage l a r vae feed on the upper su r ­

face o f the host l e a f . As the c h l o r o p h y l l con ten t i s 

over the la rvae move outward i n groups, make a neu l e a f -

r o l l and s t a r t f eed ing . From the 4th i n s t a r onuards 

the l a rvae feed on the uhole l e a f content l eav ing on ly 

the p a r t s o f the m i d - r i b , From the 4th i n s t a r onuards 

the gregar ious l a r vae regroup i n t o smal ler groups i n 

d i f f e r e n t leaves o f the same shoot or i n d i f f e r e n t 

shoots o f the same t r e e . 

6£Mani''i I'M^^oWa'tf-i Guene 

i s found a t l e a s t i n th ree ove r lapp ing genera t ions i n 

a year i n between mid August to e a r l y A p r i l i ' From August 

onuards the a t tack increases t i l l i t reaches a peak i n 

February a f t e r uh ich i t decreases s l o u l y by A p r i l ' , Pupa­

t i o n takes p lace i n the l e a f - r o l l on the host t r e e . Adul ts 

emerge out i n e a r l y August, Adu l t moths are n o c t u r n a l 

and are a t t r a c t e d to l i g h t - t r a p . ' 



Flgure5-28 ; Cocoons o f p a r a s i t i c Apanteles sp. over 

dead l a r v a of Diaphanla l a t i c o s t a l i s . 
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Cannibalism uas observed among the 

_D, iWtlcostalis^ larvae in the field as usll as in 

rearing. Mostly the ueak, parasite infected and 

dead larvae usre eaten by other healthy larvae. 

Cannibalism uas recorded from 4th instar onwards. 

Some larvae in the field uere found 

to be infected by Apante'l'e'ŝ  sp. (Hymenoptera ; 

Braconidae), a larval stage parasite. The mature 

parasite larvae come out from the host larvae 

and spin white cocoon around themselves over the 

dead remain of the host larvae (rigure?'28 ). 

5.'32-4 : Host Tree : 

The host t ree , tfgla'r'rhana; antldyWeint'ricW 

( L i n . ) Ua l l (Family : Apocynaceae) is a common 

uoody t ree in Balphakram National U i l d - l i f e Sanctuary. 

Leaves and shoots of the tree i s used against amoebic 

dysentery by the loca l people. The uood i s used for 

construction of house and as f i re-uood (Flgura^S^)^' 

This t ree is important i n the sense that 

i t reclothes yaste land very fast and is one of the 

f i r s t to come up in Ohum fa l lous and the l a s t to 

disappear in the denunded areas. I t i s also reported 

to act as nurse to more valuable species such as Sal, 

Sh'orea robusta seedlings in p lantat ion fo res t ry . 



Pig. 5.29 : Htlaritiena antidysentrioa t ree . 
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S7A : niNOR INSECT PESTS : 

5 .41 : D'eltiray dgs^ccTmb'e's'l' 

(Lep ldoptera : P y r a l i d a e ) 

This i s a medium s ized b u t t e r ­

f l y commonly found dur ing October to February i n 

f l i g h t . I t s l a r v a l s tage feed on the leaves of G'l̂ ei/i-a-

itii'c'foco^ Linî ~ a medium s ized uoody t r e e common i n the 

Balphakram forest".' Larvae a r e y e l l o u i n colour and 

gregar ious i n n a t u r e . Pupat ion occurs i n groups on 

the host t r e e leaves or on some other t r e e or shrub 

l e a v e s . 

I n Balphakram f o r e s t the l o c a l 

people use the t r e e only fo r f i r e - u o o d and f o r o ther 

household purposes. The p l a n t i s s a i d to be used f o r 

i n d i g e s t a t i o n , eczyma and i t c h , t ypho id fever,!^ dysentery 

and s y p h i l i c u l c e r a t i o n o f the mouth (,'Anonymous, 1 9 5 6 ) . 

5i^42 : nWlWr^itfa-i j^me^rie' 

(Lep ldoptera : S a t y r i d a e ) 

This i s a medium s i zed b u t t e r f l y 

found i n shaddy places dur ing Movember to Februaryi'' 

I t i s commonly known as Rice b u t t e r f l y . The l a r v a e 

feed on the leaves o f the paddy i n the s h i e f t i n g c u l ­

t i v a t i o n f i e l d dur ing A p r i l to May. 
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5,'43 ; Di'Cla-dls'pa' aT̂ mi'q'era' 

(Coleoptera ; Chrysomelidae) 

It is commonly known as Rice 

Hispa. Adults are found to attack rice and maize and 

reduce production. Found in shiefting cultivation 

field during Warch to l*lay.' 

5.-44; ^x^diStM6ii fdsmi^ims 
(Coleoptera : Chrysomelidae) 

This i s orange red coloured beet le 

found to at tack vegetables of Cucurbitaceae family in 

shif-fting cu l t i va t ion f ie ld during narch to Apri l . I t s 

another host p lan t recorded i s Glel'drdden'dfr'dn sp» 

5;45 : cdi'Jd'cH'nJ spV 

(Coleoptera : Coccinellidae) 

This lady-bird beet le a t tacks 

Br inja l and Cucurbitaceae vegetables in shi^-fting 

cu l t iva t ion f ie ld as nymphri as ue l l as adult during 

flarch to flay '̂ I t s another host plant recorded i s 

ni'ch'a'n'e'a s p , , a ueed in p lanta t ion fores t ry . 

5^46 : n'yla'brl^s^ iJh'a'Ĵ r̂ a t̂al 

(Coleoptera ; rteloidae) 

This b l i s t e r bee t le a t tacks the 

thatching grass as young as u e l l as adult during May 

to Duly.' 
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5,'47 : Ch'rVsoch'roa cH î̂ h'e'n's'lW 

(Coleoptera : Buprestidae) 

n e t a l l i c green coloured 

Coleoptera found to make tunnels In the fa l len uood 

In the forest during Dune to August';* 

(Orthoptera : Acrididae) 

This insect i s found throughout 

the year in the fores t on d i f fe ren t t rees and p lants? 

Young and adul t at tack the r i c e f ie ld in shi?^fting 

cu l t iva t ion during March to May.' 

5^49 : L^^tJ^o^yr^x^ WiSo'TJiis-

(Hemiptera : Coreidae) 

This insec t i s found to a t tack 

r i c e f ie ld as young as ue l l as adul t in shi-^fting 

cu l t iva t ion during April to May^ Alternate host p laqts 

recorded uere r!i'd'hWnya' sp̂ P and giV'ge¥o^(la% îl§ sp.' 
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5t̂ 5 : RELATIVE TOXICITY 

5v51 : Relative Toxicity Test on CytJioVii ^^t^thWi''; 

5','511 : Relative Toxicity Test ui th Specific Insec t i c ide : 

Nuvacron 40 EC j 

In th i s i n s e c t i c i d a l treatment in 

0,00255$ concentration l a rva l .mor ta l i t y of '§^^iSS^i 

pWrit̂ Honâ  was 0% a t 1, 3 and 6 h r s , 2?? a t 12 h r s , 

2A% a t 24 and 48 h r s . In O.'OOB^ concentration morta l i ty 

uas 0^ at 1, 3 and 6 hrs , 1095 at 12 h r s , 28^ at 24 

and 48 hrs,* In OvOI^ concentration mortali ty uas 0% 

at 1, 3 and 6 h r s , 12^ a t 12 h r s , 38^ a t 24 hrs and 

40^ a t 48 hrs, ' In 0,'025? concentrat ion mortal i ty uas 

0% a t 1, 3 and 6 h r s , 26^ a t 12 h r s , 5A% a t 24 and 

48 h r s . In 0i'04^ concentration mortal i ty uas 0% a t 

1, 3 and 6 h r s , 22^ a t 12 h r s , 605̂  a t 24 hrs and 66?̂  

a t 48 hrs (Table^.W and Figure 5*30);' 

There uas no morta l i ty in the con t ro l , 

Cythion 50EC : 

In t h i s i n s e c t i c i d a l treatment a t 

0,0025^ concentration la rva l morta l i ty uas 0% a t 

1 and 3 h r s , ^0% a t 6 h r s , 14^ a t 12 h r s , 34^ a t 

24 and 48 hrs^' In O'f'005^ concentration mortal i ty 

uas 0% a t 1 and 3 h r s , 18^ a t 6 h r s , 26% a t 12 hrs^' 



jentage of dyclo'si'a' panthonia" Cram, larvae 

Table 5. . : '^-';i'^;i^'::Z-nl ^ ^ - ^ ^ 0 . 4CEC. C t . l o n SOEC. 
t rea 
Eka 

laux 25EC and Thiodan 35EC. 

C o n c e n t r a t i o n 

Pe rcen tage 

0.0025 

0.005 

0 .01 

0 .02 

0 .04 

C o n t r o l 

0 .0025 

0.005 

0 .01 

0 .02 

0 .04 

C o n t r o l 

0,0025 

0 .005 

0 .01 

0 .02 

0 .04 

C o n t r o l 

0.0025 

0 .005 

0.01 

0 ,02 

0 .04 

C o n t r o l 

I h r 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Nuuacron 40EC 

3 h r s 

0 

0 

0 

0 

0 

0 

n 

0 

g 

6 

12 

0 

f̂  

16 

24 

26 

18 

0 

8 

56 

52 

56 

68 

0 

6 h r s 

0 

0 

0 

0 

0 

0 

C y t h i o n ! 

10 

18 

22 

30 

36 

0 

Eka laux 

10 

52 

74 

84 

90 

0 

12hrs 

2 

10 

12 

26 

22 

0 

50EC 

14 

28 

36 

56 

68 

0 

25EC 

40 

78 

90 

100 

100 

0 

Th iodan 35EC 

16 

88 

76 

82 

94 

0 

50 

88 

100 

100 

100 

0 

24hrs 

24 

28 

38 

54 

66 

0 

34 

48 

52 

80 

80 

0 

48 

90 

96 

100 

100 

0 

54 

92 

100 

100 

100 

0 

48h rs 

24 

28 

40 

58 

66 

0 

34 

48 

54 

80 

84 

0 

48 

90 

96 

100 

100 

0 

58 

92 

100 

100 
100 

0 



Figure 5-30: M o r t a l i t y percentage o f dy^dfoVfe' pifi^fi'dfii CraroV 

l a rvae u i t h Nuvacron 40EC t rea tmen t . 
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f i g u r e 5.3t s M o r t a l i t y percentage o f Cyc'l'oal̂ a^ p'afnt'H'iJria' Cram,' 

l a r vae w i th Cythi-on 50E&' t reatment . 



Figure 5-32 i l*!ortality pe rcen tage of CyVl'o's'i'a^ p ŝ?n't'h'o'ria Crani. 

l a r v a e u i t h Ekalaux 25EC t r e a t m e n t . 
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Figure 5/33: M o r t a l i t y percentage o f Cycids'l^i ^ifl€fidT^a' Cram? 

la rvae u i t h Thiodan 35EC treatment^' 
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48^ a t 24 and 48 h r s . In 0 .01^ concentration 

mortal i ty uas 0% a t 1 hr,' 6% a t 3 hrs, ' 22^ a t 

6 h r s , 369? a t 12 h r s , 52^ a t 24 hrs and 54^ a t 

48 hrsV In 0;'02^ concentration morta l i ty uas 0% 

at 1 hr, 6% a t 3 hrs, ' 30% a t 6 hrs,^ 56^ a t 12 hrs , ' 

80?S a t 24 and 48 hrs," In 0;'04^ concentration 

mortal i ty uas 0% a t 1 hr^' 12^ a t 3 h r s , Z6% a t 

6 h rs , 689? a t 12 h r s , 805? a t 24 hrs and 84^ at 

48 hrs (Table5.14and Figure f'3().' 

There uas no mortal i ty in the control*^ 

Ckalaux 25CC : 

In t h i s i n s e c t i c i d a l treatment a t 

Oi'00259? concentration l a rva l morta l i ty uas 0% a t 1 h r / 

6?? a t 3 hrs , ^0% a t 6 hrs , 40^ a t 12 hrs, ' 485? a t 24 

and 48 hrsV In 0;%05^ concentration mortal i ty uas 0% 

a t 1 hr, 165? a t 3 h r s , 52^ at 6 h r s , 78?? a t 12 hrs';^ 

90^ a t 24 and 48 hrs , ' In Ov'OÎ  concentration morta l i ty 

uas 05? a t 1 hr,' 24^ a t 3 h rs , 74?? a t 6 h r s , 905̂  at 

12 h r s , 96^ a t 24 and 48 hrsV In oV025̂  concentration 

mortal i ty uas 0?? a t 1 hr, 265̂  a t 3 hrs,* 845? a t 6 hrs, ' 

100^ a t 12,̂  24 and 48 hrsV In 0^045? concentration 

mortal i ty uas 05? a t 1 hr,' 18^ a t 3 hrs, ' 90^ a t 6 hrs, ' 

1005^ a t 12,' 24 and 48 hrs".' (Table5.Wand Figure 5.<5̂ )V 

Ha 

There uas no morta l i ty in the control'^? 
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Thiodan 35EC : 

In this insBctlcidal treatment at 

070025?S concentration larval mortality uas 0% at 

1 hr, 8% at 3 hrs, 165̂  at 6 hrs, 50?̂  at 12 hrs, 5^% 

at 24 hrs and 58^ at 48 hrs.' In 0?005^ concentration 

mortality uas 0^ at 1 hr,' 56?̂  at 3 hrs, 88^ at 6 hrs 

and 12 hrs, 92^ at 24 and 48 hrs.' In Q-Î 'OÎ  concentra­

tion mortality uas 0% at 1 hr,' 52^ at 3 hrs, 76^ at 

6 hrs, 100^ at 12, 24 and 48 hrs? In dlo2% concentra­

tion mortality uas 0% at 1 hr, 565̂  at 3 hrs,' 82^ at 

6 hrs, 100/S at 12,' 24 and 48 hrs,'* In oV04^ concentra­

tion mortality uas 0% at 1 hr, 6B% at 3 hrs, 94^ at 

6 hrs, lOOjS at 12, 24 and 48 hrs (Table4-/4 and FiquTB A'^T, 

There uas no mortality in the control; 

5,̂ 5̂12 : Relative Toxicity Analysis : 

Relative toxicity of the four insecti­

cides in five different concentrations and in six 

different time intervals Kave been shoun in Figures 

B.24 and '5.15. 

Nuvacron 40EC did not cause mortality 

in 0i^025?S, 0"i-005̂ , 0?015^, 0^02^ and 0,̂ 04?S concentra-

tions at 1, 3 and 6 hrs of time intervalsV In O'j0025^ 

concentration first mortality (2%) uas at 12 hrs and 

maximum mortality (2A%) uas recorded at 24 hrs.' In 0!,%055J 

concentration first mortality (10^) uas at 12 hrs and 



Figure ''5.3!^ ! R e l a t i v e m o r t a l i t y percentage o f t'^SlddsJ^ 

p'anithoria Cram,' l a r v a e u i t h Thi'odan ^5 EC," 

Ekalaux 25EC, Cythlon 50EC and Nuvacfon 

40 EC, 
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Figure : 5^-25 J R e l a t i v e m o r t a l i t y pe rcen tage of Gycro3'i%^ 

p'an'tho'n'a' Cram.' with Thiodan 35EC, O o l a u x 25ECV 

Cythlon 50EC and Nuuacron AOEC,' 
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maxinjum mortality (28^) uas recorded at 24 hrs. In 

0.^01^ concentration first mortality (12^) uas at 

12 hrs which progressively increased and maximum 

mortality (AQ%) uas recorded at 48 hrsV In 0.02^ 

concentration first mortality {2G%) uas at 12 hrs 

uhich progressively increased and maximum mortality 

(58^) uas recorded at 48 hrsj In 0,^04^ concentration 

first mortality (22^) uas at 12 hrs and maximum 

mortality (66^) uas recorded at 24 hrsi:̂  

Cythion 50EC did not cause mortality 

in all the concentrations at 1 hr and in 0"f0025^ and 

O'i-OOSjS concentrations at 3 hrsi' In 0^0025^ concentra­

tion first mortality (10^) uas at 6 hrs and maximum 

mortality (34%) uas recorded at 24 hrs,' In 0'̂ 0̂05?S 

concentration first mortality (I85S) uas at 6 hrs and 

maximum mortality (48%) uas recorded at 24 hrs,^ In 0'?01% 

concentration first mortality (22%) uas at 6 hrs uhich 

progressively increased and maximum mortality (54%) uas 

recorded at 48 hrs,' In 0j02% concentration first mortality 

(30%) uas at 6 hrs and maximum mortality (80%) uas at 

48 hrs." In 0.*04% concentration first mortality (36%) 

uas at 6 hrs uhich increased progressively and maximum 

mortality ' '(84%) uas recorded at 48 hrs7' 

0<alaux 25EC did not cause mortality 

in all the concentrations at 1 hr of time interval but 

from 3 hrs onuards there uas a progressive increase in 

mortality in all the concentrations,' In 0V0025% concen-̂ ' 
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tration first mortality (6^) was at 3 hrs uhich 

increased progressively and maximum mortality ( 

was recorded at 24 hrs/ In 0'«"005̂  concentration 

first mortality {^6%) uas at 3 hrs uhich increased 

progressively and maximum mortality (90/̂ ) uas 

recorded at 24 hrs.' In Of01% concentration first 

mortality (24^) uas at 3 hrs uhich increased pro­

gressively and maximum mortality (96%) uas at 

24 hrs,' In 0;'02^ concentration first mortality 

(26^) uas at 3 hrs uhich increased progressively 

and maximum mortality (100^) uas recorded at 12 htstf 

In 0;-04̂  concentration first mortality (18^) uas 

recorded at 3 hrs and maximum mortality (lOOjS) 

uas recorded at 12 hrs*,-

Thiodan 35EC caused progressive 

mortality from 3 hrs of time interval onuards in 

all the concentrations;' In Q".'̂ 00255S concentration 

first mortality (B%) uas at 3 hrs and maximum mor­

tality (58^) uas recorded at 48 hrs^- In 0^005^ 

concentration first mortality (56^) uas recorded 

at 3 hrs uhich increased upto maximum mortality 

(925^) at 24 hrsi' In OvOi;^ concentration first mor­

tality (52^) uas at 3 hrs uhich increased upto 

maximum mortality (1007^) at 12 hrsv In ot'02^ con­

centration first mortality (56^) uas recorded at 

3 hrs and maximum mortality (100/S) uas recorded at 



Figure5-3S : Regression Equations and Regression Lines o f 

Nuvacron 40EC, Cythion 50EC, Ekalaux 25EC and 

Thlodan 35EC t reatments on 6/cXdsi'i p'a r̂fth^o'rta' Cram,'' 

l a r v a e . 
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12 hrs'.' In O'.'OÂ  concentration first mortality 

(68^) was recorded at 3 hrs uhich increased 

progressively and maximum mortality (100^) uas 

recorded at 12 hrs.' 

An analysis of the relative 

toxicity of the four insecticides confirms that 

Nuvacron 40EC uas the least toxic among all.' 

Cythion 50EC uas recorded as more toxic than 

Nuvacron 40EC,' Ekalaux 25EC proved highly toxic 

and more effective than Nuvacron 40EC and Cythion 

50ECJ' Thlodan 35EC proved as the most toxic among 

the four insecticides tested on the larvae of 

Cyci'o's'fa' p'iri'tWdnW. Regression Equations and 

Regression Lines of the relative toxicity of 

the four insecticides has been shoun in Figure 28;"̂  

Ascending order of the relative 

toxicity of the four insecticides can be summarised 

as follous : Nuvacron 40EC,' Cythion 50EC," Ekalaux 25EC 

and Thiodan 35 EC',' 
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5;*̂52 : Relative Toxicity Test on dljphâ nfa' fâ €i-c'6̂ s't̂ a'M : 

5.521 : Relative Toxicity Test uith Specific Insecticide 

Cythion 50EC: 

In this Insecticidal treatment there 

was no mortality of diWtfaWa Ja^t^iWst^if^ larvae in 

0";'0025̂  0';'005?S and O'̂.'̂OÎ  concentrations at all the 

time intervals,' In 0;̂ 02̂  concentration mortality uas 

05̂  at 1,' 3, 6 and 12 hrs, 6% at 24 and 48 hrsT' In ^§0^% 

concentration mortality uas 0^ at 1, 3, 6 and 12 hrs,' 

8% at 24 hrs and 12^ at 48 hrs'ii' Mortality percentage 

in different concentrations and at different time inter-

vals have been shown in Table-5/5and Figure " ?.37. 

There uas no mortality in the control^ 

Thiodan 35EC : 

In this insecticidal treatment in 

0^0025^ concentration larval mortality uas 0^ at 1,' 

3, 6 and 12 hrs,' 4% at 24 hrs and 6% at 48 hrsf In 

OVOOS;^ concentration mortality uas 0'̂  at 1 and 3 hrs^" 

A% at 6 hrs, 205̂  at 12 hrs',' 34^ at 24 and 48 hrsf̂  In 

0.^01^ concentration mortality uas 0% at 1 and 3 hrs, 

A% at 6 hrs, 26^ at 12 hrs, 46^ at 24 hrs and 50^ at 

48 hrs.' In 0,02^ concentration mortality uas O;̂  at 

1 and 3 hrs, A% at 6 hrs, 305? at 12 hrs, 36^ at 24 hrs 



Table.,5'(5: n o r t a l i t y percentage o f dl'a'pWah'ra- ]:a^ticds'i^a'ii^s^ Guene 

l a r vae t r e a t e d w i t h D r y - f i l m o f Cythion 50EC, Thiodan 

35EC, Wuvacron 40EC and Ekalaux 25EC.^ 

Concentrat ion Cythion 50EC 

Percentage 
0.0025 

0.005 

0.0(1 

0,02 

0.04 

Cont ro l 

I h r 

0 

0 

0 

0 

0 

0 

3hrs 

0 

0 

0 

0 

0 

0 

6hrs 

0 

0 

0 

0 

0 

0 

12hrs 

0 

0 

0 

0 

0 

0 

24hrs 

0 

0 

0 

6 

8 

0 

48hrs 

0 

0 

0 

6 

12 

0 

Thiodan 35EC 

0^0025 
0.005 

0.01 
0.02 
0.04 

Control 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

4 

4 

4 

8 

0 

0 

20 

26 

30 

36 

0 

4 

34 

46 

36 

60 

0 

6 

34 

50 

48 

62 

0 

Nuvacron 40 EC 

0.0025 
0.005 

0.01 

0.02 
0.04 

Control 

0 

0 

2 

6 

6 

0 

6 

10 

16 

24 

20 

0 

6 

24 

28 

44 

46 

0 

6 

36 

46 

62 

60 

0 

18 

58 

64 

74 

80 

0 

18 

58 

64 

76 

80 

0 

Ekalaux 25EC 

0.0025 
0.005 

0.01 

0.02 

0.04 
4 

Cont ro l 

0 

0 

8 

12 

14 

0 

0 

6 

24 

32 

32 

0 

2 

20 

32 

44 

40 

0 

6 

50 

42 

62 

68 

0 

18 

52 

56 

74 

82 

0 

18 

52 

58 

74 

84 

0 



FigurB-5-T7 S M o r t a l i t y percentage o f diVp'h'a'ni^a' lii^i'dds't'^TiH 

Guens la rvae u i t h Cythi'on 50EC treatment '? 
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Figure5.39 : nortality percentagg of D'ra'phan'i'a' i'di^i'ddJ-^i^XH'S 

Guene larvae uith Thlodan 35EC treatment".' 
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Figure5-39 : M o r t a l i t y percentage o f Di'a'ph'a''n î'a' ra^tTcos'tyJiV 

Guene la rvae u i t h Nuvacron 40EC trBatmentV' 
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Figure "5.40: M o r t a l i t y percentags of DTa'phyriî a^ Ja^gfdo'st'aU'fe"' 

Guene l a r vae u i t h Ekalaux 25EC t rea tmen t . 
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and Ad% at 48 hraj In 0̂ *04̂  concentration mortality 

was 0% at 1 hr,' 2% at 3 hrs^' B% at 6 hrs, 36^ at 

12 hrs, so;!? at 24 hrs and 62?S at 48 hrs (Table 5.'5 

and Figure538). 

There uas no mortality in the control. 

Nuvacron 40EC : 

In this insecticidal treatment in 

0V0025^ concentration mortality uas 0% at 1 hr/ 6% 

at 3, 6 and 12 hrs, 18^ at 24 and 48 hrŝ .̂  In 0%05^ 

concentration mortality uas 0^ at 1 hr,' 10$̂  at 3 hrs,' 

24^ at 6 hrs, 36^ at 12 hrs, 585? at 24 and 48 hrsf 

In 0;01^ concentration mortality uas 2% at 1 hr, 16^ 

at 3 hrs, 28^ at 6 hrs,' A6% at 12 hrs,^ 64^ at 24 and 

48 hrs,' In 0V02^ concentration mortality uas 6% at 

1 hr, 24^ at 3 hrs,' 44^ at 6 hrs, 62^ at 12 hrs,' 74% 

at 24 hrs and 75^ at 48 hrs';'̂  In O'i'̂ 04̂  concentration 

mortality uas 6^ at 1 hr, 20^ at 3 hrs, A6% at 6 hrs,^ 

60^ at 12 hrs, 80^ at 24 hrs and 48 hrs (Table 5i5-and 

Figure ̂ ^^9). 

There uas no mortality in the control^ 

Ckalaux 25EC : 

In this insecticidal treatment in 

0V'0025^ concentration mortality uas 0% at 1 and 3 hrs. 



Figure 5.<l' 8 O r y - f i l m Experiment on OJaphanfa 

l a t i c o s t a l i s l a rvae u i t h Ckalaux 25EC. 
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2% a t 6 h rs , 6?S a t 12 hrs, ' 18^ a t 24 and 48 hrs . ' 

In 0.^005^ concentration morta l i ty uas 0^ at 1 h r , 

e% a t 3 h rs , 20^ a t 6 h r s , 50^ a t 12 hrs, ' 52^ a t 

24 and 48 hrs, ' In 0^01^ concentration mortal i ty 

uas 8^ at 1 hr,' 24^ at 3 h r s , 32^ a t 6 hrs, ' 42?$ 

a t 12 h r s , SS% a t 24 hrs and 585̂  a t 48 hrs'.' In 

0ii02^ concentration mortali ty uas 125̂  a t 1 hr,' 32^ 

a t 3 h r s , A^% a t 6 hrs, ' 625̂  a t 12 hrs,* 74^ a t 24 

and 48 hrsV In Oi'049S concentration mortal i ty uas 

145̂  a t 1 hr, 325? a t 3 h rs , 40^ a t 6 hrs, ' 68^ a t 

12 h r s , 823? a t 24 hrs and 845$ a t 48 hrs (Table 5.'5 

and TiQniTeSm''7s^'i ^"*'• 

There uas no mor ta l i ty In the con t ro l 

5,'522 : Relative Toxicity Analysis s 

The r e l a t i v e t o x i c i t y of the four 

insec t i c ides in f ive different concentrations and 

in six di f ferent time in t e rva l s have been shown in 

Figure ' 5,^2and ',5.^3.' 

Cythion 50EC did not cause l a rva l 

mortal i ty in 0v0025^ 0?005?S and 0?01^ concentrations 

a t a l l the time in te rva l s . ' In 0'i02^ concentration f i r s t 

mortal i ty (65^) uas recorded a t 24 hrs uhich did not 



Figure :'B,'4ii R e l a t i v e m o r t a l i t y pe rcen tage of DlVpK l̂t̂ -J'"a' 

I 'ati-cds'talfs' Guene l a r v a e with Cythlon SOEC;-

Thi'odan 35EC, Muvacron 40EC and Ekalaux 25EC? 
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Figure r5 ,7 / j : R e l a t i v e m o r t a l i t y percentage o f 5î '3P t̂i'a'rSi'̂ a' 

I'at'i'cdsta'l'i^^ Guene l a r vae u i t h Cyth ion 50EC,' 

Thiodan SSEC, Muvacron 40EC and Ekalaux 25EC; 
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increase in next time interval.' In 0li'04̂  concentration 

first mortality (B%) uas at 24 hrs uhich increased 

progressively and maximum mortality (^2%) uas recor­

ded at 48 hrs-̂  

Thiodan 35EC did not cause mortality 

in 0*?0025̂  concentration at 1," 3,' 6 and 12 hrs,' while 

first mortality (4^) uas at 24 hrs and maximum mortality 

(6^) uas recorded at 48 hrst' In O'̂ OOŜ  concentration 

there uas no mortality at 1 and 3 hrs uhile first mor­

tality (4^) uas at 6 hrs and maximum mortality (34^) 

uas recorded at 24 hrs."* In 0.01^ concentration first 

mortality (4^) uas at 6 hrs uhich increased progressive­

ly and maximum mortality (50^) uas recorded at 48 hrst* 

In 0.̂ 02̂  concentration first mortality (4^) uas at 6 hrs 

and maximum mortality (48^) uas recorded at 48 hrs.In 

0»̂ 04̂  concentration first mortality (2%) uas recorded 

at 3 hrs uhich increased progressively and maximum 
4 1; 

mortality (62?S) uas recorded at 48 hrs.̂  

Nuwacron 40EC caused first mortality 

(6^) at 3 hrs uhich increased progressively and maximum 

mortality (18^) uas recorded at 24 hrs in 0̂ 0̂02552 

concentration,^ In 0,̂ 005̂  concentration first mortality 

(10^) uas recorded at 3 hrs after uhich there uas a 

progressive increase and maximum mortality (58^) uas 

at 24 hrsV In OVOIjS concentration first mortality (2%) 
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uas recorded at 1 hr after uhich there uas a 

progressive Increase in mortality and maximum 

mortality (64^) uas recorded at 24 hrs°î  In 0-f02^ 

concentration first mortality (6^) uas recorded 

at 1 hr uhich increased progressively and maximum 

mortality (76^) uas at 48 hrs,̂  In oV04^ concen­

tration first mortality {6%) uas recorded at 1 hr 

after uhich there uas a progressive increase and 

maximum mortality (80^) uas at 24 hrsT" 

Ekalaux 25EC in 0;^0025^ concen­

tration caused first mortality (2%) at 6 hrs after 

uhich there uas a progressive increase and maximum 

mortality (l3%) uas recorded at 24 hrs'."* In 0;'005^ 

concentration first mortality {6%) uas recorded at 

3 hrs uhich increased progressively and maximum 

mortality (52jS) uas recorded at 24 hrs." In 01,1̂015̂  

concentration first mortality (8^) uas recorded at 

1 hr after uhich there uas a progressive Increase 

and maximum mortality (585̂ ) uas recorded at 48 hrs"."̂  

In OV02% concentration first mortality (12%) uas at 

1 hr after uhich there uas a progressive increase 

in mortality and maximum mortality (7A%) uas recorded 

at 24 hrs. In 0,î04?S concentration first mortality 

(14^) uas at 1 hr after uhich there uas a progressive 

increase and maximum mortality (84^) uas recorded 

at 48 hrs,' 



Figure £44: Regression Equations and Regression Lines of 

Nuviacron 40EC, Cythion 50EC,' Thiodan 35EC 

and Ekalaux 25EC t r e a t m e n t s on ora'ph'a'h'i'a 

latj-cd's ' tails ' Guene l a r v a e . 
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An analys is of the r e l a t i v e tox ic i ty 

of the four insec t io ldes confirms that Cythion 50ZC 

uas the l eas t toxic among a l l on d iWaWI fMUMMM^^ 

larvae. ' Thiodan 35EC uas recorded to be qui te slou 

in action but more toxic than Cythion 50EC, 

Nuvacron 40EC uas highly toxic and more ef fec t ive 

than Cythion 50EC and Thiodan 35ECV Ekalaux 25EC 

uas recorded as the most toxic among a l l the t e s t ed 

insectioides.^ Regression Equations and Regression 

Lines of the r e l a t i v e tox ic i ty of the insec t i c ides 

has been shoun in Figure .j5.44. 

Ascending order of the r e l a t i v e t ox i c i t y 

of the four insec t i c ides can be summarised as 

follous : Cythion 50EC,' Thiodan 35EC,' Nuvacron 40EC 

and Ekalaux 25EC,-
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DISCUSSION 

SURVEY AMD COLLECTION OF IWSECTS : 

F a u n i s t i c surveys prov ide a good 

p i c t u r e o f the v a r i e t i e s of the insec ts present 

i n the f o r e s t . The present survey r e v e a l e d the 

occurrence o f i n s e c t s belonging to 14 d i f f e r e n t 

orders out o f uhich 134 numbers o f species have 

been i d e n t i f i e d . 

The present l i s t o f the I d e n t i f i e d 

I n s e c t s might help f o r e s t Entomologists fo r f o r e s t " ^ 

management p r a c t i c e s and may be o f taxonomic v a l u e 

o f the i n s e c t fauna i n the Nor theastern H i l l s o f 

I n d i a , 

LIGHT-TRAP : 

I n the present i n v e s t i g a t i o n 13 

d i f f e r e n t i n s e c t orders were c o l l e c t e d by l i g h t -

t r a p . E a r l i e r , Reddy ( 1 9 8 0 ) r e p o r t e d 14 orders 

o f insec ts i n a s i m i l a r l i g h t - t r a p c o l l e c t i o n i n a 

f o r e s t system near S h i l l o n g , ' He inc luded Arachnlda 

a lso as an i n s e c t order* 

I n t h e present i n v e s t i g a t i o n the 

number o f the t o t a l i n s e c t c o l l e c t i o n i n the f i r s t 

year was much l a r g e r than t h a t o f the second y e a r . 
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Simi la r l y , the t o t a l number of insects co l l ec t i on 

i n each order i n the f i r s t year uas larger than 

tha t of the second year except Trichoptera, ' which 

uas more or less same i n both the years; Plecoptera 

and Isoptera which were more i n numbers i n the 

second year,' Such annual va r i a t i on i n the insect 

numbers have been reported by Deavy, Taylor and 

Bar re t t , 3rV (1964)," Bakke (1978) and Reddy (1960)? 

Yates and Ebel (1975a) reported s im i la r resu l t s 

where cer ta in groups of insects were t o t a l l y absent 

i n the succeeding years^ Ray-Chaudhury stated that 

n a t a l i t y was one of the main causes of insect mul t i ­

p l i c a t i o n i n any ecosystemV The f a l l i n the catch 

i n the second year of i nves t iga t ion may therefore 

be due to the e l iminat ion of the grav id females by 

l i g h t - t r a p during the previous year.' 

The co r re la t i on c o - e f f i c i e n t 

between the orderuise co l l ec t i on of insecti ; '^ of 

the two years were pos i t i ve l y s i g n i f i c a n t for most 

o f the insect orders'; This shows re la t ionsh ip with 

the co l l ec t i on for every order between the tup 

years'^' However, no re la t ionsh ip could be found i n 

the cases of Coleoptera and Oictyoptera;' 
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nONTHLY FLUCTUATION : 

The monthly t o t a l i n s e c t 

c o l l e c t i o n of the f i r s t year and the second year 

exhibited a s imi lar trend in c o l l e c t i o n (Tables 

1;'1 and l'!i?2). During both the years minimum catch 

uas in January and maximum catch was in October;' 

There uere tuo peaks of catch in Duly and October 

in both the years? Such regular i ty may be due to 

the undisturbed vegetat ion in the forest as u e l l 

as s imi lar c l imat i c factors during the tuo years 

of study,- as r a i n f a l l , ' temparatdre etc'2' are v i t a l 

for increase or decrease of the i n s e c t numbers 

(Cantelo J#;' M, 1973, Frith 1975) . The temperature 

corre la t ion with the catch of Lepidoptera, Orthop-

tara, Trichoptera, Plecoptera, Odonata during the 

f i r s t year and of Lepidoptera,' Hymenoptera,' Coleoptera* 

Oictyoptera, Trichoptera, Hymenoptera," Plecoptera, 

Dermaptera cfcjring the second year strongly support 

t h i s v ieu . 

HOURLY FLUCTUATION : 

The quant i ta t ive analys i s of 

the hourly a c t i v i t y of the i n s e c t s revealed that 

roost of the i n s e c t s uere caught during the f i r s t 

ha l f of the night which covers 84;r30^ and the 

second hal f covers only ISfSS;^ of the t o t a l i n s e c t 
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catch of tha e n t i r s study period, ' During December, 

1979 and Danuary, 1980 there were no catch i n 3rd 

quarter (2T,'00 - 03̂ ,̂ 00 hrs) and 4th quarter (osfoo 

*• 06"Ĵ 00 hrs) and during February, 1980 there uas 

no catch i n 3rd quarter (23f00 - 03f00 hrs) onlyV 

For the rest r f ' of the months there were aluays 

representat ive catches i n every quarter (Table 4̂ '̂3)̂ ^ 

The analysis of the en t i re study 

period shous that maximum catch uas i n the 2nd 

quarter (46^14?S) fol lowed by the 1st quarter (38-|029S),^ 

the 3rd quarter ( lo |62^ ) and 4th quarter (4?73^)? 

Simi lar type of f indings have been reported by Hanna 

(1969) and Reddy (1980) that the number of insects 

decreases a f t e r the mld-nightT In our study the 

peak a c t i v i t y uas found to be 2nd quarter (20,'00-

23V'00 hrs) of the night,^ Graham, Click and Mort in 

(1964), Gentry and Davis ( l973) also reported that 

the peak a c t i v i t y o f insect groups uas near or 

s l i g h t l y before mid-night,* Reddy (1980) recorded 

highest catch i n the f i r s t quarter( l8^00 - 21,00hrs) 

of the night i n a forest near Sh i l l on^ . Tlh;ls ear ly 

insect a c t i v i t y around Shi l long may be due,compara-

t i v e l y cool c l imate than that of Balphakram fo res t f 

I n f u l l contrast to the above, greater catch a f t e r 

mid-night have been reported by Cl ick and Hol l ingsuorth 
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(1954) I n the case o f pink Bo l l -uorm moth,^ Haddou 

(1961 ) i n the case o f D ip tera , ' S tandfas t (1965) 

and Gladnery and Turner (1970) i n t he case o f 

mosqui toes. Apparent ly t h i s c o n t r a s t may be due 

t o the s i t e o f s tudy and env i ronmenta l factors'!;^ 

This i n d i c a t e a l so d i f f e r e n t t ime per iods o f 

a c t i v i t y o f d i f f e r e n t i n s e c t g roups f 

OROERUISE AMALYSIS : 

OIPTERA : 

The catch number o f D ip te ra showed 

more or less s i m i l a r t r end i n both the annual 

cycles*" The r e l a t i v e abundance tuas q u i t e lou dur ing 

c o l d and dry season from November to Mayi' U i t h 

the onset o f r a i n y season the r e l a t i v e abundance 

increased from Duly t i l l October u i t h maximum 

catch i n October ( F i g u r e 2)»" There are two peaks 

i n ^ l y and October i n each year.- Such bimodal 

p a t t e r n r e f l e c t s t h a t there are a t l e a s t tuo 

phases o f emergence o f t h i s o rder i n a year'i^ 

S i m i l a r f i n d i n g s uere repo r ted by Damnback and 

Platheus ( l 963 )v K l i n e and A x t e l l ( l 9 7 6 ) and Reddy 

(1980) 

The e f f e c t o f temperature," hum id i t y 

and r a i n f a l l on t he t o t a l D ip te ra catch had no 
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s i g n i f i c a n t corre la t ion at P<: Ofoi, and P< oSoS' 

l ev ie l s j Houever, s i g n i f i c a n c e of r a i n f a l l on 

Oiptara c o l l e c t i o n uas recorded by Uill iams (1961) 

and Reddy (1980), ' S igni f icance of minimum tem­

perature on Oiptara uas reported by Bradley and 

i*lc Neal (1935) and Porter and Gojraerac (1970),'" 

Of the f ive f a m i l i e s , Chironomidae 

uas the dominant family and comprised of 67l'24^ 

and 70|035^ of the t o t a l annual Oiptera catch of 

the f i r s t year and the second year/ r e s p e c t i v e l y . 

Thus,' r e l a t i v e abundance of Oiptera i s large ly 

r e f l e c t i n g the abundance of Chironomidaeil!^ 

Chironomidae,' Cecidomyiidae and 

Tipulidae had two peaks of catch in Duly and 

October in the annual cyc le which confirm at 

l e a s t tuo generations or tuo phases of emergence 

of these i n s e c t s in a year. Syrphidae and 

Drosophilidae catches were very irregular and 

i n s u f f i c i e n t for any conclusion, (Figure 3)i' 

Hourly analys i s of Oiptera catch 

in the f i r s t year shous that maximum catch (I9l,"82/^) 

uas during ISl'OO - 19.00 hrs and minimum catch 

i0jS6%) was during 04t'00 - 05^^00 hrs (Table 47l )1 
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In t h e second year maximum ca tch (22."'62^) was 

i n 19;'00 - 20,00 h r s and minimum catch (0^705^) 

uas In 04.'00 - 05.'00 h r s (Table 4^2)7 

LEPIDOPTERA : 

Wonthwise catch f l u c t u a t i o n s of 

Lepidoptera were s i m i l a r i n both t h e years but 

t h e second year ca tch uas much l e s s than t h a t of 

t h e f i r s t year." This I s probably due to the ca tch 

of g rav id females i n t h e preceding year (Ray-

Chaudhury 1975/ Reddy 1980) . The ca tches ue re 

r a r e during win te r months and cons ide rab ly high 

dur ing r a iny months (F igu re 4)1' Of the n ine 

f ami l i e s , ' only Geometridae, P y r a l i d a e and Moctui-

dae were found i n every month which comprised 

of 9i'i-06% of the e n t i r e s tudy pe r iod Lepidoptera 

c o l l e c t i o n . Zygaenidae, Cossidae, Syntomidae,^ 

Yponomentidae,' Notodontidae and Sphingidae were 

very r a r e and did not show any r e g u l a r i t y i n 

occur rence . 

The monthly average minimum 

tempera ture and minimum r e l a t i v e humidity shoued 

p o s i t i v e s i g n i f i c a n c e to the monthly t o t a l Lep i ­

doptera catch i n the f i r s t yearV In t h e second 

year the monthly average minimum and maximum 
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t empera ture shoued s i g n i f i c a n t r e l a t i o n s h i p 

with the t o t a l annual Lepidoptera ca tchi ' Rain­

f a l l did not show any s i g n i f i c a n t r e l a t i o n s h i p 

during both t h e yea r s (Tables 3.1 and 3T2). 

Hourly a n a l y s i s shous t h a t maximum 

catch of 22f01^ a|id 19.'765^ i n t h e f i r s t and t h e 

second year , r e s p e c t i v e l y , ue re recorded a t 

20?00 - 2lf'00 h r s . ' Plinimum catch of 2;-26^ a t 

03;^00 ~ 04,bo h r s i n the f i r s t year and of Q'J'70% 

a t 04lf00 - 05^00 h r s in t h e second year was 

recorded . (Tables 4,'l and 4?2)i^ 

HYMENOPTERA : 

Hymenoptera f l u c t u a t i o n shoued 

s i m i l a r t r end in both the y e a r s . They were r a r e 

dur ing winter (December - March), a t t a i n e d a 

high number during r a iny season ( A p r i l - 3uly) 

and decreased aga in during autumn (October-

November);^ There were t h r e e peaks of high ca tch 

i n Maŷ " Duly and October i n both t h e yea r s 

sugges t a t l e a s t t h r e e g e n e r a t i o n s or a t l e a s t 

t h r e e phases of emergence i n t h e annual cycle.^ 

Of the t h r e e f a m i l i e s , namely,' Cynipidae, Vespidae 

and Pormicidae only t h e l a t t e r one was found i n 

every month in l a r g e numbers whose f l u c t u a t i o n 

dec ides t h e f l u c t u a t i o n of Hymenoptera as a whole".^ 
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Temperature and humid i t y shoued 

s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p but r a i n f a l l 

d i d not show any s i g n i f i c a n c e u i t h the catch o f 

Hymenoptera i n both the years (Tables 3,1 and 

3 i ' 2 ) . This f i n d i n g i s s i m i l a r to the f ind i i ^gs o f 

Reddy (1980).^ 

Hour ly ana l ys i s shows t h a t maxirrajm 

catch ( l6 ; -75^) uas a t 20;00 - 21.00 hrs and 

minimum catch ( 3 . 2 6 ^ ) uas a t 04."00 - a5;"00 h rs 

i n the f i r s t year . I n the second year maximum 

catch (21,'475g) uas a t 20.'00 - 2r, '00 hrs and 

minimum catch ( i t 'TO^) uas a t 04'i;̂ 00 - 05,-'00 hrs.^ 

HEMIPTERA : 

Hemiptera catch f l u c t u a t i o n shows a 

s i m i l a r t r end i n both the years.= They uere very 

scanty dur ing w in te r (December - March), f a i r l y 

common dur ing r a i n y season ( A p r i l - September) 

and abundant dur ing Autumn (October - November)i^ 

There were th ree peaks o f h igh ca tch i n both the 

years which conf i rms three genera t ions of a t l e a s t 

th ree phases o f emergence i n a yea r . 

D i f f e r e n t env i ronmenta l f a c t o r s d i d 

no t show any s i g n i f i c a n t p o s i t i v e r e l a t i o n s h i p 
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ui th the monthly t o t a l Hemiptera catch. Findings 

of Yates and Ebel (1975a, b) t ha t rainy weather 

did not have s ign i f i can t r e l a t i o n uith ce r ta in 

moths catches i s s imi lar to our finding tha t 

r a i n f a l l did not have s ignif icance ui th the catch 

of Hemiptera.' 

Of the four families only Dassidae 

had regular occurrence in the annual cycle uh i le 

Coreidae,' Lygaeidae, Hiridae and Pentatomidae 

uere not common in many of the months. Thus, the 

catch f luctuat ion of Hemiptera i s mainly a t t r i b u t e d 

to the f luctuat ion of 3assidae.' 

Hourly analysis shows that maximum 

catches of 20.13jC and 23i'88^ of . the t o t a l annual 

catch of the f i r s t and the second year, respect ive ly , 

uere ljb-,2r.'*00 - 22.'00 h r s . Minimum catches > ;of 

0i'5B% and 0"i'825̂  of the t o t a l annual catch of the 

f i r s t and the second year, respec t ive ly , uere a t 

04.^00 - 05^00 h r s . 

COLEOPTERA : 

The catch f luctuat ion of Coleoptera 

showed more or l e s s s imilar trend in both the years 

of study. The r e l a t i v e abundance uas qui te lou 

during cold winter (December - February) uhich 
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increased rapidly from March onuard with the 

onset of rainy season*' There were three peaks 

of high catch in May, 3uly and October in each 

year which depicts that there were three genera­

t ions or a t l e a s t three phases of emergence of 

Coleoptera in a year . (Figure 4 ) , 

Of the d i f ferent environmental 

fac tors , monthly average minimuro temperature and 

minimum r e l a t i v e humidity showed s ign i f ican t pos i ­

t i v e re la t ionsh ip a t P < 0»"05jg leve l with the monthly 

Coleoptera catch during the second year,' 

In t o t a l twelve families^ namely, 

Ntt idul idae, CUrculionidae, Chrysomelidae, Ela ter idae , 

Byrrhidae, Carabidae, Cpccinellidge, Gerridae, Ceram-

bicidae, Lymaxylidae, Staphylinidae and Tenebrionidae 

were caught during the study period. Out of these 

families Nit idul idae, Chrysomelidae and Curculionidae 

were the most dominant. 

Sta'phyli'nus sp , i s a r a re co l l ec t ion 

in the present inves t iga t ion belonging to family 

Staphylinidae. Collection of S'ca'p'Ki'u'm' spi" belonging 

to Lymaxylidae family confirms the report of Hani 

(1973) that t h i s species i s a t t r a c t e d towards l igh t 

source. 
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Hourly analysis shows tha t maKimun 

catches of 23,09^ and 29.59^ of the t o t a l annual 

catch of the f i r s t and the second year, respect ive ly , 

a t 20,00 - 21.̂ 0̂0 hrs uere recorded. Pllnlmum catches 

of 0.'39^ and 0^765^ of the t o t a l annual catch of the 

f i r s t and the second year, respec t ive ly , a t 04,^00 -

05</00 hrs uere recorded;'' 

OICTYOPTERA : 

Oictyoptera occurred in very l e s s 

numbers in the annual cycle and uere absent in 

December, January and February during the e n t i r e 

study period.' Of the tuo families col lec ted , 

Bla t t idae uas higher in catch than tha t of the 

nantidae.^ (Figure 9)," 

Temperature and humidity had 

s ign i f i can t pos i t i ve re la t ionsh ip during the 

second year with tha t of the monthly Oictyoptera 

co l l ec t ion ; Rainfal l did not show any s ignif icance 

to the monthly t o t a l Oictyoptera col lect ion. ' 

Hourly analysis shows that there 

uas no catch during 03,00 - Oî .̂ 'OO hrs and 04.'00-

OSî OO hrs in both the years . Maximum catches of 

;20,'00?S, and.;^22.^91^, of the t o t a l annual catch 

of the f i r s t and the second year, respec t ive ly . 
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a t 20;̂ 00 - 21i00 hrs were recorded,' There uas 

minimum catch of '['^•SZ% a t 22,00 - 23,00 hrs and 

23,̂ 00 - 2^4,00 hrs each in the f i r s t year and 

in the second year minimum catch of 4,^16^ uas 

a t 01,^00 - 02,'00 hrs and 02,00 - 03,'00 hrs eachi' 

ORTHOPTERA : 

Orthoptera catch f luctuat ion showed 

more or less s imilar trend in the tuo annual cycles^. 

They were fa i r ly scanty during winter (November -

February), common in rainy season (Piarch - Ckily) 

and quite lou during early autumn (August - Sep­

tember). ( Figure 2 ) , 

Of the four famil ies , Acrididae uas 

common in every month, Tettigonidae uas also common 

in every month except in February, 1980,' Gryll ldae 

and Gryllotalpidae uere i r r egu la r in occurrence,' The 

catch f luctuat ion trends of a l l the families uere 

s imilar to the overa l l f luctuat ion trend of Orthoptera 

(Figure 10), 

The monthly average maximum r e l a t i v e 

humidity showed s ign i f i can t pos i t i ve re la t ionsh ip 

u i th the monthly t o t a l Orthoptera co l lec t ion a t 

0,05^ level during the f i r s t year. Other environ­

mental factors did not shou any s ignif icance^ 
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There were maximum catches o f 16 .52^ 

a t 19.00 - 20.00 hrs and 24.'36?S a t 2ro'00 - 22.^00 hrs 

i n the f i r s t and the second year , r e s p e c t i v e l y . 

Minimum catches o f 0.28^^ a t 04.'00 - 05.00 hrs and 

1;'58^ a t 03.^00 - 04,00 hrs uere i n the f i r s t and 

the second year , r e s p e c t i v e l y . 

Rest o f the o rde rs , namely, Ephemeroptera, 

P lecop te ra , T r i c h o p t e r a , I s o p t e r a , Dermaptera and 

Odonata uere caught i n very feu numbers i n the l i g h t -

t r a p . Th is may be due to t h i e r p a t t e r n o f l i f e cyc les , 

h a b i t s and o ther reasons which ue s h a l l not d iscuss 

i n con tex t o f the present s tudy. ' 

OVERALL ANALYSIS OF POPULATION DYNAniCS ; 

To drau up some s a l i e n t fea tu res o f t he 

popu la t i on dynamics o f i n sec t s a t t r a c t e d to l i g h t -

t r a p the f o l l o u i n g genera l conc lus ions o f the 

present study are notewor thy. 

BEHAVIOUR OF INSECTS IN RELATION TO LIGHT-TRAP : 

^^ ) That a l l the i n s e c t orders caught dur ing the 

e n t i r e study p e r i o d shou s i m i l a r t r end o f seasonal 

p o p u l a t i o n changes i n the annual c y c l e . 

( 2 ) That out o f temperature, humid i t y and r a i n f a l l 

no one uas prominant f a c t o r f o r p o p u l a t i o n f l u c t u a -



162 

t i o n but •K may a l l d i f f e r e n t environmental 

f a c t o r s i nc lud ing v e g e t a t i o n , d i s e a s e , p a r a s i t e , 

p r eda to r and c l i m a t i c f a c t o r s uork t o g e t h e r for 

i n s e c t popu la t ion f l u c t u a t i o n in f o r e s t ecosystem,' 

( 3 ) That t h e r e i s more a c t i v i t y of t h e i n s e c t s 

before mid-n igh t . 

( 4 ) That i n s e c t s occur in l a r g e numbers during 

r a i n y and autumn seasons* 

(5 ) That Oiptera i s h ighly a t t r a c t e d u h i l e 

Coleoptera , Lepidoptera , Hemiptera and Hymenoptera 

a r e f a i r l y a t t r a c t e d to l i g h t - t r a p . ' 

^'6) Coleoptera i s t h e most d i v e r s i f i e d order u i t h 

twelve d i f f e r e n t f ami l i e s a t t r a c t e d to l i g h t - t r a p . 

( 7 ) That l i g h t - t r a p has a c o n t r o l l i n g e f fec t on 

i n s e c t p o p u l a t i o n . 

DOMINANT INSECT FAMILIES : 

L i g h t - t r a p c o l l e c t i o n s uere 

dominated by c e r t a i n f ami l i e s which were p r e s e n t 

throughout the monthly catches," Out of 41 i d e n t i ­

f i ed f ami l i e s only 15 dominant f a m i l i e s of d i f f e r e n t 

o r d e r s uere as fol lows : Chironomidae, Cecidomy-

i idae^ ( D i p t e r a ) ; P y r a l i d a e , Noctuidae, Geometridae 

( L e p i d o p t e r a ) ; Formicidae (Hymenoptera); 3ass idae 

(Hemiptera) ; Mi t i du l i dae , Q j r c u l i o n i d a e , Chrysomeli-

dae ( C o l e o p t e r a ) ; B l a t t i d a e ( D i c t y o p t e r a ) ; Acridadae, ' 
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G r y l l i d a s , T e t t i g o n i d a e ( O r t h o p t e r a ) and B a e t i d a e 

( E p h e m e r o p t e r a ) . Thesa f a m i l i e s o c c u r r e d i n l a r g e 

numbers t h r o u g h o u t t h e s t u d y p e r i o d and u e r e m a i n l y 

r e s p o n s i b l e f o r p o p u l a t i o n dynamics i n t h e f o r e s t V 

Thus, i n l i g h t - t r a p i n s e c t d i v e r ­

s i t y uas h i g h e x c e p t i n w i n t e r . T h i s uas due t o 

t h e cons tancy o f t h e dominant f a m i l i e s i n a l l c i t c h e s 

and a l s o d u r i n g t h e months uhen t h e t o t a l i n s e c t 

abundance uas h i g h , ' Such phenomenon u/as i n c o n t r a s t 

t o t h e t r o p i c a l r e g i o n s i n g e n e r a l , uhe re i n s e c t 

abundance and d i v e r s i t y ue re n e g a t i v e l y r e l a t e d 

( F r i t h 1 9 7 5 ) , Our s t u d y uas c a r r i e d o u t i n a s u b ­

t r o p i c a l s e m i - d e c i d u o u s mixed f o r e s t u i t h l i m i t e d 

t e m p e r a t u r e v a r i a t i o n s u h i c h c o n f i r m t h e f i n d i n g s 

o f Rsddy ( 1980 ) i n a c o m p a r a t i v e l y c o o l c l i m a t e o f 

S h i l l o n g and o f U i l l i a m s ( 1 9 6 4 ) i n t e m p e r a t e r e g i o n 

uhere i n s e c t d i v e r s i t y i n c r e a s e d u i t h s e a s o n a l 

abundance, ' 

EFFECT OF SEASONAL CHANGES : 

The l i g h t - t r a p f i n d i n g s r e v e a l t h a t 

most o f t h e i n s e c t s a r e c a p a b l e o f o v e r w i n t e r i n g . They 

have an u p u a r d t h r u s t i n p o p u l a t i o n dynamics a f t e r 

t h e o n s e t o f monsoon r a i n u i t h t h e I n c r e a s e o f t e m ­

p e r a t u r e and h u m i d i t y . S i m i l a r f i n d i n g s ue re r e p o r t e d 
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by Chal fant ^ . a j ; . ( l 9 7 4 ) and Reddy (1980) . I n 

Balphakrara Sanctuary the i n s e c t number increases 

f o l l o u i n g the onset o f ra ins which i s the pr imary 

f a c t o r f o r l u x u r i a n t v e g e t a t i v e g rowth , food o f 

phytophagous i n s e c t s . I n t r o p i c s r a i n f a l l i s 

repo r ted to be the most impor tan t f a c t o r f o r popu­

l a t i o n s i ze o f i n s e c t s (Ouen 1969) . Reddy (1980) 

a lso repor ted on the importance o f r a i n f a l l i n 

r e l a t i v e l y coo le r but h i g h l y p r e c i p i t a t e d p ine 

f o r e s t i n s e c t popu la t i on near S h i l l o n g . He repo r ted 

t h a t the peak a c t i v i t y o f most o f the i nsec t s occurred 

immediately a f t e r r a i n s and t h e r e f o r e r a i n f a l l cou ld 

be a t t r i b u t e d as an o p e r a t i o n a l l y s i g n i f i c a n t f a c t o r 

i n r e g u l a t i n g i n s e c t abundance. 

USE OF LIGHT-TRAP : 

L i g h t - t r a p can be used as a 

c o n t r o l l i n g measure o f c e r t a i n f o r e s t i n sec t s as 

i s revea led by the spec tacu la r decrease o f i n s e c t 

catch i n the second year o f the l i g h t - t r a p e x p e r l -

roentv This k i n d o f study u i l l be u s e f u l i n p r e d i c ­

t i n g i n s e c t p o p u l a t i o n dynamics i n a f o r e s t system 

i f such experiment i s done con t inuous ly over s e v e r a l 

years and records are ma in ta ined . Such i n f o rma t i ons 

a re considered to be o f pr imary r e q u i s i t e f o r w i l d ­

l i f e sanctuary and forest"^ { management. 
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BIOLOGY OF nADOR INSECT PESTS : 

Cyc'ldsl^a' p'anthdna 'Craro.'̂  s 

I t I s a s m a l l brounish black 

moth.' The females lay eggs i n c l u s t e r s on the 

undersur face of the host t r e e l e a f . The f r e s h l y 

hatched out l a r v a e are dark samber i n colour u i t h 

y e l l o u spots and t r a n s l u c e n t b r i s t l e s on the body. 

The l a r v a e pass through s ix i n s t a r s before p u p a t i o n . 

The l a r v a e develop b lack-spots on every body segment 

from 2nd i n s t a r onwards. The 6 t h i n s t a r l a r v a e 

shoQ body s i z e d i f f e r e n c e - the s m a l l e r l a r v a e 

g i v e r i s e to male and the l a r g e r l a r v a e g i v e r i s e 

to female moths; Both l a r v a and pupa a r e y e l l o u i n 

g e n e r a l appearance. The cocoons a r e p a p e r - l i k e , 

o v a l i n shape and b r i c k - r e d i n c o l o u r . 

The present i n v e s t i g a t i o n i s a , 

d e t a i l e d b i o l o g y u i t h d e s c r i p t i o n of developmental 

stages'. Harapson ( 1 9 7 6 ) e a r l i e r descr ibed the i d e n ­

t i f y i n g c h a r a c t e r i s t i c s of i t s l a r v a e and pupae. 

POPULATION OYNAniCS : 

The present i n v e s t i g a t i o n conf irms 

t h a t Cycle3fa* p^anth'o'na' Cram, i s t r i v o l t i n e and completes 

t h r e e genera t ions i n a year i n Balphakram f o r e s t . The 
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three generations a re rainy season (May - July)^ 

autumn season (August -> October) and uinter season 

(November - April) generat ions. The time period in 

l i f e -cyc les in d i f fe ren t generations are as follous : 

rainy season 77 days, autumn season 85 days and 

u in te r season 228 days. There i s a pupal s tage 

diapause in the u in te r generation in the month of 

January.' Diapause i s broken by early May. 

LIFE TABLE AND SURVIUORSHIP CURVES : 

In the present inves t iga t ion steep 

and convex survivorship curves have been found in 

a l l the three generations indica t ing more morta l i ty 

in the l a t e r s tages of development. In u in ter 

generation the curve i s most steep indicat ing high 

morta l i ty , in rainy generation the curve i s l e ss 

steep indicat ing lower morta l i ty and in autumn the 

curve i s in betueen the uinter and rainy generat ion, 

indicat ing a medium mortal i ty ra te . ' 

Plason and Thompson (1971) reported 

concave curves on Douglas f i r Tussock moth, dr^qViy 

P3eu'do'€sut^a depicting r e l a t i v e l y constant morta l i ty 

r a t e for a l l the age groups. Similar to our finding 

Houseuart and Kulr̂ man (1976) found convex survivor­

ship curves for yellou headed Spruce sau-'fly, 

Pikonema alasksinsi's' . Such s imi l a r i t y or differences 
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in the survivorship curves in d i f ferent species 

in d i f ferent environment ind ica tes tha t d i f fe ren t 

mortal i ty factors act in d i f fe ren t ra tes on 

di f ferent species in di f ferent environment. 

In winter generat ion the larvae 

occurred in large numbers. This resul ted in food 

shortage and consequent d i spersa l of l a t e r s tage 

larvae. ' Disease and Tachinld p a r a s i t e also caused 

l a rva l mor ta l i ty . In rainy generation ra in and 

uind acted as major mortal i ty f ac to r s . In autumn 

generation disease and pa ra s i t e uere the major 

morta l i ty fac to r s . 

Similar to our finding Mason 

and Thompson (1971) a t t r i bu t ed food shortage and 

v i r a l disease as major causes of mortal i ty resul t ' 

t ing in to the col lapse of the l a rva l population 

of the Douglas f i r Tussock moth, Orqyia^ p^e'uddSgu'tjS ,-

Similar ly, S t a i r s (1972) recorded nuclear poly-

hedrosis virus Lfhich k i l l ed a la rge number of 

the 5th i n s t a r larvae of Ma'lWc'o'sVtrfJ c îis's'tV'l-a'. 

Mason (1976) s imi la r ly evaluated tha t l a rva l loss 

due to dispersion, predation or s t a rva t ion uere 

highest early in the l i f e cycle of Douglas f i r 

Ttasaock moth, D. pWeudotsu'tfJ. In high l a rva l 

densi ty , s t a rva t ion uas recorded as an important 
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mortality factor In forest Tent caterpillar, Ĵ . 

dlsWtfl-â  by Hodson (1977). Similar to our rainy 

generation finding, Goh and Lange (1980) recorded 

rainfall as one of the major mortality factors 

on Plume moth, P'latVpt'il'iy dWduî dâ diĴ 'fâ  '? 

Population reduction involves a 

multitude of natural factors which frequently 

operate in subtle and compensating uays* Their 

effects being often difficult to evaluate solely 

in numbers of insects killed (nason 1976).-;iMortality 

factors act upon the developing stages in different 

rates. Ue found in Cyc'losia' pWnthb'ri'a' Cram, that 

mortality factors acted in different rates in 

different developing stages and in different 

generations and mortality uas higher in later stages 

of development. 

Diaphania la'tJcostalls Guene : 

This is a small milky white moth. 

The females lay eggs in clusters on the under-

surface of the host tree leaf. Freshly hatched out 

larvae are pale yellou uith dark samber coloured 

head capsule. The larvae turn samber coloured from 

3rd instar onwards. Pupation takes place in leaf-

roll.' The pupae are lanceolate in shape. 
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Cannibal ism uas observed among the l a rvae 

from 4th i ns tea onuards, IJeak, p a r a s i t e i n f e c t e d as 

u e l l as dead la i jvae uere eaten by o ther healthy la rvae. ' 

Our f i n d i n g i s s i m i l a r to t ha t o f Barber (1936) uho 

found w i th Corn ear worm, Heii^dtWiV dbsoie'ty t h a t 

cann iba l ism i s a major r e g u l a t o r y f a c t o r a t h igh den­

s i t y popu la t ion . ' 

Some la rvae i n the f i e l d uere found to 

be i n f e c t e d by the l a rvae of Ap'antel-es sp,(Hymenpptera 

; Braconidae) uhich d e f i n i t e l y reduce l a r v a l popu la­

t i o n o f the hos t i nsec t . ' Presence o f t h i s l a r v a l stage 

p a r a s i t e i n d i c a t e i t s p o t e n t i a l i t y to be u t i l i s e d as 

an indigenous b i o l o g i c a l c o n t r o l agent, ' D i f f e r e n t 

species of A'p'a'rttel̂ eW are u i d e l y d i s t r i b u t e d abd 

e f f e c t i v e l a r v a l s tage p a r a s i t e o f Lepidoptera (OeBach,' 

1964). 

POPULATION DYNAniCS S 

The f i r s t appearance o f the l a rvae on 

the host t r e e leaves i s found i n August i n the forest",'' 

The la rvae are gregar ious and l i v e toge ther i n s i d e 

the l e a f - r o l l ; ' L a r v a l a t tack on the host t r e e Increases 

from August and i t reaches a peak i n the month o f 

February a f t e r uhich i t decreases and disappear by Apr i l ,? 
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Pupation takes place in leaf roll of the host tree". 

Adult moths emerge out in the early part of August.^ 

Adults are nocturnal and are attracted to light-trap'ô  

Diaphania lati'costalls' Guene is found at least in 

three generations in an annual cycle in betueen August 

to April. 

HOST TREE : 

The host tree, Hol'a'rrh'e'na' â n̂ tldyWent¥î câ  

(Lin.) Uall is a common uoody tree in Balphakram 

forest. It is a medicinal tree. Its leaves and barks 

are used against amoebic dysentery by the local 

inhabitants. The uood is used for making slate frame, 

mathematical instruments, spools and pirns of silk 

industry etc. (Anonymous 1959)," Other species of 

Diaphania are reported to feed on the fruit of 

Cantaloupes, Squashes and Cucumbers (Little 1974). 

In Balphakram forest no tree other than HolWrrh'eW 

antidysentrica uas found to be fed by Diaphanfa 

laticostalis larvae. This is considered to be an 

important information about the host plants of 

Pyralidae among the forest trees. 

The present investigation covers 

the biology uith detailed description of develop­

mental stages of 0. latic'o's't'alis and its population 

dynamics. 
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niNOR INSECT PESTS : 

Nine minor i n s e c t pests recorded i n 

the present s tudy uere as f o l l o u s : 

I * Del ias descombesi (Lep idoptera : P y r a l i d a e ) . Host 

p l a n t s - Greuia micro cos and iTorVnthus sp. 

2 . n e l a n i t i s i'sm'ene (Lep idoptera : S a t y r i d a e ) . Host 

p l a n t - Paddy, 

3 . D ic lad ispa a'rmiqera (Colaoptera : Chrysomel idae). 

Host p l an t s - Hicha'neW sp. and Paddy. 

4 . Aulacophora f o e v i ' c o l l i s (Co leoptera : Chrysomel idae). 

Host p lan ts i* Clgor'o'dendr'on sp. and Cucurb i t s . 

5* Epilachna sp . (Coleoptera ; C o c c i n e l l i d a e ) . Host 

p l a n t s - Solanum' s p . , flichanea sp . and Cucu rb i t s . 

^» t^y labr is pha le ra ta ' (Coleoptera : I* )e lo idae). Host 

p l a n t - Thatching g rass . 

7 . Chrysochroa' ch inens is (Co leoptera : B u p r s s t i d a e ) . 

Host p l an t s - F a l l e n woods. 

8» Oxyia velox (Or thop te ra : A c r i d i d a e ) . Host p l a n t 

- Paddy. 

9 . Leptocor ixa v /a r icorn is (Hemiptera : Core idae) ; 

Host p l an t s - Dipterocarpus' sp.' and Hi'cha'ne'a" sp . 

I t i s not knoun whether these i n s e c t s 

may a t t a i n major pes t s ta tus i n c o n j e n i a l environment. ' 

The sho r t notes on these i n s e c t s may be o f use i n the 

management o f the Balphakram Sanctuary, 
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RELATIVE TOXICITY EXPERIMEWTS : 

I t i s a general p rac t ice to t e s t 

the r e l a t i v e t ox i c i t y of the candidate Insec t ic ides 

to any target insec t pest before using the i n s e c t i ­

cides for control of the pest insec t s (See for 

references, Gupta and Raulins 1966, Kay 1979," Gupta 

and l/eer 1986).' 

In the present inves t iga t ion 

the r e l a t i v e t ox i c i t y of four i n sec t i c ides , namely, 

Nuvacron 40EC, Cythion 50EC, Ekalaux 25EC and 

Thiodan 35EC have been tes ted on the larvae of 

Cycle'sia p'ant'h'tfn'aP and Dia'phania i k t i c o s t ' a l i j 

both of which are recorded as defo l ia tors of fores t 

t rees in Balphakram fores t . The insec t ic ides a re 

loca l ly availabe in Agriculture Department a t 

Shil long. 

NUVACRON 40EC : 

Nuvacron uas not a t a l l e f fec t ive 

a t louer concentrations ulth the larvae of CyVJ'osia' 

panthona* I t caused f i r s t morta l i ty a t 12 hrs of 

treatment uhich i s lou in percentage and even a f t e r 

48 hrs the mortal i ty did not exceed 66^ a t the 

maximum concentrat ion of D.'0"4 .̂* 
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Nuvacron caused f i r s t m o r t a l i t y 

on Diaphania l a t i cos t a l i s ] l a r vae u i t h i n 3 hrs a t 

0,0025^ and 0,005^ concen t ra t ions and u i t h i n 1 hr 

a t 0 , 0 1 ^ , 0 .02^ and 0.'04^ concen t ra t i ons . At h igher 

concen t ra t ions there uas a p rog ress i ve inc rease i n 

m o r t a l i t y u i t h the increase o f t ime i n t e r v a l and 

concen t ra t i ons . Flaximum m o r t a l i t y o f 7S;?S uas r e c o r ­

ded u i t h i n 48 h rs a t 0 .04^ c o n c e n t r a t i o n . 

Nuvacron shoSred delayed and com­

p a r a t i v e l y l i m i t e d l a r v a l m o r t a l i t y on both the 

species t es ted . ' 

Delayed a c t i o n o f Nuvacron u i t h 

medium e f f ec t i veness uas e a r l i e r repor ted by 

Uh i t l ock (1973) u h i l e t e s t i n g t h e e f f ec t i veness 

o f 11 d i f f e r e n t i n s e c t i c i d e s on the la rvae o f 

H e l i o t h i s a rmiqera . His f i n d i n g i s c lose to our 

f i n d i n g s , as Nuvacron uas found to be s l o u and 

l e a s t e f f e c t i v e on Cyclosia' pan'thona and s l o u 

but e f f e c t i v e on di'aphania la ' t i ' cos tk i rs^ . 

Singh et^, aJL.( l973) found 

nonocrotophos (Nuvacron) a t 0 .025^ concen t ra t i on 

a long u i t h Carbary l 0 . 1 ^ , DDT +"̂ 8̂ 10 0.15^ as most 

e f f e c t i v e causing 68 - 85^ m o r t a l i t y among 14 

d i f f e r e n t i n s e c t i c i d e s t es ted to c o n t r o l the Cotton 

l e a f r o l l e r , Sylepfa^ derrogo'ta' • Singh and Gupta( l978) 

f u r t h e r conf i rmed Clonocrotophos as the most e f f e c t i v e 
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a g a i n s t Teak s k e l e t o n i z e r , P ' / raus ta n|a'ch'aerali's 

a long with Chlordimeform, Quinalphos (Eka laux) , 

Anthio in comparison t o Cythion (Cyanaoiid Mala th ion) , 

Thiodan (Endosulfan) and Malathion. In p r e s e n t 

I n v e s t i g a t i o n a l s o , Nuvacron has been found to be 

more e f f e c t i v e than Cythion and Thiodan on 0, 

l a t i c o s t a l i s * 

CYTHION 50EC : 

Cythion caused knockdown e f f e c t 

on Cyclosiy pantho'na' l a r v a e u i t h i n 3 h r s a t 0«01^, 

0 ,02^ and 0«04^ c o n c e n t r a t i o n s and u i t h i n 6 hrs a t 

0 ,0025^ and OoOOSjS c o n c e n t r a t i o n s . There uas a 

p r o g r e s s i v e i n c r e a s e i n m o r t a l i t y with t h e i n c r e a s e 

of c o n c e n t r a t i o n s and t h e t ime i n t e r v a l s a f t e r t r e a t ­

ment. The maximum m o r t a l i t y of 8A% uas recorded u i t h ­

i n 48 h rs a t 0 .04^ c o n c e n t r a t i o n . Cythion proved 

to be more e f f e c t i v e than Nuvacron on _C. pWnlt'ho'ria'.' 

Cythion uas found to be i n e f f e c t i v e 

on Diaphania' l a ' t i c o s t a l i s l a r v a e . There uas no m o r t a l i t y 

a t 0.002595, 0.'005?S and O.OIJ^ c o n c e n t r a t i o n s . The f i r s t 

m o r t a l i t y uas recorded u i t h i n 24 h r s a t 0.02?^ and 0.'04^ 

c o n c e n t r a t i o n s . The maximum m o r t a l i t y of 12% uas recorded 

u i t h i n 48 h rs a t 0 .04^ c o n c e n t r a t i o n . Cythion proved 

l e a s t e f f e c t i v e among the 4 i n s e c t i c i d e s t e s t e d on ^ . 

l a t i c o s t a l i s ' . 



175 

Singh e^, ^,{^9^3) uhi le t e s t ing 

14 different i n sec t i c ides on the Cotton leaf ro l l e r , ' 

Syi'dpta' der'oWot'a' found that Cythion uas l ess effect ive 

than Monocrotophos (Nuvacron). But in our present 

t e s t ing on Cycldsla^ pWn'thdria , Cythion uas found to 

be more effect ive than Nuvacron, On diWphariia' 

l:atidd^ta;3:is' larvae Cythion uas found to be less 

effect ive than Thiodan, Nuvacron and Ekalaux, 

EKALAUX 25EC : 

Ekalaux caused first mortality on 

Cyclosia' p'arith'onâ  larvae uithin 3 hrs of treatment 

at all the concentrations. There uas increase in 

mortality uith the increase of concentrations and 

time intervals after treatment. Maximum mortality 

uas recorded uithin 24 hrs at all the concentrations.^ 

It uas found to be quick in action and more effective 

than Wuvacron and Cythion causing 100^ mortality uith­

in 24 hrs at 0.025^ and 0V04?^ concentrations." 

^^ Diaph'ania' lafc'icostaI'is- larvae 

Ekalaux caused first mortality uithin 1 hr at Ôii'OIĴ, 

OV'02% and 0i04^ concentrations. There uas increase 

in mortality uith the increase in concentrations and 

the time intervals after treatment. There uas maximum 

mortality of 8A% uithin 48 hrs at Q»-OA% concentration. 

Ekalaux proved to be very quick and most effective on 

0* l'a'tico3tali%! among the 4 tested insecticides. 
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Strong e f f ec t i veness o f Ekalaux 

(Quinalphos) has been repor ted by Singh and Gupta 

(1978) aga ins t the 3 rd i n s t a r l a r vae o f the Teak 

s k e l e t o n i z e r , Py'rau'sta^ m'ac'ha'eraliW . They recorded 

ascending order o f t o x i c i t y as DOT (UP), DDT (UDP)^" 

Ambithion, ' A l d r i n , Ma la th ion , Dimethoate, D i a l d r i n , ' 

O ich lorovos, F e n i t r o t h i o n , Ca rba ry l , Acephate, An th io , 

Quinalphos (Eka laux ) , Chlordimeform and Plonocrotophos 

(Nuvacron).^ Thei r f i n d i n g s are i n con fo rmi ty u i t h 

our f i n d i n g s t h a t Ekalaux i s the second most e f f e c t i v e 

i n s e c t i c i d e on Cycldsi f f ft'anthona' and the most e f f e c t i v e 

i n s e c t i c i d e on Diaphania I'ati 'cos'ta'l i 's l a r vae among 

Cyth ion, Thiodan, Nuvacron and Ekalaux, 

THIOOAN 35EC : 

Thiodan a lso caused f i r s t m o r t a l i t y 

on the la rvae o f Cyclosia pa'nthona' u i t h i n 3 h rs o f 

t rea tment a t a l l the concen t ra t ions l i k e t h a t o f the 

Ekalaux. Houever, m o r t a l i t y percentage uas h igher 

than t h a t o f Ekalaux, There uas increase i n m o r t a l i t y 

u i t h the inc rease o f concen t ra t i ons and t ime i n t e r v a l s . 

I t caused 100^ m o r t a l i t y u i t h i n 12 hrs o f t rea tment 

a t O.'OI^, 0,'02^ and 0.04/S concen t ra t i ons and proved 

most t o x i c on _C. panthoria among a l l the i n s e c t i c i d e s 

t e s t e d . Never the less, Thiodan shoued only a l i t t l e 

edge over Ekalaux i n t o x i c i t y . 
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Thiodan caused lou mortal i ty on 

Dlaphania' i a t tdos ta l i ' 3 larvae . I t caused f i r s t 

knockdown a t 0.0025^ concentration u i th in 24 h r s , 

a t 0^005?$, O.'OIJo and 0i'02^ concentrat ions u i th in 

6 hrs and a t 0.04% concentration u i th in 3 hrs of 

treatment. There uas increase in mortali ty ui th the 

increase in concentrat ions and time i n t e r v a l s . I t 

caused maximum of 62?S mortali ty u i th in 48 hrs of 

treatment a t 0,04^ concentration. ' Thiodan uas more 

ef fec t ive than Cythion but l e s s effect ive than 

Nuvacron and Ekalaux on D.' fati'cos'tajiks'. 

High toxic i ty of Thiodan (Endosulfan) 

has been reported by Ooshi and Sharma (1973) uh i l e 

t es t ing 10 d i f fe ren t insec t i c ides for control of the 

rOustard aphid, Lip-aphi's' erVsJmii and i t s predators , 

Henochilus' s'exmaculatus and X'ahth'oqr'amma' s'cu'te'lla'ria'. 

Their report i s s imi lar to the present finding on 

Cyc'los'i'a ija'rit'horia .̂ as Thiodan caused highest mortal i ty 

among the 4 in sec t i c ides t e s t ed . 

However, in experiments on Oiapha'n'i'et' 

la t i cos t a l i s ' larvae Thiodan occupied 3rd pos i t ion 

in tox ic i ty , Nuvacron being 2nd and Ekalaux 1st , ' 

Gupta and Ueer (1986) uhi le evaluating the tox ic i ty 

of 19 contact in sec t i c ides agains t Gly'phbd'e's' (di'a'phynia) 

pyl'oalis included 3 insec t i c ides tes ted by us and 

recorded the i r r e l a t i v e t ox i c i t y in ascending order 
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as Endosulfan (Th iodan) , nonocrotophos (Nuvacron) 

and Quinalphos (Eka laux ) . This order of r e l a t i v e 

t o x i c i t y i s i d e n t i c a l t o our f i n d i n g on dia^pWnla 

l a t i c o s t a l i s . This s i m i l a r i t y i n response to t o x i c i t y 

seems to be as because t h e i r t a r g e t i n s e c t and our 

t a r g e t i n s e c t belong to same f a m i l y and same genus'o' 

I n the present experiments on the 

r e l a t i v e t o x i c i t y o f the 4 i n s e c t i c i d e s on dyc l 'ds iy 

panthona la rvae the ascending order o f t o x i c i t y uas 

as Nuvacron, Cy tb ion , Ekalaux and Thiodan. 

The r e l a t i v e t o x i c i t y o f the 4 

i n s e c t i c i d e s on Diaphania' I 'a ' tTcosta l ls l a rvae uas 

as Cyth ion , Thiodan, Nuvacron and Ekalaux i n the 

ascending o rde r . 

From the above d i scuss ion i t can be 

i n f e r r e d t h a t the t o x i c i t y o f a p a r t i c u l a r i n s e c t i c i d e 

v a r i e s from i n s e c t t o i n s e c t . Th is v a r i a t i o n i n 

t o x i c i t y seems to be due to d i f f e r e n c e i n response 

o f the t a r g e t i n s e c t s to the i n s e c t i c i d e s . Related 

i n s e c t s respond s i m i l a r l y to a p a r t i c u l a r i n s e c t i c i d e 

and un re la ted i n s e c t s shou v a r i a t i o n i n t h e i r response 

to i n s e c t i c i d e s . A p a r t i c u l a r i n s e c t i c i d e may be 

most t o x i c to one but may not be so t o x i c to another 

i n s e c t . 
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The present inves t iga t ion on r e l a t i v e 

tox ic i ty of 4 contact i n sec t i c ides against tuo 

species of fores t insec t pes t s , Cyc'l'o'sia' pia'ni:hona 

and Oiaphania l a t i c o s t a l i s may help in se lec t ing 

out candidate insec t i c ides for control l ing the 

concerned insec t pests or other re la ted insec t 

pes t s in the forest as ue l l as in a g r i c u l t u r a l 

f ield, ' The r e s u l t of the present experiment may be 

used in forest i n sec t pest management in Reserve 

fores ts , U i ld - l i f e Sanctuaries and other biospheres 

in the North Eastern Hi l l s and elsewhere,' 
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SUKIMASY 

The present study incorporates the investIga-
t ions on the following aspects : 

1 . SURVEY t 

Based on t h e f a u n i s t i c survey from Sept embers 

1979 t o O c t o b e r , 1981 i n t h e Balphakram N a t i o n a l W i l d ­

l i f e Sanctuary a l i s t of 134 s p e c i e s of i d e n t i f i e d 

i n s e c t s out of 14 d i f f e r e n t o r d e r s has been p r o v i d e d . 

2 . POPULATION DYNAMICS OP INSECT FAUNA % 

A t o t a l o f 9211 i n s e c t s i n t h e f i r s t y e a r and 

6895 i n s e c t s i n t h e second year b e l o n g i n g t o 13 

d i f f e r e n t o r d e r s have been c o l l e c t e d by L i g h t - t r a p . 

The monthwise t o t a l i n s e c t c o l l e c t i o n in t h e 

two y e a r s e x h i b i t e d s i m i l a r t r e n d of o c c u r r e n c e . The 

monthwise minimum i n s e c t c o l l e c t i o n was i n January 

and maximum i n s e c t c o l l e c t i o n was i n October during 

both t h e y e a r s . Such r e g u l a r i t y i n i n s e c t c o l l e c t i o n 

seems t o be due t o r e g u l a r i t y i n c l i m a t i c f a c t o r s and 

u n d i s t u r b e d v e g e t a t i o n . 
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Most of the in sec t s uere co l lec ted 

(84,305^) during the f i r s t half (17,00 - 23.'00 h rs ) 

of the night and maximum co l lec t ion (46o^l4^) uas 

in the second quarter (200^00 - 23,00 hrs) of the 

n ight . 

In l i gh t - t r ap 13 dif ferent insec t 

orders , namely, Oiptera, Lepidoptera, Hymenoptera, 

Hemlptera, Coleoptera, Oictyoptera, Orthoptera, 

Ephemeroptera, Plecoptera, Trichoptera, Isoptera , 

Dermaptera and Odonata uere collected.'^ In day 

time survey order Phasmida uas col lected in addi ­

t ion to the above 13 insect o rders . 

Collected insec t s uere dominated 

by ce r ta in families uhich uere present in every 

month of col lect ion* They uere - Chironomidae, 

Cecidomyiidae (Oiptera) ; Pyra l idae , Noctuidae, 

Geometridae (Lepidoptera); Formicidae (Hymenoptera); 

Jassidae (Hemiptera); Cucculionidae, Chrysomelidae, 

Nit idul idae (Coleoptera); Bla t t idae (Oictyoptera) ; 

Acrididae, Gryllidae and Tettigonidae (Orthoptera) , 

Oiptera uas the most dominant 

order in respect of highest number of insect 

co l l ec t ion . Coleoptera uas the most d ivers i f ied 

order ui th 12 di f ferent families in the collectionV' 
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Insect d i ve r s i t y uas high 

ev/ery month except during the winter months. The 

analysis of the populat ion dynamics of the insects 

ind icates overwintering of most of the insec ts , 

Upuard thrust i n population dynamics uas noticed 

u i t h the advent of summer season u i t h the monsoon 

raino Houever, humidity, ' temperature or r a i n f a l l 

s ingu la r l y did not have any d e f i n i t e in f luence i n 

the Insect populat ion dynamics i n general; ' 

L igh t - t rap may be used as a 

con t ro l l i ng method of forest insect pests uhich 

are a t t rac ted to l igh t - t rap i - ' 

3;' INSECT PESTS : 

The fo l lou ing two uere recorded 

as major forest insect pests i n the Balphakram 

National U i l d - l i f e Sanctuary : 

(1) dyWloW'î ai ^^hfttidnla' 

(Lepidoptera : Zygaenidas) 

(2) di^phWniy iai^dcfeita'lJiW 

(Lepidoptera : Pyral idae) 

Nine other minor insect pests 

recorded i n the Sanctuary uere as fol lows : 

( 1 ) deiriay dd^tiointid^i 

(Lepidoptera : Pyral idae) 
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( 2 ) ne l an i t l ' s î sme'rie 

(Lep idoptera : Sa ty r idae) 

( 3 ) Dlc' ladispV airtril'q'eiî a^ 

(Coleoptara : Chrysomelldae) 

( 4 ) AulacophorW fo 'gViddl^ l iy 

(Coleoptara ; Chrysomelidaa) 

( 5 ) Ep'll'achW sp7 

(Coleoptara : Cocc l ne l l i dae ) 

( 6 ) ny'3!abriV phWrer'a'tW 

(Coleoptara : Haloidaa) 

( 7 ) Ch'ry's'dch'rd^ dh'i'riehsls' 

(Coleoptara : Bupres t ldaa) 

( 8 ) O'x'y'ia' velo^X' 

(Or thoptara : Ac r l d i dae ) 

( 9 ) L'eptocorixa' v'a'rlc'drri iy 

(Hemiptera : Coreldae) 

The b io logy o f the tuo major 

i n s e c t pests has been i n v e s t i g a t e d i n d e t a i l . 

("1 ) Cyclos ia panthonai' Cram. : 

The Cyclosi'a' p'arithon'a Cram. 

(Lep idoptera t Zygaenidae) i s a se r ious d e f o l i a t o r 

o f a common uoody t r e e App'ro'sW r^o'xbu'rq'h'i'i' o f 

Balphakram f o r e s t i n i t s l a r v a l s tage . 
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The a d u l t s are s m a l l bcounish 

black moths. The females lay o v a l , pa le y s l l o u 

co loured eggs i n c l u s t e r s on the lower sur face 

o f the leaves o f the host t reesV The f r e s h l y 

hatched out l a r vae are l i g h t y e l l o u i n co lour 

u i t h t r a n s l u c e n t b r i s t l e s and dark samber head-

capsules. The l a r vae develop b lack spots on 

every body segment from the 2nd i n s t a r onuards. 

The la rvae pass through s i x i n s t a r s , ' Pupat ion 

takes p lace i n an o v a l , b r i c k - r e d co loured paper­

l i k e cocoon on the host t r e e l e a f or on any 

o ther subs t ra tum. 

The Cydlosia' p'a'nth'oriW i s found t o 

be t r i v o l t i n e i n Balphakram f o r e s t . The l i f e - c ^ p l e 

i s completed i n 77 days i n r a i n y season,c 85 days 

i n autumn season and 228 days i n u i n t e r season i " 

genera t ions . ' 

L i f e tab les and s u r v i v o r s h i p curves 

o f the th ree genera t ions have been p rov ided . I n 

the u i n t e r genera t i on the curve i s most steep 

i n d i c a t i n g h igh m o r t a l i t y r a t e , i n the ra i ny season 

genera t ion the curve i s less s teep i n d i c a t i n g louer 

m o r t a l i t y r a t e and i n the autumn season gene ra t i on 

the curve i s i n t e rmed ia te betuaen u i n t e r and r a i n y 

season genera t ions i n d i c a t i n g a medium m o r t a l i t y 

r a t e i n betueen the tuo gene ra t i ons . 
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In the uinter the larvae occur 

in large numbers resu l t ing in shortage of food 

and dispersa l of the larvae. Other l imit ing factors 

in t h i s generation were disease and p a r a s i t e . In 

rainy season ra in and uind acted as major morta l i ty 

factors besides disease and p a r a s i t e . In autumn 

disease and pa r a s i t e uere the major mortali ty 

f ac to r s . Besides the above mentioned factors ce r ­

t a in unknown factors might work in i t s population 

dynamics'.' In s p i t e of a l l these l imit ing factors 

Cycl'dsla' pa'ntWna' larvae occur in outbreak leve l 

i n the uinter generation in every year. 

(2) Di'aphahia^ iWt'i'CoV'talis' Guene : 

The Ciiaphan'ia' l^^t^do^^ali^s^ Guene 

(Lepidoptera : Pyral idae) i s a leaf r o l l e r and 

defol ia tor of medicinal and economically important 

t r e e , Hoferrhena a'n'tfdy's'entr'iby of Balphakram 

forest in i t s l a r v a l s tage. 

The adul ts are small milky uh i te 

moths. Round, pale uhi te eggs are la id in c lu s t e r s 

on the undersurface of the leaves of the host trees.^ 

The freshly hatched out larvae are pale uhi te in 

colour. They turn samber coloured from 3rd i n s t a r 

onuards. They pass through five l a rva l i n s t a r s . 

Pupation takes place inside the leaf r o l l . 
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The Diapha'nl'a I'a't'i^do^s'i^aii's' l a r v a e 

occurs- i n th ree over lapp ing genera t ions dur ing 

August to A p r i l i n the Balphakrarn f o res t , ' 

Large numbers o f l a rvae i n the ' 

f o r e s t are found to be i n f e c t e d by Ap^a'ritWl̂ e ŝ' sp . 

(Hyinenoptera : Braconidae) , a l a r v a l s tage paras i te j ^ 

Record o f A'p'ante^l'es' sp» i n the Balphakrarn f o r e s t 

as a l a r v a l s tage p a r a s i t e o f o|, fa'ti'cos€a'l'i's' 

i n d i c a t e s i t s p o t e n t i a l l i t y as an indigenous b i o ­

l o g i c a l agent f o r c o n t r o l o f i n s e c t pests,^ 

Cannibal ism uas observed among 

the l a rvae o f 0. i'a'ti'co^stWl'i's' from 4th i n s t a r 

onuardso' 

4 . RELATIVE TOXICITY : 

The r e l a t i v e t o x i c i t y o f four 

con tac t i n s e c t i c i d e s , namely, Nuvacron 40EC 

(Monocrotophos), Cyth ion 50EC (Cyanamid Ma la th i on ) , 

Ekalaux 25EC (Quina lphos) and Thiodan 35EC 

(Endosul fan) has been tes ted by D r y - f i l m techn ique 

o f Gupta and Roul ins (1966) a g a i n s t the l a rvae 

o f Cyc'l-o'sla pWntKonW and Dia'p'hyHiy l^at^'p'o's'ta^l^sL 

The r e l a t i v e t o x i c i t y o f the fou r 

i n s e c t i c i d e s on Cyc*l'oWi'a p\'n'thWna' l a rvae uas 

found to be i n the f o l l o w i n g ascending order : 
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Nuvacron, Cy th ion , Ekalaux and Thiodan. Thiodan 

shoued h ighes t e f f ec t i veness among the four 

i n sec t i c i dese Ekalaux uas very c lose to Thiodan 

i n e f f ec t i veness . ' Cythion uas medium and NLivacron 

uas the l eas t t o x i c . 

The r e l a t i v e t o x i c i t y o f the 

fou r i n s e c t i c i d e s on Di'aphani'a Ja^t'icoS'iia'l'i^s' l a r vae 

uas found to be i n the f o l l o w i n g ascending order : 

Cy th ion , Thiodan, Nuvacron and Ekalaux. Though 

Ekalaux shoued h i ghes t e f f e c t i v e n e s s , there uas 

not much d i f f e r e n c e u i t h t h a t o f Nuvacron i n 

t o x i c i t y * I n some louer concen t ra t i ons Nuvacron 

exceeded Ekalaux i n e f f e c t i v e n e s s , Thiodan uas 

a medium t o x i c a n t , Cythion uas the l e a s t t o x i c 

among the four i n s e c t i c i d e s t e s t e d . 
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P ine uoods, I , Arcĥ V Neer l . Zool. 13:265-336V 

Tuine, PVH,, 1971, ' C a n n i b a l i s t i c behaviour of tfelfoMr^ 
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