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INTRODUCTION

The insects comprise approximately half (50,8%) of
the total living species and 72% of all animals on this earth.
In a forest system they occupy wide range of micro and macro
habitats, They get food from the plant and interact with
environmental influences and form an important element in a
complex web of plant and animal life, Natueally they have
tremendous influence on the forest ecosystem. The insects may
impair or enhance the aesthetic values of any system they
occupy, Their attack on forest trees may increase chances of

fire hazard,

Forest Entomology is a major branch of forest
ecology. It deals with the problem of interactions of insects
to the forest and forest produce. It includes mainly the
study of forest insects and their population dynamics, Forest
Entomology covers identification, forecasting, measurement of
injurious insect population, assessment of insect causing
damage, analysis of the causes of outbreak and evolving
principles and procedures to protect the forests and forest

products from insects (Graham, 1963),

Forest Entomologists have great task for understanding
forest system and providing measures of control both for the
benefit of the forest system as well as the insects, A knowledge

of insect fauna of a forest have been felt to be of primary



necassity in view of the increasing emphasis being laid in
tha creation of National Parks and Wild-=life Sanctuari'ss and

their maintenancea,

Balphakram National Wild-life Sanctuary is situated
in adjoining border areas of West Garo Hills District and West
Khasi Hills District (298 sg. km.) of the Msghalaya Stats, It
is a natural Sub-tropical semi-evergreen forest of mixed
vegatation. The people of this area practise jhum or shifting
cultivation. This forest is one of the last resorts of wild
slephants and other wild lives in the North-sastern hills
region in India., Till recent past Balphakram National Wild-

“

life Sanctuary was a sgientifically unexplored area;

The present investigation was started in 1979?
During the first two years survey was conducted and aftsr a
thorough annual survey, two major insect pests of important
forest trees were identified and investigations on their

development, life-table and control measures were taken up,

This Thesis incorporatss the study on three aspacts ¢
(1) SURVEY OF INSECT FAUNA :

Reports on faunistie surveys of insects are scanty

and limited to certain pockets only so far as North-eastern

hille of India hRave is conesrned though some reports on insects



frem India have keesn mentioned in Imms Gensrgd Text Beok

of Entomelegy revised by Richards and Davis (1977). Ferest
Research Institute—a%kqﬁ;%;\and Zeological Survey of India
have conducted faunistic surveys in different parts eof the
Country frem time to time. As insects ferm a majer greup

of primary censumers, survey and identificatien of insect
fauna is of fundamental impertance in the management of

any ferest scesystem. As there is no repert an insect

fauna of Balphakram Natienal Wild-life Sanctaary the
present investigatien was undertaken, The dsscriptien ef ..o

the sanctuary has been provided in the Chapter 2. Seme

idea of its inhabitants and their living has bean provided,

In eur present survey insects uere cellected
by sweeping net and by hand picking during day time and
by light-trap during night time at menthly intervals
from September, 13979 te October, 1981. Though many insects
ware cellected during day time, the light-trap was feund
very cenvenisnt and the study en survey ef the insects was
based mainly en this technigue. Hanna (1969) reported light-
trap as a convenient toel fer investigating insect fauna,
its populatien dynamios and seasonal aectivity in any given
area, Certain uerkers, such as, Faleen et/ al. (1967 a, b)
have cembined black light-trap with field sampling fer
detecting and assessing the attack ef pests in certain crops,
Similarly, black light-traps have besn used in associatisn
with sex pheromones fer the same purpose.(Ford, Wolf and

Vaid, 1972), With the help of regular light-trap collection



populatien dynamics of various insect groups can ba
studied. Some workers such as, Belts 32% al.(1971), 0diye
(1973) have used such data fer fere-casting out-breaks

of certain serious pests., Light-traps have been useful

in taxonomic studies (James,1943; B?@k,1958; Linley,
Evans and Evans, 1978; Kline and Axtell, 1976) as well

as for analysis of populatien dynamics (Henneberry, Hewland

and Welf, 1967; Alma, 1973; Reddy and Alfred, 1977).

The Light-trap experiments were conducted at
the Balphakram fFerest Beat Office varandah uwhich is
situated on a hill-top (862 m. a.s.l.), surrounded by
thick decidueus forsst. Insects attracted te light in
betuesen 17,008 hrs, te 85.08 hrs, were collected at hourly
intervals, The analysis ef insects collected has been
carrisd out on hourly as waell as monthly basis and a
picture ef their population dynamics has been provided
in relatien to atmospheric temperature, humidity and

rainfall.

(2) BIDLOGY AND LIFE-TABLE OF MAJOR INSECT PESTS :
The outbreaks and pepulation dynamics eof the
forest insect pests have aluays been a point ef special
cancern (sae Graham, 1963), The eutbreaks are associated
with the changes in the ecology and other envirenmental

facters (Tinbergen, 1968; Sippell, 1962; Graham, 1963



Furniss and Barr, 1967; Miller, 1970; Ives, 19763
Valentine and Talerico, 1980), For predicting the
outbreaks and devising contrel measures it is
necessary to have an idea of the biology and life
table of the insect pests (Witter, Mattson and
Kulman, 1975; Mason, 1976).

Buring the first year of survey we found
11 species of insects feeding on different trees
and plants in large numbers’ Out of these, Cyclosig

panthiond Cram, and Diaphania Ya'ticos'talis Guene were

337517 33 47 30 L ele
‘orosa roxburahi'i

found to be serious defoliators of &p

Sy

Bull, and Holarrhena antidysentfildd (Ling), respec-

tively, These trees grou abundantly in Balphakram
forest. We conducted detailed investigqations on
‘bioclogy and population dynamics of Q. ﬁéﬁﬁﬁdﬁd Cram,’
and constructed its life tables and survivorship

curves. Detailed biology of D. lati'costalis' Guene

was also carried out, For the rest of the insects
their host plants and period of occurrence have

been rscordsds

(3) RELATIVE TOXICITY EXPERIMENTS ¢

Chemical control measures ars widely practised
to control insect pests in agriculture as well as in
forests. To select suitable insecticides, relative

toxicity or(§§E§ESEEELEE§EEEiSES§§)are performedy

In the recent past certain vorkers such as, Saini

and Sharma (1970), Teotia and Lal (1972), Takahashi
and Kiritani (1973), Ciesla (1977),:%;ﬁ§h and Gupta(1978) .



ameng others cenducted experiments en relative texicity

of different insecticides in laberatery and svaluated their
relative effectiveness te centrel the particular insect

pest speciss, Based on the results ef the labgratery,
insecticides can be sslacted for use in the fisld: Kesping
this in view. 4 lecally available insescticides (Nuvacren,
Cythien, Ekalaux and Thiedan) have been tastad in ths
present investigation te find eut their relative texicity
against Cyclesia pdnthena and Biaphanid Valtiddsitali'd 1larvaes

The findings presented in this thesis are expascted to be
of use to the Ferestsrs as well as Gevernmsnt Departments
in the management of inssct fauna and centreli of majer
inssct pests net enly in Balphakram Natienal Wild-1life

£

Sanctuary but alse in the neighbeuring forests’



STUDY SITE

LBCAIION s 3!
The Balphakram Natiosai Wild-tife Sanctuary

1s situated in between latitudes 25%°10°' - 25°30'N and
longitudes 90°37¢ - 90°58'E in the South-Hestern part
of the Meghalaya State of India. The two-thirds of the
sanctuary is in the uest Garo Hills District and one-
third in the west Khasi Hills District, The total area
of the sanctuary is about 290 sq. km (Maps 2.1, 2.2 and
2,3). The main study site was around the Balphakram
Beat Offise situated at about 860 m a.8.1l.

The Eastern boundary of the sanctuary is
marked by the Moheshkhola river and its tributary
the Sohling stream and also the botinga stream of the
Byt it river flowing from North to South.

The Western boundary of the sanctuary is
marked by the Rongrong stream of the Simsan§ river
flowing from North to Soutn and the Kailash { Chutmang)
peak,

The wNorthern boundary of the sanctuary is
maiked by the Rongkhai stream and its tributary thé
Burek stream flowing into the Simsang river,

The Southein boundary is marked by Some
viliages which are from East to West , Sohling. and
Ranthangsora at tne unorti vi Mohesukuaola; Thepthepa
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at the Nerth ef Mahadeuj; Hatichia at the Nerth of Khanai;
Thaidang, Khenchek, Khunsung Sengmeng at the Nerth of Rengra
and Chutmung Gengret at the Nerth ef Phanda. Thepthepa
village situated at the Seuthernmest tip ef the sanctuary

is enly abeut 3 km, frem the Inde-Bangladesh international

beundary.

The Sanetuary is serreunded by Moheshkhela
Adugiri range sn the Eastj} by Tura range en the West, by
Arabella range en the Nerth and by the Bangladesh plain
en the Ssuth,The three main hill ranges within the
Sanstuary frem East te West are Pindengru (918 m, aJs.l.),
Balphakram (860 m., a.s.l.) and Kailash er Chutmung
(1025 m. a.s.l.).

MEANING OF BALPHAKRAM 3

In Gare language "Baluwa" means wind and "Phakram"
means uwhere it Blews constantly. Thus, Balphakram means a
place sf centinueus wind., The name sf the sanctuary, Balphak-
ram is derived frem the Balphakram hill range situated at
the central part ef the sanctuary. It is a pspular belisf
ameng the lecal Gare paeple that at the "Mitte Adalat"
(Ceurt of Ghest) there, the human seuls acesunt Por the

deeds and misdeeds eof thelr life-time,

GEOLOGY ¢
Singh (1968) has described that Meghalaya plabeau

(and se alse Balphakram) has a chequered aseological histery



Figure 213 Authorkwith some of the inhabitante of Rongmun-

siring village near Balphakram Beat Dffice.

TR (e
R




of emargence, sub-smargsnce and peneplantatioen with several
phases of eresisn, sedimentatien, diastrepism, intrusion,
movement of land and sea and emmissiens, It is a fragment
of the super Continent of Gendoewana and centains the marks
of peneplantatisn ranging frem pre-Cambrian, sub-Rscent

and Recent periods, ft was submerged partially by the
encreaching sea during the Mesezeic and Tertiary times and
was uplifted sleuwly frem sea besd at the time when the
Himalayas rese from the flesr ef the Tethis, This organic
movement was se slew and froe frem buching that the
sedimentary beds retained their herizental character and
gave rise to structural platforms which can clearly be seen
in Cherrapunji area (Chatterji, 1968), Similar platferms

are alse seen in the Balphakram range with many marine Fassilﬁ:

SOIL

The seil of the Garo Hills is quits heavy clay
centaining abeut 18% erganic mattsr with high nitregen centent
as described by Zimba (1977). The seil eof Balphakram sanctuary
varies from sandy leam in Balphakram range te clay lsam in
Moheshkhela range with lime-stane in many peckets. The seil
pH in Balphakram range was 6,3 and in Meheshkhola range ~.:
was 5.8 in July, 1988, cenfirming high acidity in the regieh?

INHABITANTS ¢
There were 128 Garo families in 11 different
villages with a tetal populatisn ef about 6500 individuals

within the sanetuary as per 1979 census (Figureal)s They



Figure 2.2 ¢ Young wild Elephants caught from Garo Hills,
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practice Jhum or Shifting (Slash and Burn) cultivation

and grow paddy, maize, cucurbits, potatoes, chillies, pine
apples, orange etc. Every family clears about 2 hectares

of hill slopes every year for shifting cultivation with
cycles of 5 to 15 years. Shifting cultivation causes

soil erosion, savannah formation and decreases of vegetation
cover required for wild-life in the sanctuary. The other
sources of livelyhood of the people are collection of
broom=stick, cane-stick, bambooes and Agar wood as cash=

crops from the forest,

WILD-LIFE ¢

Balphakram National Wild=life Sanctuary is
one of the last resorts for wild=lives in the North-
Eastern part of India, It is famous for high elephant
concentration of about 900 individuals out of a total
of about 2500 wild elephants (Figure '2.2) reported to
exist in Meghalaya (Gogoi and Chaudhury, 1981). Other
mammals are Royal Bengal Tiger, Clouded Leopard, Red
Panda, Golded Cat, Gaur, Barking Deer, Swamp Deer, Wild
Buffalo, Wild Cat, Binturung, Civet, Hoolock, Macaque,
Slow Lorris, fFlyifng Squirrel etc. Among birds are Horn
Bill, wild Hen, Parrot, Dove, Parakeet, Night Jar, Oul;
Drongo, Minivet and Black Breasted Robin are common,'
Among reptiles Monitor Lizard, Gecko, Cobra,Calotes stcs

are common,

VEGETATION ¢
The fPorests in the sanctuary are diverse

and rich in floristic composftions oulng to congenial



Figure 223 Typical climax vegetation in Balphakram
Hill Range.
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ecolegical cenditiens“ﬁ&gu@g 23~ The vegetation can be

classified as ¢

(1) TROPICAL EVERGREEN FORESTS ¢
These ara dense ferests at the leuer part of
the hills., The prominsnt trees of these forests are

Catanepsis trusuleids, Dillenia indida, Aperd'sa roxburaghii,

Helarrhena antidysentrioca, Quarcus spp., Terminalia SPPa,

Aquillaria spp. and others,

(2) TROPICAL MOIST DECIBUOBS FORESTS
Tropical moist deciduous ferests cever the
vhele area ef the sanetuary. In such ferests mest cemmen

trees are Kydia calyecind, Eleecarpus flerintreemia ,

Lagerstroemiz parviflera, Alkieis labbeck ameng others,

°

(3) BAMBOO FORESTS AND OTHER SECONDARY VEGETATIONS ¢

Sugh ferests are found in jhum fallews uwith

33 e i ld
many seesndary vegetatiens, such as, ‘Dsndrecalamus

hamiltenii, D. sikimensis, Bambusa tulda, Bauhinia purpuria

Callicarpa arberes, Magaranga indica, Mikanea marabari@a,

Eupaterium ederatum among ethers,

(4) SAVANNAH AND GRASS LANDS
Such peckets are mainly feund in the elevated
plateau with thin seil cever, which alse represents a part

of climax vegetatien, preménantly with Pteréspermum

lanceaefelium, Vernania velkmerifelia, Phitfanthud embflid&,

Curcuma spp., Arundinella bengalensis, Panicum sp.), Saccharum

spp. among ethers (Kumar, 1984),



Fige 2,4 3 Study site of Light=trap the Balphakram
Beat Office,
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CLIMATE ¢

The sanctuary has warm Sub-tropical monsoon
rainfed climate, In summer a maximum temperature of 31°¢
is recorded during the month of May, in winter minimum
temperature of 14°C is recorded during the month of
December, The annual rainfall recorded are 498 cm, 512 cm
and 602 cm during 1979 -80, 1980 - 81 and 1981 - 82,

respectively,

ROAD COMMUNICATION ¢

One can reach the Sanctuary from Shillong by
a Jjeepable 225 km road via Mawchinram along Indo=-Bangla-
desh border. The motorable road from Tura to Balphakram

is about 160 km via Baghmara.

AREA OF SURVEY AND EXPERIMENTS ¢

The survey of insect fauna was carried out
mostly around Balphakram Begat Office and in different
pockets of the entire sanctuary area. The Light=trap
experiments were conducted at the varanda of the
Balphakram Beat Office building (Figure2%).) Biology
and life-table of the insect pests were studied in
an area of about 20 sq. km near Balphakram Beat Office.
Rearing and development of the two major insect pests,’

Cyclosia panthona Cram. and Diaphania laticostalis' Guene

and toxicological experiments on them were conducted in
the laboratory of Developmental Biology at N,EB.HJUd,
Shillong.
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REVIEW OF LITERATURE

SURVEY OF INSECT FAUNA

Blandford (1881) was one of the first Ento=
molegists to publish report on insect fauna of india}
in his "Fauna of British India". According to him,
Lepidoptera comprised of about 10,000 species in Indiay
"~ Among sarlier workers of forest inssct fauna mention
can bs made of Stebbing (1899) who published a pam=
phlet entitled "Injurious Insects of Indian Forests®

in which he included about 100 speciesy

In the Northeastern India among important
workers on insgct fauna in the recent past the names
of the following can be mentioned?y Cantlie and Pear-
son (1948) compiled list of butterflies of Khasi and
Jaintia Hills; Norman (1952, 1956) worked on the
Lepidopteran fauna of Assam, Kapur (1958) reported
Coleoptera speciss from Manipur., Recently, Rynth
(1977) provided a list of 79 species of Lepidoptera
grouped under 9 families from Gare Hills, Meghalayas

LIGHT~-TRAP FOR INSECT COLLECTION

R number of insects are attracted te light
sources, In recent years light-trap has been found to
ba useful in insect fauna analysis Black-light lamp

has been used to collect 1insscts and determine
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the time ef their appearance and ssasenal abundance (PPrimmery
Lukefabr and Hellingswerth, 1955; Stanley and Deminick, 1958;
Apple, 1962; Gentry, Dickersen and StanYey, 1971 b)Q Leng
feurteen ymars ef study en Western Bean cutuerms bketh in field

cern and dry bean grewing area was repsrted by Hagen (1976)f

LIGHT-TRAP ANB POPHLATION ESTIMATION :

Hanna (1969) used light-trap ts study the scourrence
and peried of activity and seasonal fluctuatisn ef insects.
Falcen ety al.(1967a, b) prepesed the cembinatisn ef black
light<trap and Pield sampling as an effective means fer
detscting the snset af infestatisns and assessing pepulatian
dynamics ef Celeseptera, Lepideptera, Ortheptera and Hemiptera
in an island by black kight-trap en vheat and maize in
Pakistans

It is difficult te ascertain the percentage ef
insect fauna caught in light-trap in cemparisen te the
tetal pspulatioson in a system. Seme werkers such as King and
Hind (1960), Falcen gty 21.(1367a, b) ameng ethers attempted
te estimate the field pepulatien with the Help ef light=trap
catch. Use of paints, dyes er radis aoctive markers an catch
insects, release and recapture ef these marked inseots have
besen ropetted fer pepulatien estimatien (Henneberry, Heuland
and Uslf, 1967)f The percentage sf recapture ef marked insects
by liaght-trap suggest the prsbable percentage ef these in the
field pepulatisn (AIma, 1973). Yates (1373) used Iight&trap
fer investigating the gesgraphical distributien ef insects that
attack pine seeds and cenaes, in additien te knewing their

activity peried and rslative abundance,'



envirenmental factars, sush as, time (Graham, GIick and

Mertin, 1964), temperaturs (Sutherland, 1966), temperature
and rainfall (King, 1966). Williams (1961) reperted large
cellesctisn ef Diptera durinyg heavy rain oi ralny nigﬁt: in
trepics, rainfall was recerded as the mest impertant faefor
uhich regulated the size ef the fnsect populatien in light-
trap (Ouen, 1969). Hartstack, Ridgeay and Cepedge (1873)
mentiened abeut the changes in the envirenmental facters,
such as wind velecity, temperature and its effect en iﬁssgt
‘eatch in shert ranges ef heurs ef a night er so: frﬁth (1975)
was of the epinien that rainfall Qég or a marked inersase in
brecipitation iheraased the Lepidoptera catcﬁ? Broersma;
Barrett and Silling (1976) reperted that in a field cenditien
the 1anuenpe of envirenmental féctors can net bs easily
iselated bscause ef cemplex interactiens amens varieus enviren-
mental variakles. ﬁeedy‘(1989) alse feund that rainfall and
uarm temperature had a pesitive effect in light-trap insect

celledtien.

LIGHT-TRAP IN INDIA s

Light-trap is used as an impertant tsel te study
the insect pepulatien dynamics and sufficient pregress have
been made in the subject, Hnueuar, in'indian cenditien such
experiments are Itmited; Ameng ethers, Banerj§ and Basu (1951)
used William's Iight-trap at Chinsura, Uest Bengal, to determine
the effect ef usather en the actevlity ef insectsy Usman (1954a,b})

ioﬂﬂyé .



1956 ) did faunistic study with the help of light-trap catch
in Bangalereﬁ Kundu, Dasgupta and Rastegi (1967) and Kundu
and Gupta (1971) used light-trap ts examine the seasenal
abundance ef Hemiptera in ﬁtlani, Rajasthan. Shull (1967)
used light=trap te examine the seasenal abundance of Hemipters
at Surat, Gujrat, Naik and Kundu (1977) studied thes activity
of 6 specias of Ortheptera sf semi-arid regien of Rajasthan
in relatien te weathar cenditiens.’ in Nertheast hill regien
Reddy (1980) appsars te be ths Pirst usrker te use light-trap
te study the pine cene infaesting insect pests attracted te
light=trap in Riatkhuan ferest, Shirlong? He analysed the
gpecies cempesition ef diffar;nt censumer insect pests

" attracted te light-trap which are detrimental te pine ferest
in twe years annual cycle te determine if these inssects ceuld

be controlled by thes use of suitable light-trap.

BIOLOGY OF FOREST INSECT PESTS ¢

Investigatiens en ferest insaects have beasn
cenducted mueh mere extensively in North American Centinent
than in any part ef the werld, Thess studles deal mainly
with their bislegy, esutbreaks and pepulatien dynamics in
relatien te snvironmental facters. Ameng early centributers
mentien can be made of Hepkins (1903) uhe studied the hielegy
ef Scelytid bestles in Nerth American ferests, Nishigaya
(1918) investigated the pepulatien dynamies of Lymantrikl
mathura caterpillare in Japany Suaine, Craighead and Baily
(1924) studied bislegy ef Spruce bud-wyerm, Ceceecia

fumiferana in Canadian ferests. Graham (1937) werked en

defoliatien ef ferest tress by the walking stick insects.
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Datailed scelegical investigatiens on ferest

3 [P
Te o v nwy

insects -~ seem te have started in 1948s, Thus, Ciark

3

(1947) made detailed scelegical study of Australian

Plaque locust, Chertsicetas terminifera Walk, and

investigated its eutkbreak in New Seuth Wales. Hepping
and Beall (1948) uyerked en the relationship ef Ledgepels
diameter te the incidence eof attack by bark beetles,

Dendrectenus monticelas,

Buring 1968s, in additien te the investigatiens
on sut-breaks ef ferest insect pests and extent of damage,
contrel measures were alse investigated, such as centrel
of insect pests in pine wseds (Tinbergen, 1960), resistance

of Oak te defeliatien by Tertrix viridana (Satchall, 1962)

and factors affecting repreductien and mertality ef natural

L e

pepulatien of Pine leeper, Bupalus pinfarius L: (Klemp and

Grays, 1965), Furniss and Barr (1967) investigated in detail

the Bienemics ef Anacampiedes clivinaria' pretanata Guene en

the meuntain Mahageny, Cercecarpus Fedifelius Nutt. in

Idahe. They reperted that adult insscts esmerged frem the seil
after dark during early June, sggs are laid in clusters

under bark-scales en the main branches. The larvae ef this
insect alse feed on ether plants, such as, Snou-=bush, Chekse-
Cherry, Bitter-cherry and Ceanethus, Pupatien eccurs in August
and during subsequent peried they underge diapausef High
temperature breaks their diapause by late fall.,' Thay alse
studied parasitic infectiens ef these insects. Similar inves-

tigatiens have been cenducted en many ether insectsﬁ such as,
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Eastern Pine sheet berer, Eucesema glisricela Heinrich ef

Pinus banksiana Lamb (Weng and Capbell, 1957): developmental

bielegy of 5 species of Lyctus Celseptsra (Rese}, 1969)

ameng sthers,

Increasing attentien have been paid te varieus
aspects afl bielegy, scelegy and centrel ef ferest insect
pests frem ecenemic standpeint during the 1978s, Miller
(1970) studied in detail the damage ef the Spruce, Pigea

engelmannii’ and the Fir, Abies lasiecarpa (Heok) Nutt. in

Nerthuyest Celsrade ferests caused By the beatles,

Masen and Themmpsen (1971) investigated en the

larvae ef the Douglas-fir Tusseck meth, Hemerscampa

pseudetsuga Mec Bunneugh attacking Uhite Fir, Abies' cenceler

in Nerth Califernia. They feund that caterpillars feed mere
en new feliage and eld nesdlas were almest tetally unaccept-
ables te the sarly instars but uwere eaten by lats instarsy
Masen and Thempsen (1971) rscerded that eutbreak ef Deuglas

Fir Tusseck meth, H., pssudetsuga’ cellapsed due te virus

diseases,

Watsen and Jehnsen (1972) investigated en
develepment, fecundity and lengeavity ef the Cetton leaf

purferater, Bucculatrix’ thutberilella Busk, in Arfzema and

reportad that when eggs hatch the small larvae entar the
leaf and pass the first three instars as leaf miners. The
Yarvae than emerge frem the mine and fead fresly during
the 48h instar after which a web is fermed and the larvas

ferm the se callad herse-shae stage where they msult te the
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5th instar, The larvae emergs frem the wab and feed freshly
en the surface ef the leaf and if larvas eccur in large
numbers the whels lsaves are skelstenised., The pupal ceceen
is fermed en a reughened surface and subsequeﬁtly the

adult emerges frem the small ceceon.

Wickman, Masen and Thempsen (1973) investigated

eutbreak of Deuglas Fir Tusseck meth Orgyia pssudetsugata

in Califernia and repoerted that eutbreaks appsar te develap
almest explesively and after a year er twus they usually
subside abruptly, Seme sutbreaks have persisted at lou level
fer as leng as feur years, During a ssvere esutbreak the
caterpillars are feund crawling ever recks, trmses, branches,
greund and animals. But ence sutbreak subsides it is usually
difficult te find sven ene caterpillarf They reported that
defeliatisn greatly retards the grewth, kills and tep kills
many trees and alse weakens many ethers that they are top

or all-killed by ether insects.

Ives (1976) worked son bislegy and populatisn

dynamics eof Larch sawfly, Pristiphera erichsenii (Hartwig)

in Seuthern Maniteba., He reported that parthsnegenetic females
depesit their eggs in the current shsets during June - July
causing severe damags te the succulent tissues, Grewth is
inhibited en the damaged side of the shest resulting curling
of the sheest. The eggs hatch in 7 - 10 days and the larvas
fead on the noedlss, After a limited ameunt ef feeding the

larvae meve to the basal false wherl ef the naedles until
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they meult te the 2nd instar. Larvae feed gregarisusly
althsugh 5th instar larvae tend te wander and many fesd
in small aqreup er singly, specially when defeliatisen is
severe. After abeut 3 wseks eof larval life it dreps frem
the tree and spin leathery cecsan in the mess ef duff.’
Pupatien eccurs the fellewing spring and adult emerags

in 7 = 10 days later, A small parcentage ef the larvae
may remain in prelenged diapause and de net emerse
unti¥ the fellewing er subsequent years, Several mertality
facters affect survival ef the varieus stages, such as,
predatery insects and birds, severe sterms which may

disladge the larvae and larval stage parasites{

Schultz and Allen (1975) described larval
gtages and werked en bislagy ef Cherry Scaldep Shell meth,

Hydria pruniverata (Fergussen) in Neu Yerk. It is a celsnial

feeder en black Cherry, Prunes scetildda Ehrh. Pupae sver-

winter in the litter and adult emergsnce eccurs frem

May threugh September. Eggs are laid #n the feliage in

a pyramid shaped masses 23 = 26 days after adult emsrgence.
Eogs begin te hatch 4 days fellewing evipesitisn and

each ef the four larval stages lasts 4 - 6 days, with

ene generatien per yesar. The egg-parasite, Te Yanamu's SpP.

is the principal mertality facter eccurring in pepulatiens

that have remainaed at eutbreak levels fer tws er mere yaarsﬁ

Kizireglu (1976) werked en bislagy, ecelegy
and centrel ef Gracilaria syringella (F.) in Ashtru, Bavaria.

He feund that in all develapmental stages the tempsraturas

preved te be the main ecelegical centrelling facter. The
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weight of male pupae coming from larvae fed with

Fraxinus were markedly smaller than those descen-

ded from larvae fed with Syrings or Ligustrum.’

Young Ash trees were relatively more attacked

than older ones. He reported that in 1973 the

two generations of this insect showed a decrease
of egq density caused by mainly drying ups, The
reduction of the larval density of the ist gene-
ration was caused by abiotic factors, parasites

and predators as about equal shares, whereas the
density of the 2nd generation was diminished mainly

by predators, particularly, Forficula auri'dullarid.’

The attack of the larvae causse a loss of the Ash
wood and often resulg in the death of the young

trees,

Valentine and Talerico (1980)

KRR

worked on the Gypsy moth, Lymantria dispar larval

growth and consumption on Red 0ak, They found that
the consumption rate of the foliage by the larvae
was 6,68% of the average larval dry weight degres
day (Threshold = 4.4°C). Average larval day weight
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inereased from 8,2 mg at the time of hatching after

646.7 degree dags spanning 43 days. The average
acoumulative censumptisn ef red Oak F-%liaga was 1116.1mg
per larva, Simple bislegical gresuth funetisns which are
useful in modelling defeliatien were develeped te pradict

average larval dry weight grewth and censumptiend

Recently ameng esthers, Kindler and Spomer
(1986) investigated en the bislegy ef the blue grass

8ill bug, Sphenspherus parvulus (Celseptera : Curculisnidae)

in an Eastern Nebraska Sed fisld, They studied fer tue
ysars thsir life stages, insubatien perieds etc. Adults
are roperted te becems active in April, mated, laid eggs
and died as new adults appeared in Augustﬁ Highest densities
ef eggs were feund in the greenest and thickest blue grass
available., Adults were usually feund absve greund in dense
areas with thick layer which apparently effesred shades and
pratectisn. Overuintering was accemplished by adults kurying
themselves in the:=tep seil, An unidentified larval Bipteran
parasite was repertadly feund insids seme adult bugs, psak
numbers secourring in late July and mid ﬂunsf

>
LIFE-TABLE s

Life-table is censidered as the cenvenient

methed fer accsunting inter generatien changes in insect
numbers and the mertality faeters in a pepulatien, Life-

table provides a systematic recerd ef the n.:liiving
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individuals In eaeh stage and acceunt fer the numbers
dying within these stages, As it is net possikle te
identify all the facters causing insect mertality a
life~-takle is a speculative ene based en the best
inf.rﬁatien that can Be aecumulated (Masen and Wickman,
1976), Life-takle s a useful technigue in the study
of pepulatien dynamics, provides a fermat fer recerding
and acceunting fer all pepulatien changes in the life
cycle of a species in its natural envirenment (Harceurt,
1969)/ Merris and Miller (1354) first described the
value ef life=table fer the investieatien ef natural

pepulatien ef insects;

Witter, Kuliman and Hadsen (1972) werked
extensively en the lifs-table ef the ferest tent cater=

pillar, Maladessma dis'tria Hubner (Lepidepteraslasiecampidae)

in Nerthern Mineseta. They fsund that the survival rate
during the egg and the pupal stages differsd censiderably
in 1968 and 1969. The differences in egg survival are
reportedly attributed te fluctuatiens in rates ef dsath
of fully develeped 1st stage larvae within eggs which
ranged frem 39% in 1968 te 3% in 1969, Egg parasitizatien
and infertility were 7 - 189 and 1 - 3%, respectively,
shewing ne impertant changes frem year te year,’ The
differences in pupal survival resulted frem fluctuatiens

in rates ef pupal parasitizatien, mestly by Sarcephads

aldrichi Parker, frem 74% in 1968 te 50% in 1969, Genera=
tibn mertality was 99,3% and 97.8% in 1968 and 1969,
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respectively, Generatien survival equations by plets

Per 1968 and 1969 are alse presented.’

Masen and Wickman (1376) investigated en
the 1ife-table of Deuglas Fir Tusseck meth, Orgyia

nseudetsugata in the Fir ferest in Nerth America, Tbei

feund that Tusseck meth euthreaks in a ferest stand
usually fellew a three year pattern., This is characteri-
sed by a ysar of "relsase" yhen the insect pepulatien
increasss rapidly te an sutbreak level, a year uhen the
pspulatien declines sharply again te a relatively loy
leval, They recerded mest severe damage to trees in the
socend year ef. the sutbeeak and in the third ysar just
prier to the cellapse ef the populatien, As the phenelegy
af the Tusseck meth and its hest tree is synchrensus, bud
brust has been increasingly used as a field indicater

ef the 'egg hatch.,'

Heuseueart and Kulman ¢1276) censtructed

the lifs-tables ef the yellsuheaded Spruce Saufly, Pikiénama

alasKerisis' (Rehuwer) fer use in selecting apprepriate

life stages fer release af bielegical contrel agents,
They recerded ghat everuwintering predatien by insects

and mammals killed 66,43% of the Sawufly cecesns in the
seil, Seven species ef small mammals were present in
the Spruce plantatien hakitat and the predeminant species

is replaced frem Micretus te Serex and Blarina after the

larvae drep frem the trees, Parasitism ef the late instars
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ranged frem 1,49% te 19;64%; Ne egq parasite csuld be
recerded, Life~-tabkles fer the 1975 generatien wsrse
given with a discussien sf different survival rates
accerding te the lesvel in the tree. The egg and the
early larval stages were the mest apprepriate peints
in the 1ife cycle for the release of the bislegical

centrel agents,

Masen (1976) investigated en the life-
table fer a declining pepulatien ef Deuglas Fir Tusseck

meth, Orgyis pseudetsugata in Nerth Oregonj He feund

that the density ef the larvas uas extrasrdinarily high
at the beginning of feeding in Juns, 1973, Thereafter,
populatien either declined sharply er cellapsed en all

of the plets studisd, Measureable larval pepulatiens of
the subsequent generatisns were feund snly en six plets
in June, 1974 , uwuhich had virtually disappeared by mid-
summer, Rate af decline was variable under different
conditiens but appeared te be predictable frem the level
of past.defeliatien; The decline rate was faster en
heavily er mederately defeliated plets than en lightly

eor previeusly undefeliated plets. Pepulatien cellapse

was the rasult ef a multitude ef natural facters eperating
in cempensating ways against the high density eutbreak,
It was characteried by an increase in the .. 1effact ef
numereus mertality facters including virus disease,insect
parasites, predaters, starvatien and larval dispersien,

changes i’ ;pepulatien quality and structure resulting in
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lower fecundity, egg quality and changes in sex
ratio, The largest proportion of mortality occurred
early in the larval cycle and was probably due

to losses Prom natural dispersion and predation.,

Investigation on forest insects
in Indian Sub=-Continent are sporadic., Among the
earliter workers name of Stebbing (1907) can be
mentioned who reported insect pests of Sal, SHordd
robustad in Assam along with their predators and
pafasite§; Gardner (1938) studied the immature
stages of Lymantridae insects of forests in Indigl
Roonwal (1953, 1954, 1957, 1979) did extensive
works on Indian forest insects, specially, the Sal
defoliator, Lymantria a mathurs Moore .' He described
their sgg-masses, population eruption, seasonal
1ife history, nocturnal fPeeding activity etcd in
the Sub-Himalayan forest regions.

Zethner (1973) investigated exten-
sively on forest insect problem of Bangladesh and
Pakistan and sugqested protection measures against

them, He found that the most important insect pests in
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ferestry ef the Indian Sub=Centinent are fesund en legs
and ether felled materials, plantatiens and nurseriss.
Felled weeds are reported te be destroyed by termites

and wood bering beetles (Platipeodidae and Betrichiidae),

Misra (1978) has investigated en the bie-

nemics of the berer, Ailanthu's sxcelsa in Siwalik ferest

divisien. He reperted its ansther hest plant as Agacila

gageans

Singh and Rawat (1980) studied bielegy, hest-

plants, seasonal activity and laberatery tssting en

chemical centrel ef Pericallila ricini (Lepideptera :

Arctidae) at Jabalpur, In labeoratery they feund that
females lay 360 - 1084 eggs (mean 641) in clusters en

the underside eof the leaves, The incubatien, larval, pre-
pupal and pupal perisds lasted fer 3.25+8.171, 27,66 4
4,21, 3,00 4 0,66 and 12,40 4 2,06 days, respectively.
The'pest was active frem June-Jult te December and entered
pupal diapause in éth genaratien fer abeut saven months?
The diapause breke in June - July ef the next year after

e

the snset of monseen.,

Khan and Maiti (1983) studied en the bie-
taxenemy, biclegy and scelegy of seme Lengicern bestle~

borsrs (Celeeptera : Cerambicidae) of Andaman island.'

" Sen Sarma and Thakur (1986) have recently

published” a detailed list ef insect pests of the
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Dipteracarpaceae trees and their management, In their
list af insact pests, ameng Cerambicid beetlas uwhich
cause greatest econemic damage te the living trees of

Diptesrocarpaceas are Batscsra rufemasulata, CeYasterna

scabrater and Hoplecerambyx spinicornis, Ameng Curculienid

beetle larvae Alcidadas crassus, Nenephss dipterecarpi

and Sitephilus rugiceXlild which feed en sesds and Pruits

sf Dipterscarpus spp. and render them nen-viable., Ameng

Lepideptera, caterpillars are Blastebasils sp., Lysrstilcd

sratepa and Pammens ﬁhefis€ﬁ§ which fesed en fruits and
eratepa

semds of Sherea robusts as well as its saedlings and

young sheets in all Sal greswing areas, Ameng Ortheptera,

nymphs and adults of Chertegenus spp. and Oxyia velex

which Peed on folliage and seedlings of Shersa rebusta

as miner pests,

RELATIVE TOXICITY OF INSECTICIDES :

Varbsus insagticides have been used fer insact
contrel fer thousands ef years. Se far as the synthetic
insacticides are concerned the discevery ef DDT by Paul
Muller in 1939 revelutisnised insect centrel and marked
the beginning of the develepment and applicatien ef
medern synthetic erganic insecticides, Hundreds ef
insecticides have since then been synthesised er dis-

cevered and neu toxicants are tasted year after year.'

Insecticides are classified in different ways.
Frem the erigin peint ef view, they are classifisd as

Organic, Inerganiec and Synthetic insecticides., Accerding
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te the meda ef aetisn, they are named as Stemach Paisen,
Centact Peisen Fumigants etc. Based an the effect en
differont stages of the target organisms, they are cate-
gerised as ﬁvicide,aaﬁarvﬁaﬁda and Adulticide (ﬁomoserﬂ

1973).

Theugh there are sevaral metheds ef insact
past centrsl, suech as, mechanical, cultural, biaslegical,
pheremenal and integrated, insecticides are used as a
cenvenient tosl te centrel them, A number of inssecticides
are available in the market, It is hsuever necessary te
have a cemparative idea of their texicity-en ths target
arganisms,’ Investigatiens en relative toxicity ef insecti-
cides have baeen cenducted frem the time they were madse
available fer use; We shall reviesu here werks ef recent

centributians in this centext}

fn the last decade, ameng ethers, Serghisu
(1971) made a very exhaustive investigatien en the relative

texicity of 12 insecticides en Spedeptera Iit'teralfs larvae

in laberatery and in field en Leucerne, Biesassay in whigh
all the field teosted insecticides were included was per~
fermed in the laberatery te detarmine their sffectivensss
against Zrd and Sth instars, Mere than 90% mertality ef
beth the instars was ebtained with Cyelane 25EC, Field
mertality ef the mixed instars pepulatien was sbtained

with Menscretephes 6BEC at 1,47 kg, Cyelane 25EC at 0,78 kg,
1,49 kg and 1,11 kg and Gardene 75%WP at 1,46 kg per hectar.

Menecretephes 4BEC at 1.11 kg gave 88,5% central.
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Schuartz st. 21.(1971) tested 5 wventact

fnseeticides en CaYifernfa Oak-werm, Phryganfdis

califerniica Pachuard , in 3rd and 4th instars and feund

the decreasing srder at LDgg : Pyrathrin, Zectran, DOT,
Carbaryl and Malathisn, At LDgg, the decrsasing erder
becama Pyrathrin, Zectran, DDT, Malathien ahd Carbaryl.

R lew slepe ef the regressisn curve fer Carbaryl suggests
that small gains in mertality weuld be achieved at the
expense ef largs inerements ef desage. Pyrathrin, Zeckran
and Malathien were feund te be likely candidate fer
field testing.

Rebertsen (1972) investigated tha texicity

of Zectran aeressl ta thea 5th instar Dak-werm, Phryqdnildid

califernica , its primary parasite , I'tepYectls

behrenskii (Cressen) and the hyper-parasite,Oibranschys

cavus (Walk,). The descanding erder ef telerancs of LDg
was ¢ Sth, 4th, 3rd, 2nd, 1st imstar ef Oak-uerms,

parasites, hyperparasites,

Deane and Dunber (1973) cenductesd experiments

en tue ferest pessts, the Gypsy meth, Perth'stria dispafd (L)

and the Elm span-worm, Ennemes subsignarius (Hubner) and

feund that mist blewer applicatian ef Acephats, Chlerdi-
meferm, Leptephes, Phosalens and Semivel gave excellent
feliage protectisn, except Chlerdimefarm, which was net
very texic te either species., In laberatary, beth the
species were repelled equally well by felitage treated

with Chleordimeferm.
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Whitleck (1973) reparted the effects eof 11 insecticides
tepically applied against the 3rd instar larvae ef

Helisthis drmigera in Seuth AFricaf Methemyl was repoerted

te be the most effective while Carbaryl proved most
disappeinting, The dslaynd actisn of Menscoretophes illus-
trated and cempared with Parathisn which is a fast

acting insecticide.

Ragenevich and Cester (1974) evaluated
Carbamate and Phesphate insecticides against the Seuthern

Pine beetle, Dendrectanus frentalis’ and the Bark bestle,

Ips gqrandicellis and L cailigrapﬁds with Lindane as a

reference, Lindane significantly reduced the sstablished
Seuthern Pine beetle breeds., Phesmate caused high mertality
ef adult beetlss within 24 hrs, aftar emergence frem
treated Pines, Prepoexur and Carbaryl were effective in

preventing 1. grandis and I. callfigraphus attack in

Leblelly Pine legs.

Ciesla (1977) tested the effect of Sevin
(Carkaryl), Dylex (Triehlerofen), Orthens (Acephate)
and Dimilin (TH6840) en Deuglas Fir Tusseck meth, Orgyis

pasudetsugata, He feund that appreximately 180% larval

mertality eccurred after 4 days with Sevin, Orthene and

Pyrecite and after 14 days with Dimilin.

Dabarr and Nard (1978) tested a larges numhber
of centact insecticides te the 2nd stage nymphs ef

Lepteglessus cerculus, the leaf feetad Pine seed bug, by

tepical application. Mast ef these insecticides had
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LD_. values less than 5 ug/gm of bedy weight. Nine

50
insecticides : Aldicarb, Aminaecarb, Azinephes-methyl,
Carkofuran, Dicretephes, FMC 45498, Menecretephes,
Prepexur and SD 43775 had LDSD values of less than
1 pg/am ef bedy weight. They feund that there was a

goeod agreement betwusen the relative texicities of

insecticides applied topically and in laberatery tests.

Rebaerten and Beelter (1979) determined the
toxicity of 14 insecticides te the larval stages of the

Peuglas Fir Tusseck meth, Orgyia pssudetsugata in labera=-

tery by contact and faeeding and cencluded that the
degree f expasure a8f the larvas te insecticides signi-
ficantly affected mertality, The ysunger instars were

mere susceptible te the texicants, Thay feund signifiscant
difference in populatien respenses frem 1973 te 1977 as
well, Spray velume, fermulatisn and presence of Rehedamine
B dye significantly affected the texicites ef Carbaryl

and Trichlerfen.

Kay (1979) attemptad to detarmine the “olr~>--
tolsrance level of 9 insecticides on Daéciﬁg;fé f;@;ﬁ&d
larvaes, They felleowed the tepical applicatien technigue.'
Based en 48 hrs, ef LD50 values the ascending erder of
texicity te the larvae was Endesulfan, Pirimicarb,
Thismeten, Fermathien, Chlerpyrifes, Dermetem=~S-methyl,
Dimetheata, Phesphamiden and Meonecretsphes, Te the adults

the erder was Endesulfan, Pirimicarb, Thiemesten,fsrmathien,



Chlorpyrifos, Thiometon, Demeton-S=Methyl, Phospha=
midon, Dimethoate and Monocrotophos., The study was
conducted as an ald in developing pest management

process for Therioaphii's £riifoliil and AcyfthosipgHon

N T ot S i T T I o
Kondo¥# in Leucerne as Cocdcinella repanda is an

important predator of aphidsy

Retnakaran, Smith and fomkins
(1979) tested Dimilin for the control of forest ‘

Tent caterpillar, Malacosoms disgstria on two trem=

bling Aspen, P'dpulas’ treméloildes stands heavily

infested with Tent caterpillars. fhe insecticide:
was applied to 1st and 2nd instars and the tress
vere fﬁ starting to flush and reportedly achiesved

total controly

Parker, Kalley and Teilon (1979)
investigated on the control of Maple leaf-cutter;

- Paraéjemensis deerifolills by Carbaryl in Vermont,

UJSAs ALl the three Pormulations tested, killed
significant numbers of the insect pest and protected

the Maple trees, Acer slaccharum leaves?y Sevin<s4 oil

had a larger residual effect and caused the highest
percentage of mortality, Sevin and Sevin-80 spray-
able resulted in fewer Maple leaf-cutter in the

foliages,

33
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Haverty and Wood (1981) investigated the
resddual toxicity of Carbaryl, Chlorpyrifos, Diazinon,
Fenitrothion, Fenvalerate, Lindane, Methyl Parathian,
Permathion and Resmethrin on the Mountain Pine cone

beetle, Conophthorus monticolae  After 24 hrs., of

exposure encapfulated Resmethrin and Fenvalerate were
found to be most toxic with LD50 values to be 325 and
65 times as toxic, respectively, as the least toxic

formulation was encapsulated Fenitrothion;

Vaughan and Turner (1984) conducted experi-
ments with 7 insecticides on adults and late instars
of Lesser Mealworms to determine the relative toxicity
in Polystyrene painted and unpainted plywood. In the
residual activity test, insecticide performance was
altered by difference in formulations, surface type
and the life stages of the insects, Wetable pouder
formulations were more effective on Polystyrens than

were emulsifiable concentrate,

Stankovic, Sestovic and Peric (1985) tested
the toxicity of some insecticides on Colorado besetls
on the basis of probit reqression and the highest
efficacy for Chlorfenvinfos and the lowest for Carbaryl
has been established. On the basgis of potency the
tested compounds were classified into two groups.
Lindane, Carbaryl, Dioxacarb and Phosmet comprise the

first group and Kelevan and Chlorfenvinfos the second
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group, Carbaryl has the least relative potsncy in
the first greip of insectic;des. For achieving the
same effect, out of the two insecticides inthe the
second group, a greater quantity of Kelavan than

Chlorfenvinfos is needed}

In India the toxicological experiments
have been conducted mainly on agricultural pests: As
described ébove, we shall restrict here to the more
important contributions only appeared in the last

three decades;

Dale‘ng al.(1966) investigating on the
residual effect of some insecticides found that Aldrin
and Heptachlor were more effective than DDT, BHC and

Carbaryl on the maggot of the Melon fly, Dacus cucurbitae,

which live in the soil,

Saini and Sharma (1970) tested the relative

toxicity of 15 insecticides against the 5Sth instar

.....

larvae of Lemon butterfly, Papilio demoleus L. under

Potter's tower. Mevinphes, Endrin, Parathion, Telodrin,
Bidrin, Gamma BHC, Aldrin and BHC were found to be 7}85,
68,4 , 3.55, 2,41, 1,60, 1250, 1,40 and 1.20 times,
respectively, as toxic as DODT. Malathion, Dialdrin,
Oiazinon, Phosphamidon and Dimethoate 0,025% and Malathion

0.05% were found to be effective for control of the pests
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Singh and Pandey (1972) tested 6 insecticides
for controlling the Mango leaf cutting weevil, 63@&?5&3
marginatus Pasc.’ and found that ODT, Nuvacron and Sevin

were most effective., Sevin had the maximum effectivenessf

Teotia and Lal (1972) worked out the relative
toxicity of the films of 10 insecticides against the

full grown larvae of Til leaf and pod borer, ﬁﬁéﬂdgééffﬁ

catalaunalis.’ They found the relative toxicity in the
Pollouwing descending order : Malathion, Fenitrothion,
Mevinphos, Diazinbn being about 2515, 1.856, 1.78 and
1364 times, respectively, as toxic as Lindane, Endrinf
Carbaryl, Carbophenothion and Dimethoate proved 1less
toxic and were about 0,95, 0,14 and 0i097 times, res-

pectively, as tomic as Lindane.'

Singh, Ramzan and Sidhu (1973) evaluated
the relative toxicity of 14 insecticides for the

control of the Cotton leaf-roller, Sylepts derogats

larvae in the field, Fenitrothion 0.025% and Monocroto-
phos 0,025% alopg with Carbaryl 0;1%, ODT + BHC 0,1%

each and Endosulfan 0.05% also proved effective causing

68 - 85% mortality. All other treatments, i.e., Dimethoate
0,025%, Malathion 0:07%, Methyl-O-Demeton 0.025%, Endrin
0,02%, Malathion 0,07% and Phosphamidon 0,025% were much

less effective

Singh and Gupta (1978) evaluated the relative

toxicity of 20 contact insecticides in laboratory by
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Potter's tower against the Teak skelstonizer, ﬂxﬁad&fg

machaeralis . They found that the descending erder of

relative toxicity tested against the 3rd instar larvae
were : Monocrotophos, Chlordimeform, Quinalfos, Anthio,
ARcephate, Carbaryl, Fenitrothion, Dichlorves, Dieldrin,
Dimethoate, Cythion, Endrin, Gamma EBHEC, éndosulfan,
Leptophos, Malathion, Aldrin, Ambithion, DDT(WOP), DDT:
(wP), There ig not much difference in the toxicity of
Cythion, Endrin, Gamma BHC, Endosulfan, Leptophos,
Malathion, Aldrin and Ambithion. Fenitrothion, Dichlor-
vos, Dieldrin and Dimethoate fall more or less in the
same category of toxicity. Acephate and Carbaryl proved
more toxic, being 15,315 and 8.544, respectively, than
DDT(WP) as unit., Monocrotophos, Chlordimeform, Quinalfos
and Anthio proved to be the most effective against

the pest,

Gupta, Veer and Sen 8arma (1982) did
laboratory evaluation of 21 insecticides against the

3rd instar larvae of Selepa celtis' Moore ( Lepidoptera ¢

Noctuidae) under Potter's tower. Insecticides were :
Monocrotophos 100EC, Chlordimeform 50EC, Quinalphos 55EC,
Anthio 35EC, Carbaryl 50WP, Endosulfan 35EC, Pyrathrum
20EC, Gamma BHC 20EC, Dichlorvos S0WDP, Toxaphene BOéC,
Leptophos 34EC, Malathion S0EC, Klophos S0EC, Fenitro-
thion SOEC, Dieldrin 18EC, Aldrin 30EC, Cythion 35EC,
DDT 50WP, Accothion 100EC, Dimethoate 30EC and Endrin

20EC in different concentrations. Monocrotophos,
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Chlordimeform, Quinalphos and Anthio were more toxic
than DOT yhile Ambithion, Dimethoate and Endrin were
less toxic than DODOT, The rest insecticides were in
the follouing order of effectiveness in descending
order ¢ Carbaryl, Endosulfan, Pyrathrum, Gamma BHC,
Oichlorvos, Toxaphene, Leptophos, Malathion, Klofos,
Fenitrothion, Dieldrin, Aldrin, Cythion, ODT.'

Gupta and Veer (1986) did laboratory
bioassay of some insecticides as contact poison against

the 3rd instar larvae of Glyphodes pyloalis Walker

(Lepidoptera s Pyralidae) . They found the descending
order of toxicity as ¢ Chlordimeform, Formathion,
Malathion (premium grade), Methyl-Parathion, Endosulfan,
Malathion, Fenitrothion, Leptophos, Klofeos, Dichlorvos,
Endosulfan, ODT, Dimethoate, Pyrathrum, Chlordane, Gamma
BHC, Monocrotophos, Formathion and Chlordimeform were

27 to 30 times more toxic than DDT;



CHAPTER 4

MATERIAL AND METHODS
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MATERIAL AND WMETHOOS

4,1 ¢ SURVEY OF INSECT FAUNA ¢
W
The light=-trap experimentswas performed
at night time for the survey of insect fauna at the
Balphakram Forest Beat Office, which is an Assam typs
building at a hill-top, surrounded by thick deciduous
and semi-svergreen vegetation at the Southern part of

the Balphakram National Wild-1life Sanctuary, (D3-=- "7,

R 24 wyatt bulb lighted by a 12 volt Exide
Battery was set 15 em above the floor in the varandgh
of the Beat Office. A set of 6 uhite enamelled trays
(size 50X30X5 cm each) were placed on the floor below
the lighted bulb., Each tray was filled-up with water
to which 10 ml of Teepol was added. The Teepol acted

as a good trap for insects falling in the water,

The experiment was conducted at monthly
intervals in the new moon night from 17.00 hrs. in
the evening to 05,00 hrs, in the morning. The insects
thus trapped in the water uere collected at hourly
intervals and preserved in 70% Ethyl Alcohol, except
Lepidoptera which were preserved in dry condition. The
climatic parameters, such as, temperature, humidity
and rainfall were noted along with every sample of

collection.
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The survey of diurnal insects was conducted
every month ffrom November, 1979 to October, 1981
During this period 7 days uwere spant each month in
the forest for insect collection. The insects wsere
callected by hand-picking and by forceps, Insects in
flight, such as, butterflies etc. were caught by
sweeping net. Smaller insects were preserved in 70%
Ethyl Alcochol in bottles and labelled with date and
place of collection. The larger insects, such as,
Lepidoptera, Coleoptera, Hemiptera, Orthoptera stc.

were preserved in dry condition.

The insects were identified at the Zoologi-
cal Survey of India, Calcutta and its Eastern Regional

Station at Shillong.

4,2 3 BIOLOGY AND LIFE-TABLE OF MAJOR INSECT PESTS ¢
During the first year of survey 11 species

of insect pests were recorded. Out of these, Cyclosis

panthona Cram. was found to be a major defaliator of

the tree Aporosa roxburghii Bull. which grow abundantly

in the Balphakram forest, In the first year, nature of
its occurrence and ocutbreak were noted, eggs, larvae,
pupae and adults were collected and development was
studied in the field as well as in the laboratory.
During the second ysar, the density of the sggs and
the larval populations were estimated and the life-

tables were prepared. Another insect pest species,
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Diaphania laticostalis Guene which defoliates the

‘medicinal tree, Holarrhena antidysentrica (L.) Wall

was also investigated ef—its—biology during the

second year, For the rest 9 minor pest species,

their occurrence and their host plants only have

been described, ;f

4,3 $RELATIVE TOXICITY EXPERIMENTS ¢

Relative toxicity experiments of 4
coptact insecticides, namely, Thiodan 35£C (Endosulfan),’
Cythion SOEC (Cyanamid Malathion), Nuvacron 40EC
(Monocrotophos) and Ekalaux 25EC{Quinalphos) uwere
carried out on the advance stage (4th and 5th instars)

larvae of Cyclosia panthona Cram. and ﬁiégﬁa&fé

laticostalis Guens .

Cf various techniques for relative
toxicity experiment we ddopted a simple technique,
namely, Dry-film technique of Gupta and Raulins (1966).
Each insecticide was tested in 5 different concentra-
tions, viz., 0,0025%, 0.005%, 0.01%, 0.02% and 0.04%
in distilled water., A thin film of 0.5 ml of the
required concentration of the insecticide was spread
evenly on the bottom of the petri-dish. of 75 mm in
diameter. fhe film was allowed to dry at room tempsra-
ture (20°C to 25°C) for about 3 hrs., Ten numbers of

advance stage larvae of uniform size were placed on

each of the dried petri-dish with specific concentation



and kept covered for mortality counting. For

control only distilled water was used for making

the dry film and ten numbers of uniform size larvae
were placed in the petri-dish. Experiments were
conducted with five replications for each concentra-
tion at room temperaturs (14°C to 20°C) and at

20% to 40% of relative humidity. Humidity was main-
tained within the range by sprinkling water in the
laboratory. Mortality counts were noted at 1, 3, 6,
12, 24 and 48 hrs, of time intervals, Moribund insects

vere taken as dead.

STATISTICAL ANALYSIS

Tables, Figures and Histograms have besn

1o st Lo
provided _in population dynamicséand the insects

collected have been analysed for co=-relation CO=
efficient with environmental factors. In the study of
the insect pests, BDiagrams, Histograms and life-tables
have been provided. For the analysis of the relative
toxicity expsriments Tables, Figures and the help of

Regression Equations and Regression Lines have been

undertaken,'
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DBSERVATIONS.

s LIST OF IDENTIFIED INSECTS ¢

The following is the list of

identified species of different Orders 3

(1) Order : Lepidoptera

(2) Family s Nymphalidae

1.

3.

6.

8,

9.

10.

Pantoporia nefti.

Ocecurrence ¢ September - October.

Pantoporia sp.

Occurrence ¢ December ~ June.

Neptis heliocdore,.

Occurrence ¢ Dscember - January,

Neptis nandina.

Occurrence ¢ December - January.

Precis hierta,

Occurrence ¢ Novembar - January,

Precis villida (Junonia lemonias L.)

Occurrence % June = December,

Precis almana (Junonia almana L.)

Occurrence ¢ June = December,

Precis atlites (L.)

Occurrence ¢ July - December,

Erias insulana (Ergolis merione).

Occurrence ¢ July - December.

Lethe confusa,

Occurrence ¢ July - Oescember,
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11,
12,
13,

V14,
V715,
(2)
16.
17.
18,
19,
20,

Ly

22.

23,

43

Hypolimnus bolina,

Occurrence ¢ July - September.

. SRR P
Cirrochroa d0ris,

Occurrence ¢ September - October.

Euthalia merta,

Qccurrence : January - February,

Terionis sp.
Occureence : September - November.
Limenitis sp.

Occurrence 3 October - November,

Family ¢ Danaidae

Dénais aglea.

Occurrence ¢ Throughout the year;

Danais plexipus,

Occurrence ¢ July - Decembers

Danais genutié.

Occurrence ¢ November - January,

Danaua hamata,

Occurrence ¢ October - November,

Danaus Limniéce;

Occurrence ¢ June - Julﬁ;

Danaus sp.

Occurrence % August - September,

Euploea core.

Occurrence ¢ June - September.

Euploea doubledaxi;

Occurrence ¢ August - October,
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24, Euploea diocletianus.

Occurrence ¢ July - September.

25, Euplosea dsions,

Occurrence ¢ July - September.

26, Euploea mulciber,

Occurrence ¢ Throughout the year.

27. Xyleutes ceramicus UWalke.

Occurrence ¢ December = January,

(5) Family ¢ Pieridae

28, Delias thyshe,.

Occurrence ¢ September - October.

29, Delias descombesi.

Occurrence : June - Uctober,

30, Delias agalaia,

Occurrence ¢ November - December,

31. Delias rosenberqi.

Occurrence ¢ July - August.

32. Gonepteryx rhamni,

Occurrence ¢ August - September.

33, Catopsilia pomona,

Occurrence ¢ July - August.

34, Eurema hecabe,

Occurrence ¢ June - November,

35, Ixias pyrene.

Occurrence $: December - January,

36, Pieris brassicae.

Occurrence ¢ November - February.



37,

8.

(4)

39,

40,

44‘

45,

46,

(s)

a7,

48.

45

Pieris napi,

Occurrencse ¢ Decembsr - February,

Appias sp.

Occurrence ¢ January = February,

Family ¢ Papilionidae

Papilioc memmon,

Occurrence ¢ July -~ Auqust,

Papilio fuscens,

Occurrence ¢ June - Auqgust,

Papilio polytis,

Cccurrence ¢ June - August,

Papilio sp.

Occurrence ¢ June - August,
Papilio sp.
Occurrence ¢ July - Auqust,

Pachlioptera sp.

Occurrence ¢ Auqust - September,

Graphium agamemmon.

Occurrence ¢ June - July.

Hebromia qglausipps.

Occurrence ¢ June - July,

Family ¢ Hesperidae

Pelopidus assamensis,

Occurrence ¢ .September - October.

Pelopidus conijuncta,

Occurrence ¢ November - December,



49.

50,

51,

(6)

52.

53.

V//Sa

(7)

55,

56.

(8)
57.

(9)

59,

46

Notocrypta curvifascia,

Occurrence ¢ February - March,

Suniana sunias.

Occurrence ¢ December = January.

Udaspes folus.,

Occurrence ¢ August - September,

Sphingidae @
Cephanodes hylus L.

Occurrence ¢ May = July.

Macroglossum stallatarum,

Occurrence ¢ May = June,
Theretra sp.

Occurrence 3 Auqust - September.

Family ¢ Saturnidae

Actias selene (Hubn.).

Occurrence : August - September,

Attacus atlas L.

Occurrence : May - July.

Family 3 Lycanidae

Nacaduba pavané.

Occurrence ¢ August - September
Celastrina sp.

Occurrences ¢ Auqust - September,

Family ¢ Cossidae

Xyleutes ceramicus.

Occurrence ¢ August - September,



(10)
60,

(11)
61,

(12)
62,

(13)
63,

(14)
64,

(2)

(1)

2,

3.

44

Family : Brahmaeidae

Brahmaea wallichii Gray

Occurrence ¢ July = Auqust.

Family ¢ Agaristidae

Eusemia dentatrix.

Occurrence ¢ July - Sgptember.

Family ¢ Syntomidae

Syntamis dgérbfdé.

Occurrence ¢ January - Fgbruary.,'

Family : Zygaenidae

Cyclosia panthona Cram.

Occurrence ¢ March = April , October

Family ¢ Pyralidae

Diaphania laticostalis Guene

Occurrence ¢ March - April.

Order ¢ Coleoptera
Family ¢ Scarabaeidas

Cathersius molossus (L.)

Occurrence ¢ July - Auqust.

Xylotrupes qideon .

Occurrence 3 June - August,

Heliocopris bucephalus,

Occurrence ¢ May - July,

Scarabaeus sacer.

Occurrence ¢ April = July,

47
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1.

(3)

12,

13.

(4)

14,

15.

48

Popilia cyanea.

Occurrence $ May - July.

Oryctus rhinoceros.,

Occurrence ¢ September - October,

Buprestidae

Chrysochroa bicolor Fabr,'

Occurrence :June ~ Auqust,

1 ] . k4 3
* Chrysochroa chinensis Cast,

Occurrence ¢June - July,

Chrysochroa gratiosa Deyr.

Occurrence ¢ July - August,

Sternocera adguisignata Saund.

Occurrence ¢ June = July,

Sternocera lasgvigata.

Occurrence ¢ June - July.

Family 3 Meltidae

Mylabris phalerata (Pallas)

Occurrence : May - July,

Mylabris pustulata Thunbera

Dcecurrence ¢ May - July.

Family ¢ Coccinellidas

Epilachna'viqiﬁtioctdpwﬁctaté.

Occurrence ¢ December - March,

Chilomenes 6-maculata.

Occurrence ¢ December - March,



v 16.

17,
(5)
18.

19.

v 21,

(7)

22,

(8)

49

Coccinella sp.

Occurrence ¢ January - March,

Chilomenes sp.

Occurrence $ January - March.

Family ¢ Chrysomellidase

Dicladispa armigera.,

Occurrence ¢ October - December,

Aulacophora fovaicollis Lucas

Occurrence ¢ November - March,

Family ¢ Curculionidae

Cyrtotrachelus longimanus.

Occurrence ¢ June - Auqust.

Protocerius sp.

Occurrence ¢ May - July.

Family ¢ Lucanidae

Lucanus cantosi Hope

Occurrence ¢ July - Auqust,

Family ¢ Gyrinidae

»//53. Gyrinus sp.

(9)
24,

Occurrence ¢ June - July,

Family ¢ Scaphidiidae

Scaphidium sp.

Occurrence ¢ June - July,



(10)
\/'25.

(11)
v 26,

(12)
27,

(3)
(1)

2.

Vs,

5.
6.
7e

8.

50

Family ¢ Staphylinidae

Staphylinus sp.

Occurrence ¢ September -~ October.

Family ¢ Cicindelidae
Cicindela sp.

Occurrence ¢ March - May,

Family ¢ Dynastidae

Oryctes rhinoceros,

Occurrence ¢ Fehruary = March,

Order ¢ Orthoptera
Family ¢ Acrididae

Oxyia veloX.

Occurrence ¢ Throughout the year,

Oxyia hyla hyla Serville

Occurrence ¢ Throughout the year,
Oxyia sp.
Occurrence ¢ Throughout the year,

Schistocera gregaria.

Occurrence :0ctober - Marche.

Chondracris rosea (de Gur)

Occurrence ¢ May - September.

Choroedocus oxypterus (Blanchard)

Occurrence ¢ June -~ September,

Attractomorpha cremulata (Fabr,)

Occurrence ¢ July - Octobsr,

Acrida exalta (Walk,)

Occurrence ¢ May - October.



(2)

10.

(%)

12,

13.

14.

(4)
(1)
1.

Family ¢ Tettigonidae

Holochlora indica Kirby

Occurrence ¢ June - August,

Mecopoda slongata L.

Occurrence ¢ June - July.

Family ¢ Gryllidas

Grylluys bimaculatys de Gur

Occurrence ¢ June % August,

Brachytrypes orientalis (Burm,)

Occureence ¢ May - July,

Teleogryllus mitratus (Burm, )

Occurrence ¢ July - Auqust.

Family ¢ Gryllotalpidae

GCryllotalpa fossor,

Occurrence 3¢ April - Auqust,

Order ¢ Hemiptera
Family sPyrrhocoridae

Dysdercus cingulatus (Fabr,)

Gccurrence ¢ Fsbruary - April.

(2) Family ¢ Aphididae

\//Q. Aphis sp.

Occurrence ¢ January -~ April.
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(3)
3.

4.

(4)

(5)

Family ¢ Jassidas

Empoasca flavescens.

Occurrence ¢ February - March,

Nephotettix bipunctatus',

Occurrence ¢ January - April,

Family ¢ Coreidas

Leptocorixa varicornis,

Occurrence ¢ April - May,

Family ¢ Lygaeidae

/60 LZQBGUS SPe

(5)
(1)

(2)

2.

(3)
3

V4.

Occurrence ¢ February - Marech.

Order ¢ Hymenoptera {7

Family ¢ Bombidae

Bombus sp.

Occurrence ¢ April - May,

Family ¢ Apidae

Apis mellifica,

Occurrence ¢ February - May,

Family ¢ Formicidae

Oecophylla smaragdina.

Occurrence ¢ April - Auqust,

Formica sp.

Occurrence ¢ Fsbruary - September.

Formica sp.

Occurrence ¢ Throughout the ysar,
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(4) Family : Vespidae
Vi
v'6. Udspa sp.

Occurrencse ¢ April - June;

(5) Family ¢ Braconidae

-, i
v 7. Apanteles sp.

Occurrence ¢ March - May,

(6) Order : Diptera
(1) Family ¢ Culicidae
Vx};‘ﬁgggé sp.
Occurrence $fFebruary - May,
2, Culex sp.
) Occurrence ¢ February - July,
V//S. Anopheles sp,

Occurrence ¢ May - June,

(2) Family : Muscidae

4, Musca domestica.

Occurrence ¢ Throughout ths year,'

"5, Musca sp.

Occurrence ¢ Throughout the yeary

(3) Family ¢ Drosophilidae

" 6. Drosophila SD.

Occurrence ¢ May - July.

(4) Family : Tachinidae
v/7. Tachina sp.

Occurrence : May - June,
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(5) Family ¢ Tipulidae

A\

» Tipula sp.

Occurrence ¢ May - June.

(7) Order : Dictyoptera
(1) Family ¢ Blattidae

7 Blatta orientalis,’

Occurrence ¢ Thoroughout the year.

2. Periplaneta americana.

Occurrence ¢ Thoroughout the year,

(8) Order : Dermaptera
(1) Family : Forficulidae
1., Forficula auricularia.

Occurrence ¢ May - July.

(99 Order ¢ Ephemeroptera
(1) Family : Baetidae
\///. Bagtis sp.
Occurrence ¢ April = June and September - November.
"2, Cloeon sp.

Occurrence ¢ September - Qctaber.

(10) Order : Phasmida
(1) Family : Phyllidae
v/?. Phyllium sp.
Occurrence ¢ April - May:
(2) Family : Bacteriidae
p/él Tenodera sp.

Occurrence ¢ April -« June.
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percentage of d1fferent insect orders in descending
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order were as follows'"

Lep1doptera i2. 91%, Hemlptera 11 66%,Hymenop-
o o Lot .:Lh"» 153 _‘J.,. ;_w,

tera‘lo 62%, Orthoptera 3,74%, . Ephemeroptera 0.87%,v

i #aradnge il g Poasggeatt

éD1ctyoptera 4.70% Dermapfera

¥

_.,;w.;

ISOptera 0. 17%,

Lepldopt

iEphemeroptera 0 73% D1ctyoptera o 70% Tr1choptera
0. 55% Isopteraz

»5448% Dermeptera o 48%
'o 46% and Odonata 0. 01%.

r'-:-’-".v s T

Plecogtera

Total number of all the insects colleeted

in the first 'year.was 9211  and 1n'ihe‘second year
:yas_6895.
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Figure 551 ¢ Percantage of 13 insect orders of the total
Annual Insect Collection by Light=trap in
the first year (November, 1979 to October,
1988) and in the second year (November,
1980 to October, 1981)

DIP = Diptera COL = Coleoptera
LEP = Lepidoptera HEM = Hemiptera
HYM = Hymenoptera ORT = Orthoptera

EPH = Ephemeroptera DIC = Dictyoptera
DER = Dermaptera TRI = Trichoptera

isb isoptera ﬁtE = Plecoptera

0D0 = Odonata
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Figure 5:2 ¢ Monthuise Insect Collection Percentage
of the total Annual Insect Collection
by Light=trap in the first year (Novem=
ber; 1979 to October, 1980) and in the

second year (November, 1980 to October,

1981)%

N = November 0 = December
JA = January F = February
MB = March AP = April

MY = May IN : = June

I = July AG = August

S = September 0 = October
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A comparison of the above data of the two
years reveal that Diptera was the highest, Coleoptera
was the sescond highest and Odonata was the louwest in

the light-trap collection,

The percentage of monthuise total insect
catch during the first ysar was in the following des-~
cending order : October 39.00%, September 12.28%, July
11.35%, June 9.42%, May 7.07%, November 6.89%, August
6.27%, April 5,15%, March 1,07%, December 0.54%, Feb=

ruary 0.64% and January 0.39%.

Buring the second ysar, the percentage of
monthuise total insect catch was in the following des-
cending order : October 34.41%, September 14,76%, July
12.,06%, June 10,52%, Auqust 7,07%, November 6.74%, May
6.45%, April 4,90%, March 1,20%, February 0,75%, December
0.58% and January 0.55%,

Above data reveal that insect catch percen-
tage was highest in October and lowest in January during

both the years.

The relationship bstwesen the monthly abun-
dance of different 1insect orders for both the years
is presented in the Table53. A positively significant

relationship is revealed at 0.01% level for Orthoptera,
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Hymenoptera, Hemiptera, Ephemeroptera, Diptera, Trichoptera,
Isoptera, Dermaptera and Odonata for the total catch. The
relationship is positively significant at 0.05% level for
Lepidoptera, Orthoptera, Hymenoptera, Hemiptera, Ephe-
meroptera, Diptera, Trichoptera, Plecoptera, Isoptera, Ddr-
maptera and Bdonata. No relationship is found for Coleop-

tera and Dictyoptera at 0.01% and 0.05% levels,

The relationship between the environmental
factors (temperature, humidity and rainfall) and the total
numbers of insects collected for the two years have been

shown in Tables 5.4 and 5.5, respectively,

During the first year, relationship with
minimum temperature at 0.01% level with Plecoptera, at
0.05% level with Hymenoptera and Trichoptera; with maxi-
mum temperature at 0.,01% level with Lepidoptera  and
Plecoptera, at 0.,05% level with Hymenoptera and Trichop-
tera were found to be significant.Relationship with mini-
mum relative humidity at 0.01% level with Lepidoptera
and Plecoptera, at 0.05% level with Hymenoptera, Trichop-
tera and Odonata; with maximum relative humidity at 0.01%
level with Orthoptera were found to be significant, Rela-
tionship with rainfall at 0,01% level with Lepidoptera
and Plecopteraj at 0.05% level with Hymenoptera, Trichop-

tera and O0Odonata were fournd to be significant.

During the second year, relationship with
minimum temperaturs at 0.01% level with Dictyoptera, Tri-

choptera, Plecoptera and Dermaptera; at 0.05% level with
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Lepidoptera, Hymenoptera and Coleoptera; with maximum
temperature at 0,01% level with Dictyoptera, Trichoptera
and Dermaptera; at 0,05% level with Lepidoptera, Hymenop-
tera and Plecoptera were found to be significant, Relation-
ship with minimum relative humidity at 0.01% level with
Dictyoptera, at 0.05% level with Hymenoptera and Dermaptera;
with maximum relative humidity at 0,01% level with Dic-
tyoptera and Dermaptera, at 0.05% level with Hymenoptera,
Colecptera, Plecoptera and Isoptera were found to be
significant, Rainfall had no significance at 0.01% and

0.05% levels in the second year.
S5.22 3 HOURLY ANALYSIS ¢

The hourly analysis of the total insect
catch is presented in Tables ‘5.6 and 5.7 for the tuo

years, respectively,

The percentage of hourly insect catch
during the first year in the ascending order uwere as
follous ¢ 05,00 -~ 06.00 hrs. (1.11%), 04.00 - 05,00 hrs.
(2.19%), 02.00 - 03,00 hrs. (4.28%), 17.00 ~ 18,00 hrs.
(4.74%), 03.00 - 04,00 hrs. (4.76%), 01.00 - 02,00 hrs.
(5.78%), 23.00 - 24,00 hrs., (5.86%), 22.00 - 23.00 hrs,
(10.81%), 18,00 - 19.00 hrs. (11.69%), 19.00 ~ 20.00 hrs,
(13.85%), 21.00 - 22,00 hrs., (16,96%), 20,00 + 21,00 hrs.
(%7.91%)? During the second year the percentage of hourly
catch in ascending order were as follouws ¢ 05.00 -

06,00 hrs. (0.79%), 04,00 - 05,00 hrs. (1.81%), 03,00 -
04,00 hrs. (2.71%), 02,00 - 03,00 hrs. (3.29%), 17.00 -



Tabls 5.6 ¢ Total numbers and percentage aof insect Orders
collected by Light-trap at one hourly intervals
during November, 1979 to Octaber, 1980,

The top figure represents the actual number of
Insects while the figure immediately below it
represents the parcentage of Insect Order collected
in that hour,

= 17,00=18.00 hrs 7 = 23.00-24,00 hrs
- 18,00~19.00 hrs 8 = 24.00-0%.00 hrs
= 19,00~20,00 hrs 9 = 01.00-02.00 hrs

20,00~21,00 hrs 10
= 21.00-22.00 hrS 11
= 22,00-23,00 hrs 12

02.00=-03~00 hrs
03,00~04,00 hrs
04,00-05,.00 hrs
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Insect Orders

Diptera
Lepidoptera
Hymenoptera
Hemiptera
Colecptera
Dictyoptera
Orthoptera
Ephemeroptera
Plecoptera
Trichoptera
Isoptera
Dermaptera
Odonata

Total Insects

284
7433

33
277

40
4,08

38
3.69

19
1.23
4,61

11
3,18
4,93
0.00
2,63

18,75
2,27
0.00

437
4s74

768
19.82

75
m 30

.62
6633

73
7.10

.42
2,73

13.84
.19
5.50
12
14,81
25, 00
526
43,75
9.09
0,00

1076
11,69

3
699
18.04

136
11442

85
8.68

114
10,11

148
9.62

12
18,48

.57
16452
13

16.04
33,33
15,78
12.50
18.18
50,00

1275
13.85

4
675
17.42

262
22,01

164
16475

100
9,72

355
23,09

.13
20,00

.54
am 65

S
13.58
0.00
18,42
0.00
15,90
0.00

16.48
17.91

Table
5

610
15,74

181
15.21

121
12,35
207
20,13
352

12
18,46

. 55
15,94
mmm»
25,00
10,52
12.50
15,90
0,00

1561
16,96

5.6
6

346
8.93

125
10,50

.72
7.35

180
17,50

203
13,20

-1
153
51
1478
. 8
9,87
16.66
. 3
7.'89
.. 0
0.00
.4
8.09
. 0
0.'00

995
10.'81

Q
148
3,82

.73
6.13

.47
b 80

.92
8.94

133
8,65
1,53

.38
11,01
quo
0.00
5,26
6,25

2
4.54

0,00

540

5486

10

..65
1,67

..60
5.04

495
19,91

.50

4,'86.

#=06
2734

6.15

.10
2.89
11.11
0.00
18,42
0. 00

.2
4,54
0.00

438
4,76

1

. 39
a 0o



Table 5,7 ¢ Total numbers and percentage of fnsect Orders
collected by Light-trap at one hourly intervals
during November, 1980 to October, 1981.

The top fiqure represents the actual number of
Insects while the figure immediately below it
represents the percentage of Insect Orders collected
in that hour.

1 = 17.00=18.00 hrs 7 = 23.00-24.00 hrs
2 = 18.00-19,00 hres 8 = 24,00-01.00 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



Insect Orders

Diptera
Lepidoptera
Hymenoptera
:m3wuwm~m
Coleoptera
Dictyoptera
Orthoptera
Ephemeroptera
Plecoptera
Trichoptera
Isoptera
Dermaptera

Odonata
Total Inssects

96
2,93

.22
m 17

37
4,20
.26
3,05

32
3. 48
833

15
4,74
6.00
0.00
5,26

21,21
m.om
0,00

247
3.58

2
384
1M1.74

.63
14,82

66
q 50

68
8.00

54
m 87

18,75
27
8.54
13
26.'00
15,62

21,05

10
uo 30

24,24
0.:00

715
10,36

3

740
22,62

.74
17441
.88
10,00
106
12447
132
14,36
.7
..36
11,39
13
26,00
.7
21.'87
.. 9
23.68
.10
30,30
.6
18.18

. 0
0,00

1228
17,81

4
639
19,54

.84
am 76

189
21,47
126
14,82
272
29,59
11
22,91

41
12,97
18,00
21.87
23.68

9.09
9,09
100. 00

1394
20,21

Table
5]
582

17.79

.72
4m 94

164
18.63

203
23.88

188
2045
6
12,50
77
24,736
12,00
1875
13.15
6.06
21721
0. 00
1318
19 .11

57

278
8,50

.40
u 41

.98
11713

95
11,17

185

8.16
14,58
45
14,24
6,00
9.37
10,52
0.00
wmom
0.00

650
9,42

208

64 36.

.16

3.76.

.36
b 09

.84
9,88

.53
5,76
0.'o0
>~ /luN
10.12
2.00
9.37
i 1
2.63
uﬁou

3,03

0,00

436
6,732

416
3.54

© .15
3.52

m 3.0

4,16

9
102
3,11

.13
3.05
-4
4.65
=33
3.88
wL-N«IN
2,93

2.53
0.'00
_
3012
g. 00
0.no
0.'00
d.oo

1227
3,29

10

.52
1.59

u Mu

11

.-50
1.52

251
i “um
3.97
?44

12

o /79
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18,00 hrs. (3.58%), 01.00 - 02:00 hrs. 14.53%), 23,00 =
24,00 hrs. (6.32%), 22.00 = 23,00 hrs. (9.42%), 18.00 -
19.00 hrs. (10.36%), 19.00 ~ 20,00 hrs. (%7.81%), 21.00 -

22,00 hrs. (19.11%), 20,00 = 21.00 hrs. (20.21%).

During the first year the catch percentage
was minimum at 04,00 - 05.00 hrs. (1.11%) and maximum
at 20,00 - 21,00 hrs, (17.91%). Durning the second year
the catch percentage was minimum at 04.00 - DS?UO hrs,

(0.79%) and maximum at 20,00 - 21.00 hrs. (20.21%)

The data showing the percentage analysis of
the catch by dividing the night into halves and quasters
have been presented in Tableééfbr the entire study
period. The data show that the catch was maximum (46;14%)
in the second quarter of the night between 20,00 =
23.00 hrs., followed by the first quarter (38.02%) betueen
17.00 = 20,00 hrs. and third quarter (10.62%) betueen
23,00 - 03,00 hrs. Average 84,30% insect catch was
recorded in the first half of the night between 17,00 =
23,00 hrs.,while it was 15.36% catch in the second half

of the night hstueen 23,00 - 06.00 hrs.

Hourly analysis, houwever, shous some variations
in insect catch psercentage in different months., During
the first year, maximum insect catch percentage was
betwueen 17.00 - 20.00 hrs, in December, January, February,
March and September and betueen 20.00 - 23,00 hrs. in

April, May, June, July, August, October and November.
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Table 5.8 ¢ Percentage composition of .H:mmonm collected inby Light-trap in different quarters of the
night in different months from November, 1979 to October, 1981,

1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 1st’ Im“:.., 2nd Im.._.m
Months 17.00-20,00hrs 20,00-23,00hrs 23,00-03,00hrs 03,00-06.00hrs 17.00-23.00hrs 23,00-06.00hrs
Nov '79 22.34 69, 41 7.97 0,26 91,75 8,24
Dec . 76.08 23,91 0.00 0.00 100,00 0..00
Jan '80 89.28 10,71 0.00 0,00 100..00 0..00
Feb 60. 46 37.20 0.00 2432 97,67 232
Mar 51,51 41441 4,04 3..03 92,92 7,007
Apr 16417 60,21 18,29 5,31 76.4.38 23,61
May 18,09 57,05 18,25 6.59 75415 24,84
Jun 21456 54,42 18,99 5.01 7599 24,00
Jul 19,42 57451 17.51 5.55 80.38 23,06
Aug 40,58 43417 9,49 6473 83,76 16,423
Sep 32,77 28,26 9,18 29,77 61,04 38,95
Oct 36459 41,80 12412 : ugbq 78,40 214,59
Nov 27.22 60,74 11,17 0.28 87.96 11,46
Dec 58,33 38.88 2,77 0,00 97..22 2477
Jan '81 34,48 44,82 6489 0,00 7931 m.mm
Feb 55.76 42,30 1,92 0.00 98,107 Ayow
Mar 45,78 42,16 10.84 1,20 B87.95 12,04
Apr 23,65 50,29 20,95 8,08 73.95 29,04
May 25.67 53.60 15431 5./40 79,27 20,72
Jun 26,66 54,44 14,02 4,86 81411 18,88
Jul 23.74 61.75 9.71 4,79 85.°49 14,50
Aug 36.68 48,97 9.83 4,50 85,65 14434
Sep © 34,57 40,07 12,86 124147 74,65 25434
Oct 35,04 44,17 16,82 3.94 79,22 2077

.ﬁo.ﬂmu. . - . .- .o -
Percentagse 38,02 46.14 10,62 4,73 84,30 15.36
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Buring the second year, maximum insect catch percentage
was between 17.00 - 20,00 hrs. in Decembdr, February
and March and between 20,00 - 23,00 hrs, in April, May,
June, July, August, September, October, Novembet and
January. Minimum percentage of insects were collected
between 23,00 - 03.00 hrs, in September during the first
year and in December, January and February during the
second year. While for the rest of the months minimum
percentage was between 03,00 - 06,00 hrs. in both the

years,

523 : POPULATION DYNAMICS:

DIPTERA

Diptera was the most dominant order in the light-
trap collection in both the years, with 3874 and 3270 of
numbers of individuals, respectively. DBuring the first
year the order constituted 42,05% and during the second
year it uas 47.,43% of the total catches (Tables 5.1, 5.2).
The monthly fluctuation of Diptera has been shoin in the

Figure:£.3,

During the first year the monthwise total
collection and its percentage of the total annual Catch
were as follous ¢ November 108 (2.79%), December 2 (0.05%),
January 2 (0.05%), February 8 (0.21%), March 8 (0,21%),
April 19 (0,49%), May 34:(0.88%), June 312 (8.05%), July
393 (10.14%), August 346 (8,93%), September 623 (16,08%)
and October 2022 (52.19%)., During the second year the

monthuise collection and its percentage of the total



Figure&3s Monthuise total collection of Diptera
and Orthoptera in Light-trap from Novem=
ber, 1979 to October, 1981/
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annual eatch were as follows : November 68 (2.08%),
December 1 (0.05%), January 4 (0.12%), February 10

(0.31%), March 7 (0.21%), April 12 (0.37%), May 24

(8.73%), June 323 (9.88%), July 292 (8.93%), August
280 (8,56%) and September 591 (18,07%) and October

1658 (50.70%).

The relative abundance of Diptera uas
minimum in December and January with 2 (0,05%) in each
month and maximum in October with 2022 (52.19%) in the
first year, During the second year the relative abun-
dance was minimum in December with 1 (0.05%) and maxi~
mum in October with 1658 (50.70%). There uere three
peaks of catch in February 8 (0.21%), July 393 (10.14%)
and October 2022 (52.19%) in the first year, During
the second year the three peaks were in February 10
(0.31%), June 323 (9.88%) and October 1658 (50.70%).
Thus, during both the years of investidation the relative

abundance of Diptera shoued similarity,

The relationship between the monthly
relative abundance of Diptera and certain environmental
factors is presented in Tables 4.4, 4.3 for both the
years, In both the years, average minimum and maximum
temperature, humidity and monthly total rainfall did
not show any significant relationship with the monthly

total Diptera catch at 0,01% and 0.,05% levels.

The identification of the order reveals

that the collected samples comprised of five families,
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namely, Chironomidae, Cecidomyiidae, Tipulidae, Syrphidae
and Drosophilidae. The monthwise fluctuation of different
familiegs has been shown in Figure54. During the first
year the numbers and percentage composition of these
families were as follous : Chironomidae 2505 (67.24%),
Cecidomyiidae 1175 (30.33%), Tipulidae 49 (1.26%), Syrphid:-
dae 28 (0.72%) and Orosophilidae 17 (0.43%). Ouring the
second year the numbers and percentags composition of the
families were as follows : Chironomidae 2290 (70.03%),
Cecidomyiidae 866 (26.48%), Tipulidae 48 (1.46%), Syrphidae
37 (1.13%) and Drosophilidae 29 (0,88%).

The relative abundance of different families

of Diptera were as follous ¢

1. Chironomidae -- It was the most dominant
family and comprised of 2605 numbers with 67:24% of
the total Diptera catch of the first year and 2290
numbers with 70,03% of the total Diptera catch af the

second year,

Ouring the first year the monthly total catch
and percentage to the total annual catch were as follows ¢
November 86 (3.30%), December 2 (0,08%), January 2 (0.08%3,
February 5 (0.19%), March 3 (0.12%), April 12 (0.46%),
May 28 (1,07%), Jgne 19 (0.73%), July 16 (0.61%), August
22 (0.84%), September 418 (16,05%) and October 1992 ~7, 2.~ ),
(76,47%). During the second year the monthly total catch
and percentage to the total annual catch were as follouws :

November 57 (2.49%), December 1 (0.04%), January 4(0.17%),
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February 8(0.35%), March 6 (0,26%), April 4 (0.17%),
May 18 (0.79%), June 23 (1.00%), July 10 (0.44%),
August 20 (0.87%), September 518 {22.62%) and October
1621 (70.79%).

The relative abundance of the Chironémidae
was minimum in December and January with 2 (0.08%) in
each month and maximum in October with 1992 (76.47%) in
the first year; During the second year the relative
abundance was minimum in December with 1 (0,04%) and
maximum in October with 1621 (70.79%). There were three
peaks of catech in the first year in February 5 (0.19%),
May 28 (1.07%) and October 1992 (76.47%). In the second
year the three peaks were in February 8 (0.35%), June
23 (1.00%) and October 1621 (70.79%).

During September and October in the entire
study period most of the Chironomids were found to be
with internal Nematode, latter brust ocut from the abdomen
of the insect as soon as it falls doun the water of the

Ligh t-tepap.

2., Cecidomyiidae == In the first year the
family comprised of 1175 numbers with 30.33% of the total
annual Diptera catch. In the second year it comprised of

866 numbers and 26.48% of the total annual Diptera catch.

During the first yearths monthly total catch
and percentage to the total annual catch of the family
wvere as follouws ¢ November 16 (1.36%), December O (0.00%),
January 0(0,00%), February 0 (0.00%), March 0 (0.00%),
April 3 (0.26%), May 3 (0.26%), June 271 (23.06%), July
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357 (30.38%), Rugust 304 (25,87%), September 195
(16.60%). and October 26 (2.21%), During the second
year the monthly total catch and its percentage to
the total annual catch were as follows 2 November

7 (0.81%), December 0 (0.00%), January 0 (0,00%),
February 0 (0.00%), March 0 (0.00%), April 5 {0,58%),
May 4 (0.46%), Jdune 258 (29.79%), July 261 (30.14%),
August 230 (26.56%), September 69 (7.97%) and

October 69 (7.97%).

During the first year there was no
catch in Degcember, January, February and March and
minimum catch was in April and May with 3 (0.26%)
in each month and maximum catch vas in July with 357
(30,38%), There was no catch in December, January,
february and March; minimum catch was in May with 4
(0.,46%) and maximum catch was in July with 261 (30.14%)
in the second year. There was a single peak of catch
in July 357 (30.38%) in the first year. In the second
year there were two peaks of catch in April 5 (0.58%)
and July 261 (30.14%).

3., Tipulidae =~ In the first year the
family comprised of 49 numbers and 1.26% of the total
annual Diptera catch. In the second year it comprised
of 48 numbers and 1.46% of the total annual Diptera

CatCh.

Ouring the first year monthwise total

catch and its percentage to the tokl annual catch were
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as follows : November 6 (12,24%), December 0 (0.00%),
January 0 (0,00%), February 3 (6.12%), March 2 (4,08%),
April 4 (8.16%), May 3 (6.12%), June 7 (14.29%), July

6 (12.24%), August 4 (8.,16%), September 10 (20.41%)

and October 4 (8,16%). Durirg the second year month-
wise total catch and its percentage to the total annual
catch wers as follows : November 4 (8,33%), Decmmber

0 (0.00%), January 0 (0.60%), February 2 (4,17%), March
1 (2.08%), April 3 (6:25%),, May 2 (4.17%), June 13
(27.08%), July 2 (4.17%), August 12 (25.00%), September
4 (8,33%) and October 5 (10.42%).

There was no catch in December and January,

minimum catch was in March with 2 (4.08%) and maximum
catch was in September with 10 (20,41%) in the first
year. In the second year there was no catch in December
and February, minimum catch was in March with 1 (2.08%)
and maximum catch in June with 13 (27.08%). There uere
four louw peaks of catch in the first year in February 3
(6.12%), April 4 (8.16%), June 7 (14.29%) and September
10 (20.41%). In the second year there were five louw peaks
of catch in February 2 (4,17%), &pril 3 (6.25%), une 13

(27.08%), August 12 (25.00%) and October 5 (10.42%).

4, Syrphidae =- In the first year the family
comprised of 28 numbers and 0.72% of the total annual
Diptera catch, In the second year it comprised of 37

numbers and 1.13% of the total annual Diptera catch.



Figure 558 Monthwise total collection of Coleoptera:
Lepidoptera, Hemiptera and Hymenoptera
in Light-trap from Novembsr, 1979 to
October, 1981§
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During the first year monthuise total catch’
and its percentage to the total annual catch uere
as follows : June 12 (42.86%), July 10 (35.71%),
August 6 (21,43%) and were absent for the rest of
the months, During the second year monthwise total
catch and its percentage to the total annual catch
were as follous : June 20 (54.05%), July 7 (18.92%),
Rugust 8 (21.62%) and were absent for the rest of
the months,

5. Drosophilidae =~ The family comprised of
17 numbers and 0.43% of the total annual Diptera
catch during the first year. Ouring the second year
it comprised of 29 numbers and 0.88% of the total

annual Diptera catch.

Buring the first year monthuise total catch
and its percentage to the total annual catch uerse
as Pollows ¢ June 3 (17.65%), July 4 (23.53%), August
10 (58.82%) and were not found in the samples of the
rest of the months. DBuring the second year monthuiss
total catch and its percentage to the total annual
catch were as follows ¢ June 9 (31.03%), July 12
(41.38%), August 8 (27.59%) and were absent for the

rest of the months.

LEPIDOPTERA :

During the first year the order comprised of

1190 numbers and 12.91% of the total annual insect
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catch, Ouring the second year it comprised of 425
Aumbers and 6.16% of the total annual insect catch,
(Tables 5.1, 5.2 and Figures 5;1, s[zf} Monthly
fluctuation of Lepidoptera for the entire study

period has been shown in Figure &,5.

During the first year the monthuise total
collection and its percentage to the total annual
Lepidoptera collection were as< follous £ NOVmeer
14 (1.18%), December 9 (0.76%), January 10 (0.84%),
February 7 (0.59%), March 12 (1.01%), April 121
(10.17%), May 154 (12.94%), June 164 (13.78%), July
183 (15.38%), August 119 (10.00%), September 135
(11.34%) and October 262 (22.02%). During the sec-
ond year monthwise total collection and its percen-
tage to the total annual Lepidoptera collection uwere
as follous : November 10 (2.35%), December 8(1:88%),
January 11 (2.59%), February 7 (1.65%), March 11
(2.59%), april 27 (6.35%), May 29 (6.82%), June 39
(9.18%), July 47 (11.06%), August 65 (15.29%), Sep-
tember 112 (26.35%) and October 59 (13.88%).

The relative abundance of Lepidoptera was
minimum in February with 7 (0759%) and maximum in
October with 262 (22.02%) during the first year,
During the second year the relative abundance uwas
minimum in February with 7 (1.65%) and maximum in

September with 112 (26.35%). In the first year
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there were three peaks of catch in 3anuary 10 (0?84%),
July 183 (15.38%) and October 262 (22.02%). Thers
were two peaks of catch in ianuary 11 (2.59%) and
September 112 (26.35%) in the second year.

The relationship between ths monthly
relative abundance of Lepidoptera and certain environ-
mental factors have been presented in Tables €§¢ and
5.5 for first and second year, respectively; During
the first year average monthly minimum temperature
did not shou any significant relationship whils
average monthly maximum temperature shouwed signi-
ficant positive relationship at 0,05% level; averags
monthly minimum relative humidity shouwed significant
positive relationship at 0.05% level while average
monthly maximum relative humidity and monthly total
rainfall did not show any significant relationship
at 0.01% and 0.05% levels, Ouring the second year
average monthly minimum and maximum temperature
showed significant positive relationship at 0.01%
level; average monthly minimum and maximum relative
humidity and monthly total rainfall did not shou
any significant relationship at 0,01% and 0.05%

levels,

The identificantion of the order reveals
that the collected samples consist of nine families,

namel$, Pyralidae, Noctuidae, Geometridae, Notodontidae,
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Cossidas, Syntomidae, Yponomentidae, Zygaenidae and
Sphingidae. The monthuise 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%), Noctuidae 337 (28.31%), Geometridae 309
(25.96%), Notodontidae 41 (3.44%), Cossidas 29(2.43%),
Syntomidae 14 (1.17%), Yponomentidae 13 (1.00%),
Zygaenidae 5 (0,42%) and Sphingidae 1 (0,08%). During
the second year the total catch of each family and
thelr percentage to the total annual Lepidoptera
catch were as follows § Pyralidae 157 (36.94%),
Noctuidae 131 (30.82%), Geometridae 98 (23.05%),
Notodontidae 18 (4.23%), Syntomidae 6 (1.41%),
Cossidae 6 (1.41%), Zygaenidae S5 (1.17%) and
Yponomentidae 4 (0s94%).

The relative abundance of different

families were as follows

1. Pyralidae -~ it was the most dominant
family during the entire experimental period among

the Lepidoptera,

During the first year monthuwise total catch
and its percentage to the total annual catch were as

follogus ¢ November 3 (0.68%), Oscember 2 (0.45%), January



Figure 56% Monthuiss total collection of Pyralidae,
Noctuidae, Geometridae, Notodontidas,
Cossidae, Syntomidae, Zygaenidae and
Sphingidae in Light-trap from November,
1979 to October, 1981,
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2 (0.45%), February 3 (0.68%), March 4 (0.91%),
April 12 (2.72%), May 67 (15.19%), June 68 (15.'42%),
July 94 (21.32%), August 50 (11,34%), September 55
(12,47%) and October 81 (18,37%). ODuring the second
year monthwise total catch and its percentage to
the total annual catch were as follous f November

2 (1.,27%), December 3 (1.91%), January 4 (2.55%),
February 3 (1.91%), March 3 (1.91%), April 6
(3.82%), May 12 (7.64%), June 17 (10.83%), July

29 (18,47%), August 20 (12.74%), September 38
(24.,20%) and October 20 (12.74%).

The relative abundance of Pyralidas
was minimum in December and January uwith 2(0.,45%)
in each month and maximum in July with 94 (21.32%)
during the firat year. Ouring the second year the
relative abundance vwas minimum in November with
2 (1.27%) and maximum in September with 38(24,'20%).’
During the first year there were two peaks of catch
in July 94 (21.,32%) and October 81 (18,37%). During
the second year there were three psaks of catch in
January 4 (2.55%), July 29 (18,47%) and September
38 (24,20%).

2, Noctuidae =« During the first year
monthwise total catch and its percentage to the
total annual catch were as follows ¢ November 4
(1.19%), December 4 (1,19%), January 4 (1.19%),
February 2 (0.59%), March 3 (0.'89%), April 26

(7.72%), May 30 (8.90%), June 68 (17.21%), July
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44 (13,06%), August 46 (13,65%), September 44 (13,06%)
and October 72 (21.'36%). During the second year month—
wise total catch and its percentage to the total annual
catch were as follous ¢ November 4 (3.05%), December

2 (1.53%), January 3 (2.29%), February 2 (1.53%), March
3 (2.29%), April 8 (6.,11%), May 7 (5.34%), June 12
(9.16%), July 4 (3.05%), August 28 (21.37%), September
37 (28.24%), and October 21 (16.03%).

The relative abundance of Noctuidae was
minimum in February with 2 (0.59%) and maximum in
October with 72 (21.36%) during the first year., During
the second year the relative abundance was minimum in
December and February with 2 (1.53%) in each month and
maximum in September with 37 (28.24%). There were three
peaks of catch in Juns 58 (17.21%), August 46 (13.65%)
and October 72 (16.03%) during the first year. During
the second year there were?r -~y four peaks of catch in
January 3 (2.29%), April 8 (6.11%), June 12 (9.16%)
and September 37 (28,24%).

3. Geometridae -- The monthuise total
Geometridae catch and its percentage to the total
annual catch during the first year were as follous ¢
November 5 (1.52%), December 3 (0,97%), January 3
(0,97%), February 2 (0.65%), March 5 (1.62%), April
74 (23,95%), May 41 (13,27%), June 34 (11.00%), July
41 (13.27%), August 14 (4.53%), September 22 (7.12%)
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and October 65 (21.04%). During the second year
monthuise total catch and its percentage to the
total annual catch wers as follows ¢ November 3
(3.06%), December 3 (3.06%), January 3 (3.06%),
February 1 (1.02%), March 5 (5,10%), April 7
(7.14%), May 5 (5.10%), dune 11 (11.22%), July

9 (9,18%), August 9 (9.18%), September 34 (34.'69%)

and October 10 (10,20%).

The relative abundance of Geometridae
was minimum in February with 2 (0.65%) and maxi-
mum in April with 74 (23,95%) during the first year.
During the second year the relative abundance was
minimum in February with 1 (1.02%) and maximum in
September vith 34(34.69%). There were three peaks
of catch in April 74 (23.95%), July 41 (13.27%)
and October 65 (21.04%) during the first year,
During the second year the three peaks of catch
were in April 7 (7.14%), Juns 11 (11?22%) and
September 34 (34.69%).

4, Notodontidae -- The monthuise total
catch of Notodontidae and its percentage to the
total annual catch '+ in the first year were as
follows ¢ July 4 (9,76%), Auqust 5 (12.20%), Sep-
tember 10 (24.39%) and were absent in the samples
of the rest of the months, During the second year
the monthuise total catch and its precentage to

the total annual catch were ' as follows ¢ June 1
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(5.56%), July 3 (16.67%), August 6 (33.33%), Sep~-
tember 2 (11.11%), October 6 (33.33%) and were

ahsent in the samples for the rest of the months;

S. Cossidae == The monthuise total catch
of Cossidae and its percentagse to the total annual
catch in the first year were as follous s Augqust 3
(10.34%), September 4 (13.79%), October 22 (75.86%)
and were absgnt in the samples of the rest of the
months., During the second year the monthuise total
catch and its percentage to the total annual catch
ueré as follows ¢ August 2 (33:33%0, September 3
(50,00%), October 1 (16.67%) and uere absent in the

samples of the rest of the months.

6. Syntomidas -- The monthuise total catch
of the family and its percentazge to the total annual
catch during the first year were as follous 5 April 3
(21,43%), May o (64.29%), June 2 (14,29%) and were
not found in the samples of the rest of the months.
During the second year the monthwise total catch and
its percentage to the total annual catch uere as
follows ¢ January 1 (16.57%), May 3 (5.00%), June 2
(33.33%) and were not found in the samples of the

rest of the months.

7. Yponomentidae -=- The monthuise total

catch of the family and its percentage to the total
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annual catch were as follows ¢ April 4 (30:77%),

May 7 (53.85%), June 2 (15.38%) and were not found

in the samples of the rest of the months. during

the first year. During the second year the monthuise
total catch and its percentage to the total annual
catch were as follows : April 2 (50:00%), May 2(50,00%)
and were not found in the samples of the rest of the

months,’

8s Zygaenidae =~ The monthuwise total
catch of the family and its percentage to the total
annual catch during the first year uere as follous @
November 2 (40,00%), January 1 (20,00%), April 2
(20,00%) and were absent in the samples of the rest
of the months, During the sscond year the monthulse
total catch and its percentagd to the total annual
catch were as follows : November 1 (20,00%), April
4 (80,00%) and were absent in the samples of the rest

of the months,

9, Sphingidag ==~ This family uwas re-
presented by a single cateh in August during the
first year, During the second year no Sphingidae was

Caugh to
HYMENOP TERA ¢

The order comprised of 979 numbers of

individuals and 10.76% of the total annual insect
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collection in the first year. In the second year
the order comprised of 880 numberswf 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 shouwn in

Figure 5‘.‘5

During the first year monthuise total
collection of Hymenoptera and its parcentage to
the total annual collection were as follous f ﬁOVem~
ber 23 (2.35%), December 5 (0.51%), January 6(0561%),
February 10 (1.02%), March 10 (1.02%), April 95
(9.81%), May 122 (12.46%), June 167 (17.06%), July
215 (21.96%), August 20 (2.02%), September 276
(28.19%) and October 29 (2.96%). During the second
year monthuise total collection and its psercentage
to the total annual collection were as follouss
November 27 (3.03%), December 6 (0.68%), January
5 (0.57%), February 9 (1-02%), March 11 (1.25%),
April 95 (10.)80%), May 84 (9.55%), June 139(15.80%),
July 209 (23.75%), August 29 (3.30%), September
227 (25.80%) and October 39 (4.43%).

During the first year the relative
abundancs of HQmenoptera was minimum in December
with 5 (0.51%) and maximum in September uwith 276
(28,19%). Ther relative abundance during the sec-
ond year was minimum in January with S (0.57%)
and maximum in September with 227 (25.80%), In
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the first year there were two peaks of catch in =« .
July 215 (21,96%) and September 276 (28:19%). In the
second year also, the two peaks of catch were in Quly

209 (23.75%) and September 227 (25.80%).

The relationship of the total Hymenoptera
catch and certain environmental factors have been
shoun in Tables 5.1 and 5,2 for the two years, respec-
tively. During the first year the monthly average
minimum and maximum temperature, monthly average mini-
mum relative humidity shouwed sicnificant positive
relationship at 0,.05% level: uhile the monthly avera~
ge maximum relative humidity and the monthly total
rainfall did not shou any significant relationship at
0.01% and 0.05% levels., During the second year the
monthly average minimum and maximum temperature, the
monthly average minimum and maximum relative humidity
shouwed significant positive relationship at 0.05% level
while the monthly total rainfall did not show any

significant relationship at 0,01% and 0,05% levels.

The collected Hymenoptera consist of three
families, namely, formicidae, Cynipidae and Vespidae.
Monthuise fluctuation of each family for the entire

study period has been shoun in Figure 5.7.

Total catch of each family and its per-

centage to the total annual Hymenoptera catch during



Figure 57¢ Monthuise fluctuation of Cynipidae,
Vespidae and Formicidae in Light-trap

from November, 1979 to October, 1981/,
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the first year were as follous ¢ Formicidae 914
(93.36%), Cynipidae 43 (4.39%) and Vespidae 22
(2.24%). During the second year the total catch of
gach family and its percentage to the total annual
Hymeapoptera catch were as follows : Formicidae 828

(94,09%), Cynipidae 33 (3,75%) and Vespidae 19
(2.15%).

The relative abundance of different
families during the entire study period were as

follous ¢

1. Formicidae -~ This was the most
dominant family during the experimental period

among the Hymenoptera,

Ouring the first yesar the monthuise
total catch and its percentage to the totsl annual
catch of the family were as follows ¢ November 17
(1.86%), December 3 (0.33%), January 4 (O, 44%),
February 7 (0.77%), March 7 (0.77%), April 88
(9.63%), May 112 (12.25%), 3June 152 (16.63%), July
203 (22.,21%), August 18 (1,97%), September 274
(29.98%) and October 29 (3.17%). The monthuise total
catch and its percentage to the total annual catch
of the family during the second year usere as follous ;
November 20 (2.42%), December 4 (0.48%), January 5
(0.60%), Fehruary 7 (0.85%), March 8 (0,97%), April
81 (9.78%), May 77 (9.30%), 3June 134 (16.18%), July
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203 (24,52%), August 26 (3.14%), September 224
(27.05%) and October 39 (4.71%).

The relative abundance of Formicidae
was minimum in December with 3 (0.33%) and maximum
in September with 274 (29.98%) during the first
year; During the second year ths relativa abundance
was minimum in December ¥ with 4 (0.487%) and maxi-
mum in September with 224 (27.05%). There were tuo
peaks of catch in Huly 203 (22.21%) and September
274 (29./98%) during the first year, During the sec-
ond year also, the two peaks of catch were in July

203 (24.52%) and September 224 (27.05%).

2. Cynipidae =~ The monthuise total
catch of Cynipidae and its percentage to the total
annual catch during the first year were as follous ¢
November 6 (13.95%), December 2 (4.65%), January 2
(4.65%), February 3 (6.98%), March 3 (6.98%), April
5 (11.63%), May 6 (13.95%), June 11 (25.58%), July
5 (11.63%), August 0 (0,00%), September O (0.0D%)
ahd October 0 (0.G0%). dﬁring the second year the
monthuise total cateh and its percentage to the total
annual catch were as follous : November 7 (21.21%),
December 2 (6.06%), January O (0:00%), February 2
(6.,06%), March 3 (9.09%), April 9 (27.27%), May 3
(9.09%), June 3 (9.09%), July 4 (12.12%), August O

(0.00%), September 0 (0.00%) and October O (0.00%).
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The relative abundance of Cynipidae
was minimum in December and éanUary with 2(4,65%)
in each month and maximum in June with 11 (25,58%)
during the first year. During the second year the
relative abundance was minimum in December with 4
(0.48%) and maximum in September with 224 (27.05%).
There were tuo peaks of catch during the first year
in June 11 (25.58%) and November 6 (13,95%), During
the second year the two peaks were in July 203
(24.,52%) and September 224 (27.05%).

3, Vespidag =~ The monthuise total cateh
of Vespidae and its percentage to the total annual
catch during the first year were as follous :¢ Novem-
ber 0 (0.00%), December O (0,00%), 3January 0 (0,00%),
February 0 (0.00%), March 0 (0,00%), April 3 (13.54%),
May 4 (18.18%), June 4 (18,18%), July 7 (31.92%),
August 2 (9.09%), September 2 (9,09%) and October O
(0.00%). During the second year the monthuise total
catch of the family and its percentage to the total
annual catch were as follous : November 0 (0.,00%),
December 0 (0.00%), January 0 (0.00%), February O
(0.00%), March O (0.00%), April 5 (10.53%), May 4
(21.,05%), June 2 (10,53%), July 2 (10,53%), Auqust

3 (15,79%), September 3 (15.79%) and October 0(0.'00%).

The relative abundance of Vespidae was

minimum in August and September with 2 (9,09%) in
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sach month and maximum in July with 7 (31.82%) during
the first year, Ouring the second year the relative
abundance was minimum in June and July with 2 (10.537%)
in sach month and maximum in April 5§ (25,.32%). There
was a single peak of eatch in July 7 (31.82%) in the
first year. In the second year there wers tuo peaks

of catch in April 5 (26.32%) and September 3 (15.79%).

HEMIP TERA

Hemiptera comprised of 1028 numbers of
individuals and 11.17% of the total annual insect catch
of the first year and of 850 numbers of individuals
and 12,76% of the total annual insect catch of the
sgcond year. The monthly fluctuation of the order in
light-trap collection for the entire study period
have been shown in Tables 5.1, 5.2 and Figures %.1, 5.2:

and 6.,5.

During the first year monthuise total
collection of Hemiptera and its percentage to the
total annual collection were as follows ¢ November
302 (29.38%), December 15 (1,46%), January 5 (0.49%),
February 5 (0.49%), March 6 (0.58%), foril 63 (6.03%),
May 92 (8,95%), June 51 (4.96%), July 68 (6,517%),
Auqust 27 (2.53%), September 40 (3.89%) and October
355 (34,53%)., During the second year monthwise total
collection and its percentage to the total annual

collection uere as follows ¢ November 272 (32?00%),
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December 14 (1.65%), January 4 (0.47%), February 6
(0.71%), March 19 (2.24%), April SO (5.88%), May 90
(10.59%), June 44 (5.18%), July 64 (7.53%), August
24 (2.82%), September 26 (3.06%) and October 237
(27.88%).

The relative abundance of Hemiptera was
minimum in January and February with S (0.49%) in
each month and Maximum in October with 355 (34.53%)
during the first year., During the second year the
relative abundance was minimum in January with 4
(0,47%) and maximum in Névember with 272 (32:00%);
There uere thrae peaks of catch in May 92 (8,95%),
July 68 (6.,61%) and October 355 (34.53%) during the
first year. During the secand year the three peaks
of catch were in November 272 (32,00%), May 90(10.59%)

and July 64 (7.53%).

The relationship of the monthly total
Hemiptera catch and certain environmental factors
have been showun in Tables 2.4 and 4.5 for the tuo
years. During thec first year the monthly average
minimum and maximum temperature, minimum relative
humidity and monthly total rainfall did not shouw
any significant relationship at 0.01% and 0,05%
lgvels while the monthly average maximum realative
humidity shoued significant positive relationship

at 0,05% level, During the second year the monthly



average minimum and maximum temperature, minimum
and maximum relative humidity and monthly total
rainfall did not show any significant relation-

ship at 0.01% and 0.05% levels.

The collected samples of Hemiptera

consist of five families, namely, Jassidae, Coreidae,

Lygaedae, Miridae and Pentatomidae, The monthuise
catch fluctuation of each family for the entire

experimental period has been shown in Figure%'5,8.

Total catch of each family and its
percentage to the total annaul Hemiptera catch
during the first year were as follouws ¢ Jassidae
911 (88.61%), Coreidae 48 (4.66%), Lygaeidae 37
(3.59%), Miridae 29 (2.82%), and Pentatomidae 3
(0.29%). During the second year the total catch
of each family and its percentage to the total
annual Hemiptera catch were as follous :Jassidae
769 (90.47%), Coreidae 42 (4.94%), Lygaeidae 26
(3.05%), Miridae 11 (1.,29%) and Pentatomidae 2
(0.23%).

- 1. Jassidae =- fhis family dominated
the total Hemiptera collection during the entire

experimental period,

)

During the first yeaf’monthuise total

catch of the family and its percentage to the total

82



Figuresa s

Monthuise total collection of Miridae,
Pentatomidae, Jassidae, Coreidas and
Lygasidae in Light-trap from November,
1979 to October, 1981,
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annual catch were as “ follows ¢ November 296
32,49%), December 14 (1.54%), January 6 (0.66%),
February 4 (0.44%), March 5 (0.55%), April 49
(5.38%), May 72 (7.90%), June 33 (3.62%), July

39 (4.28%), August & (0.,44%), September 37(4.06%)
and October 352 (38.64%). During the second year
monthuise total catch and its psrcentage to the
total annual Jassidae catch were as follous ;
November 260 (33.81%), December 14 (1,82%), January
4 (0.52%), February 6 (0.78%), March 17 (2.21%),
April 43 (5,59%), May 69 (8,97%), June 38 (4,94%),
July 52 (6,76%), August 13 (1.69%), September 22
(2.86%) and October 231 (30.04%).

The relative abundance of jassidae was
minimum in February and August with 4 (0,44%) in
each month and maximum in October with 352 (38,64%)
during the first year. Durirg the second ysar the
relative abundance was minimum in January with 4
(0.52%) and maximum in November with 260 (33.81%).
There uwere three peaks of catch in May 72 (7:90%),
July 39 (4.28%) and October 352 (38.64%) during the
first year., During the second year the three peaks
of catch were also in May 69 (8,97%), July 52(6.176%)

and November 260 (33.81%).

2. Coregidae =~ The monthuise totzl catch

and its percentage to the total annual catch of the



family during the first year were as follous ¢
November 6 (12,50%), December 0 (0.00%), January

o (0.00%), February 0 (0,00%), March 1 (2.08%),
April 13 (27.08%), May 8 (16.67%), June 5 (10.42%),
July 13 (27.08%), Auqust 2 (4.17%), September O
(0,00%) and October 0 (0.00%). During the second
year the monthuise total catch and its percentage
to the total annual catch were as follous ; Novem-
ber 12 (28.57%), December 0 (0,00%), January O
(0,00%), February 0 (0.00%), March 2 (4.76%), April
7 (16.67%), May 11 (26.19%), June 2 (4.76%), July
8 (19.05%), August 0 (0,00%), September O (0,00%)
and October 0 (0,00%).

The relative abundance of Coreidae uwas
minimum in March with 1 (2.,08%) and maximum in April
and July with 13 (27.08%) in each month during the
first year. During the second year the relative
abundance was minimum in March with 2 (4.76%) and
maximum in November with 12 (28,57%). There were
three peaks of catch in November 6 (12,50%), April
13 (27.08%) and July 13 (27.08%) during the first
year. DBuring the second year the three peaks uere
in May 11 (26.19%), July 8 (19.05%) and November 12
(28.57%).

3. Lygaeidae =- The monthuise total catch

and its percentage to the total annual catch of this

84
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family déring the first year were és follows ¢
November 0 (0.00%), December 0 (0.00%), January

0 (0.00%), February 0 (0.00%), March 0 (0.00%),

April 0 (0.00%), May 5 (13.51%), June 4 (10.81%),
July 6 (16.22%), August 16 (43.24%), September 3
(8,11%) and October 3 (8,11%). During the second
year the monthwise total catech and its percentage

to the total aﬁnual catch were as follows ¢ Novem-~
ber 0 (0.00%), December”0 (0.00%), January 0 (0.00%),
February 0 (0,00%), March 0 (0.00%), April 0 (0.00%),
May 6 (23.08%), June 3 (11.54%), July 2 (7.69%),
August 5 (19;23%), September 4 (15.38%)  and

October &6 (23.08%).

The relative abundance of Lyqaeidae
was minimum in July with 2 (7.69%) and maximum
in May amd October with 6 (23.08%) in each month
during the first year. During the second year the
relative abundance was minimum in July with 2
(7.69%) and maximum catch was in May and October
with 6 (23,08%) in each month. There were tuc peaks
of catch in May S (13.51%) and August 16 (43.247%)
during the first year. During the secand year there
were three peaks of catch in May 6 (23.08%), August

5 (19,23%) and October 6 (23.08%).

4, Miridae =~The monthuise total catch

and its percentage to the total annual catch of the
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family during the first year were as follous : May

7 (24.14%), June 9 (31.03%), July 10 (34,48%), August
3 (10.34%) and were not found in the samples of the
rest of the months. DBuring the second year the month-
wise total catch and its percentage to the total
annual catch were as follouws : May 4 (36,36%), June

1 (9.09%), July 2 (18,18%) and August 4 (36,36%) and

were not found in the samples of the rest of the months.

5. Pentatomidae =~ During the First~yaar
the monthwise total cateh and its percentage to the
total annual catch were as follous : Fehruary 1(33.33%),
August 2 (66.67%) and were not found in the samples
of the rest of the months. During the second year the
family was represented by a single catech in August and

were absent in the rest of the months,

COLEDPTERA :

This order comprised of 1537 numbers of
individuals and 16.68% of the total annual insect
collection in the first year and 919 numbers of
individuals and 13.33% of the total annual insect
collection in the second year., The monthly fluctuation
of Coleoptera for the entire study period have been

shown in Tables 5.1, 5.2 and figures %,1, 5.2 and 5.5.

Ouring the first year the monthuise total

collection of Coleoptera and its percentage to the
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total annual collection of the order uwere as follous ;
November 161 (10.47%), December 20 (1.20%), January

10 (0.65%), February 3 (0.20%), March 19 (1.24%), April
130 (B.46%), May 162 (10.54%), June 121 {7.87%), July
142 (9.24%), Auqust 30 (1.95%), September 20 (1.30%)
and October 719 (46.78%). During the second year month-
wise total collection and its percentage to the total
annual collection were as follous : November 65(7.07%),
December 2 (0.,22%), January 9 (0,98%), February 8
(0.87%), March 10 (1.09%), April 108 (11.75%), May

150 (16.32%), June 129 (14.04%), July 164 (17.85%),
Rugust 48 (5.22%), September 26 (2.83%) and October
200 (21.76%).

The relative abundance of Coleootera
was minimum in February with 3 (0.20%) and maximum
in October with 719 (46,78%) during the first year.
During the second year the relative abundance was
minimum in December with 2 (0.22%) and maximum in
October with 200 (21,76%). There were three peaks
of catch in May 162 (10.54%), July 142 (9,24%) and
October 719 (46.78%) in the first year, In the sec~
ond year there were five peaks of catch in January
9 (0.98%), March 10 (1.09%), May 150 (16.32%), July
164_(17.85%) and October 200 (21.76%).

The relationship of the monthly total

Coleoptera collection and certain environmental
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factors have been shoun in Tables 3.1 amd 3.2 for
the entire experimental period. During the first
ysar monthly average minimum and maximum temperatdre,
minimum and maximum relative humidity and monthly
total rainfall did not shou any significant positivs
relationship at 0,01% and 0.057% levels. During the
second year the monthly average minimum temperature
and maximum relative humidity shoued significant
positive relationship at 0,05% level hut maximum
temperature, minimum relative humidity and monthly
total rainfzll did not show any significant positive

relationship at 0.01% and 0.05% levels.,

The Coleoptera collected in the
light-trap comprised of tuwuelve families, namely,
Nitidulidae, Curculionidas, Chrysomellidae, Ela-
teridae, 8yrrhidae, Carabidae, Coccinellidae,
Gerridae, Cerambicidae, Lymaxylidas, Tenebrio-
nidae and Staphylinidae. The monthuise catch
fluctuation of different families for the
entire experimental period have been presented

in Figures 4.9 and 4.10.

Total catch of each of the family
and its percentage to the total annual Coleoptera
catch during the first year were as follous @
Nitidulidae 508 (33.05%), Curculionidae 363

(26.61%), Chrysomellidae 286 (18.560%), Elateridae



Figure 5.9 ¢ Monthuise total collection of Nitidulidas,
Carabidae, Gerridae, Curculionidae and

Chrysomelidae in Light-trap from November,
1979 to October, 1981,
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Figurs 5,0 ¢ Monthuise total collection of Byrrhidae,
Cerambicidae, Lymaxylidas, Stephylinidae,
Elateridas, Coccinellidae and fenebrio-
nidae in Light-trap from November, 1979
to October, 19817,



NUMBER

NUMBER

38

25

50

w
o

o

b~

-

L

o—0Q
Py
FIGs 5a10 >

L o

BYRRHIDAE
CERAMBICIDAE
LYMEXYLIDAE
STERHYLINIDAE

z
Llllli&lLA/j

1

i

0—o0
&0

Wvenismmmnt)

ELATERIDAE
COCCINELLIDAE
TENEBRIONIDAE




89

118 (7.67%), Byrrhidae 111 (7.22%), Carabidae 101
(6.57%), Coccinellidae 34 (2.21%), Gerridae B
(0.52%), Cerambicidae 3 (0,19%), Lymexylidae 3
(0.,19%) and Staphylinidae 2 (0.13%). During the
second year total catch of each family and its
percentage to the total annual catch were as
follows : Nitidulidae 219 (23,83%), Curculionidae
363 (26.61%), Chrysomellidae 135 (14.68%), Ela-
teridae 114 (12,40%), Byrrhidas 285 (9.24%), Caro-
bidae 69 (7.50%), Coccinellidae 32 (3.48%), Gerri-
dae 11 (1.19%), Cerambicidae 13 (1.41%), Lymexyli-

dae 3 (0.32%) and Staphylinidae 1 (0.10%3).

1« Nitidulidae -- During the first
year monthlise total catch and .its percentage to
the total annual catch were as follows ¢ November
69 (13.58%), December 12 (2.36%), January 4 (0.79%),
February 0 (0.00%), March 5 (0.98%), April 21 (4,30%),
May 46 (9.05%), Junme 36 (7.09%), July 40 (7.97%),
August 6 (1.18%), September 3 (0,59%) and October
266 (52,36%). During the second year monthuise total
catch and its percentage to the total annual catch
were as follous ¢ November 21 (9.59%), December 2
(0.91%), January 7 (3.20%), February 0 (0.00%), March
2 (0,91%), &pril 20 (9.13%), May 35 (15.98%), June
46 (21,00%), July 36 (16.44%), August 4 (1.83%),

September 0 (0,00%) and October 46 (21.00%).



The relative abundance of Nitidulidae was
minimum in September with 3 (0.59%) and maximum in
October with 266 (52.36%) during the first year.
During the second year the relative abundance was
minimum in December with 2 (0.91%) and maximum in
June and October with 46 (21.00%) in each month,
There were three peaks of catch in May 46 (9,'06%),
July 40 (7.87%) and October 266 (52,36%) during the
first year. Durino the second year the three peaks
were in January 7 (3.20%), June 46 (21.00%) and

October 46 (21.00%).

2. Curculionidae ~- The monthuise total
catch and its percentage to the total annual cateh
of Curculionidae in the first year were as follows @
November 63 (17.36%), December 8 (2.20%), January O
(0.00%), February 1 (0.28%), March 5 (1.65%), April
46 (12.12%), May 30 (8.26%), June 31 (8,54%), July
24 (6.61%), August 4 (1.10%), September ? (0.55%)
and October 150 (41.32%). In the second year month-
wise total catch and its percentage to the total
annual catch were as foldouws : November 24 (10.43%),
December 0 (0.00%), January 0 (0.00%), February 2
(0.87%3), March 3 (1.30%), April 32 (13.91%), May &1
(17.83%), June 30 (13.04%), July 37 (16,09%), Auqust
13 (5.60%), September 5 (2.17%) and October 43
(13.70%).

aa
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The relative abundance of Curculiocnidae
was minimum in February with (0.28%) and maximum
in October with 150 (41.32%) during the first year.
During ths second year the relative abundance uwas
minimum in February with 2 (0.87%) and maximum in
October with 43 (18,70%). There werse three peaks of
catch in April 44 (12.12%), June 31 (8.54%) and
October 150 (41.32%) during the first year. during
the second year the three peaks were in May 41

(17.83%), 3July 37 (16.09%) and October 43 (18.70%).

3. Chrysomellidae == In the first ysear
the monthwise total catch and its percentage to the
total annual catch of Chrysomellidae were as Follous£
November 20 (6.99%), December 0 (0.00%), january 6
(2.10%), February 2 (8.70%), March 3 (1.05%), April
17 (5.94%), May 28 (9.79%), June 14 (4.90%), July
10 (3.50%), August 2 {0.70%), September 9 (3.15%)
and October 175 (61.19%). In the second year the
monthuise total catch and its percentage to the total
annual catch were as follows : November 10 (7.41%),
December 2 (1,48%), January 2 (1.48%), February 6
(4.44%), March 5 (3.70%), April 16 (11.85%), May 28
(20.74%), June 12 (8.89%), July 9 (6.67%), August 7
(5.19%), September 10 (7.41%) and Octobser 30
(22.22%).

The relative abundance of this family uas

minimum in February and August with 2 (0.70%) in
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each month and maximum in October with 175 (61.19%)
during the first year. During the second year the
relative abundance was minimum in 5anuary with 2
(1.48%) and maximum in October with 30 (22.22%).
There were thres peaks of cateh in January 6 (2.10%),
May 28 (9.,79%) and October 175 (61.19%) in the first
year. In the second year the three peaks were in
February 6 (4.44%), May 28 (29.74%) and October 30

(22.22%).

4, Elateridae -- The monthuise total
catch and its percentage to the total annual catch
of the family in the first year were as follows
November 7 (5.83%), December 0 (0.00%), January O
(0.00%), February 0 (0.00%), March 5 (4.23%), April
22 (18.64%), May 14 (11.86%), June 13 (11.02%), July
21 (17.80%), August 0 (0,00%), September 2 (1.69%)
and October 34 (28.81%). In the second year the
monthuise total catch and its percentane to the total
annual catch were as follows : November 2 (1.75%),
December 0 (0,00%), January 0,(0,00%)7 February O
(0,00%), March 0 (0.00%), April O (0,00%), May 27
(23.68%), June 15 (13.16%), July 22 (19,20%), August

0 (0.00%), September 4 (3.51%) and October 24 (21.05%),

The relative ahundance of this family
was minimum in September 2 (1.69%) and maximum in
October 34 (20.81%) during the first year. During

the second year the relative abundance was minimum
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in November 2 (1.75%) and maximum in April 27 (23.68%).
There were three peaks of catch in April 22 (jsfsa%),
July 21 (17.80%) and October 34 (28,81%) in the first
year., In the second year also the three peaks were in
April 27 (23.68%), July 22 (19.30%) and October 24

(21,05%).

S. Byrrhidae =~ The monthuwise total catch
and ite percentage to the total annual catch of the
family in the first year were as follous : November
0 (0.00%), December O (0.060%), January G (0.00%),
February 0 (0,00%), March 0 (0.00%), April 18 (16.22%),
May 25 (22.52%), Junme 15 (13.51%), July 31 (27.93%),
August 12 (10.81%), September 0 (0.00%) and October
10 (9.019). In the second year the monthuise total
catch and ite percentage to the total annual catch
were as foldous ¢ November 0 (D:OD%), December 0
(0.00%), January 0 {0.00%), February 0 (0.00%), March
0 (0.00%), April 8 (9.41%), May 11 (12.94%), June 9
(9.41%), July 28 (32.94%), August 12 (14.12%), Sep-

tember 0 (0.00%) and October 18 (21.18%).

During the first year minimum catch was
in October 10 (9.01%) and maximum catch was in July
31 (27.93%)., During the second year minimum catch was
in April 8 (9.41%5 and maximum catch was in 5u1y 28

(32,94%). There were three peaks of catch in May 25
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(22.52%), July 31 (27.93%) and October 10 (9.01%)
during the first year. During the second year the
three peaks were alsc in May 11 (12.94%), July 28

(32.94%) and October 18 (21.18%).

5. Carabidae -- The monthuwise total
collection and its percentage to the total annual
collection of the family in the first year uere as
follous : April 8 (7.92%), May 9 (8.91%), June 3
(2,97%), July 7 (6.93%), August 3 (2.97%), September
2 (1.98%), October 69 (68.32%) and were abhsent in the
rest of the months. In the second year the monthuise
total collection and its percentage to the total
annual collection uere as follows : November 5 (7.25%),
April 5 (7.25%), May 6 (8.70%), June 3 (4.35%), July
13 (18,84%), August .3 (4.25%), September 6 (8.,70%),
October 29 (42.03%) and were absent in the rest of the

months,

During the first year minimum catch was
in September 2 (1.98%) and maximum cateh was in Octo-
ber 69 (68.32%) and there were three peaks of catch
in May 9 (8.91%), July 7 (6.93%) and October 69
(68.32%). During the second year minimum catch was
in June 3 (4,35%) and maximum catch was in October
29 (42,03%) and the thres peaks of catch were in

May 6 (8.70%), July 12 (18.84%) and October 29(42,03%).
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7. Coccinellidae =-- The monthuise total
cateh and its percentage té the total anrual catch
of the family in the first year uwere as follows ¢
November 2 (5.88%), May 10 (29.41%), June 7(20.59%),
October 15 (44.12%) and vere not found in the samples
of the rest of the months, fn the second year the
monthwise total catch and its percentage to the total
annual catch were as follous : November 3 (9:38%),
May 9 (28,13%), June 10 (31.25%), October 10(31.25%)

and uere\absent for the rest of the months.

8., CGerridae -~ During the first year
the family was caught in June 2 (25.00%), July 4
(50.00%), August 2 (25.00%) and were absent for the
rest of the months. During the second year it was
caught in June 5 (45,45%), July 6 (54.55%) and were

absent for the rest of the months.

9., Cerambicidae =~ During the first year
this family was represented only in July 3 (100,00%)
and were absent for the rest of the months.During the
second year also this family was represented only in
July 13 (100,00%) and were absent for the rest of
the months,

10, Lymaxylidag =~- During the first year
this family was caught in July 2 (66.67%), August 1

(33.33%) and were absent for the rest of the months.
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During the second year it was caught in July 1
(33,33%), August 2 (66.67%) and uvere absent for

the rest of the months,

11. Stephylinidae =- During the first
year this family was caught only in September 2
(100.00%) and during the second year also it was
caught in September 1 (100.00%) and were absent for

the rest of the months of the experiment.

12, Tenebrionidae -- Mo Tenebrionidae
was caught during the first year. During the second

year it was caught only in August 7 (100,00%).

DICTYOPTERA

This order comprised of 65 numbers of
individuals and 0.70% of the total annual insect
catch of the first year and of 48 numbers of indivi-
duals and 0,70% of the total annual insect catch of
the second year. The monthly fluctuation of Dictyontera
for the entire study period have been shoun in Tables

5.1, 5.2 and Figures 5.1, 5.2 and 5.1i.

The monthuwise total collection of the
order and its percentage to the total annual collec-
tion in the first year asswere as follous ¢

November 1 (1.54%), December 0 (0.00%), January O
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(0.00%), February 0 (0.00%), March 0 (0.00%), April
16 (24.,62%), May 25 (38,46%), June 5 (7.69%), July

3 (4.62%), August 5 (7.69%), September 7 (10.77%)

and October 3 (4.62%). In the second year the month-
wise total cellection and its percentage to the total
annual collection were as follows : November 2(4,17%),
December 0 (0,00%), January 0 (0,00%), February O
(0.,00%), March 4 (8,33%), April 5 (10,42%), May 8
(16.67%), June 6 (12,50%), July 5 (10.42%), August 6

(12.50%), September 7 (14.58%) and October 5 (10.427%).

The relative abundance of the order
was minimum in November with 1 (1.54%) and maximum in
May with 25 (38.46%) during the first year. During the
second year the relative abundance was minimum in
November with 2 (4,17%) and maximum in May with 8
(16.67%). There were two peaks of catch during the
first year in May 25 (38.46%) and September 7 (10.77%).
During the second year also the tuwo peaks were in May

8 (16,67%) and September 7 (14.58%).

The relationship of the monthly total
Dictyoptera collection and certain environmental factors
have been shouwn in Tables 5.4 and 5.5 for the entire
experimental period. During the first year the monthly
average minimum and maximum temperature, minimum and
maximum relative humidity and monthly total rainfall

did not show any significant positive relationship at



0.01% and 0.05% levels. During the second year the
monthly average minimum and maximum temperature,
minimum and maximum relative humidity showed signi-
ficant positive relationship at 0.01% level only
while monthly total rainfiall did not show any sig-

nificant relationship at 0.01% and 0.05% levels.

The Dictyoptera collected in the
light-trap comprised of two families, namely,
Blatidae and Mantidae during the entire experi-
mental period., The monthuise cateh fluctuation of
the two familiss has been shown in Figure g, During
the first year total catch of each family and its
percentage to the total annual Dictyopters catch
were as follows : 8latidae 55 (64.61%), Mantidase
10 (15,38%) and during the sacond year it were
as follows ¢ Blatidae 40 (83.33%) and Mantidae 8

(16.66%).

1. Blatidae == The monthuise total
catch and its percentage to the total annual catch
of the family in the first year were as follows ¢
November 1 (1,82%), December 0O (0.00%), January 0
(0.00%), February 0 (0.00%), March 0 (0.00%),

April 11 (20.,00%), May 22 (40.00%), June 5 (9.09%),
July 2 (3.34%), August 4 (7.27%), September 7
(12.73%) and October 3 (5.45%). In the second year

the monthwise total catch and its percentage to
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Figuresi s Monthwise total collection of Dictyoptera
and its families Blattidae and Mantidae
in Light-trap from November, 1979 to

October, 19814
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the total annual catch were as follows : MNovember
2 (5.00%), December 0 (0,00%), January 0 (0.00%),
February 0 (0,00%), March 4 (10,00%), April 3
(7.50%), May 7 (17.50%), June 4 (10.00%), July
5(12.50%), Auqust 4 (10.00%), September = &

(12.50%) and October 6 (15.00%).

The relative abundance of the family
was minimum in November 1 (1.82%) and maximum in
May 22 (40,00%) and there were tuo peaks of catch
in May 22 (40.00%) and September 7 (12.73%) during
the first year., Ouring thaz second year the rela-
tive abundance uas-minimum in November 2 (5.00%)
and maximum in May 7 (17.50%) and there were four
peaks of catch in March 4 (10,00%), May 7 (17.50%),

July 5 (12.50%) and October 6 (15.00%).

2. Mantidae =-- The monthuise total
catch and its percentage to the total annual catch
of the family during the first year were as
follows ¢ April 5(50,00%), May 3 (30.00%), July 1
(10,00%), Augqust 1 (10.70%) and were asbsent for
the rest of the months, During the second year the
monthuwise total catch and its percentage to the total
annual catch were as follows : April 2 (25.,00%), May
1 {12.50%), June 2 (25.00%), August 3 (37.50%) and

were absent for the rest of the months.



The relative abundance of Mantidae was

minimum in July and August with 1 (10.00%) and

100

maximum in April with 5 (50.00%) during the first v--

year., During the second year the minimum catch uas
in May with 1 (12.50%) and maximum in August with

3 (37.50%).

ORTHOPTERA :

Orthoptera comprised of 345 numbers of
individuals and 3.74% of the total annual insect
collection of the first year and of 316 numbers
of individuals and 4.58% of the total annual insect
collection of the second year: The monthly fluc-
tuation of Orthoptera for the entire study period

have been showun in Tables %.1, 5.2 and Figures'3;1,

5,2 and 5.3.

The monthwise total collection of the
order and its percentage to the total annual
collection in the first year were as follous ;
November 11 (3.19%), December 8 (2.,32%), January
3 (0.87%), February 7 (2.03%), March 47 (13.62%),
April 17 (4J/93%), May 27 (7.83%), June 26 (7.54%),
July 23 (6.67%), August 10 (2.90%), September 12
(3,48%) and October 154 (44.64%). In the second
year the monthuise total collection and its per-

centage to the total annual collection were as
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follous : November 8 (2.53%), December 9 (2,85%),
January 5 (1.58%), February 6 (1.90%), March 21
(6.65%), April 24 (7.59%), May 34 (10.76%), June
26 (8.23%), July 27 (8.54%), Auqust 7 (2.227),

September 10 (3.16%) and October 139 (43,99%).

The relative abundance of Orthoptera
during the first year was minimum in January 3
(0.87%) and maximum in October 154 (44.64%). During
the second year the relative abundance was mini-
mum in January S5 (1.,58%) and maximum in Octoher
139 (43,99%). During the first year there uere
three peaks of catch in March 47 (13,62%), May
27 (7.83%) and October 154 (44,64%). During the
second year there were four peaks of catch in
December 9 (2.85%), May 34 (10.76%), July 27(8.54%)

and Oclober 139 (43.99%).

The relationship.of the monthly total
Orthoptera collection and certain environmental
factors have been shown in Tables 5.4 and %;5 for
the entire study period. In the first year the
monthly average minimum and maximum temperaturs,
minimum relative humidity and monthly total rain-
fall did not show any significant relationship
at 0,01% and 0,05% levels, while maximum rela-
tive humidity showed significant positive rela-

tionship at 0,01% level. In the second year the

1¢7ﬂ‘“’6 )



102

monthly average minimum and maximum temperature,
minimum and maximum relative humidity and monthly
total rainfall did not show any sionificant rela-

tionship at 3,'01% and 0,05% levels,

Four families of Orthoptera, namely,
fcrididae, Gryllidae, Tettigonidse and Gryllotal-
pidae were collected in the light-trap during the
experimental pariod. The monthly fluctuation of
different families for the entire expsrimental
period has been shown in Figure 10, The catch
fluctuation of different families and their per-
centage to the total annual Orthoptera catch in
the first year were as follows ¢ Acrididae 133
(38.55%), Gryllidae 105 (30;43%), Tettigonidae
100 (28,98%) and Gryllotalpidae 7 (2.02%). In
the second ysar catch fluctuation of the different
families and their percentage to the total annual
Orthoptera catch were as follows : Acrididae 116
(36.70%), Gryllidae 81 (25.53%), Tettigonidae 112

(35.44%) and Gryllotalpidae 7 (2.21%).

1. Acrididae -~ The monthuwise total
catch and its percentage to the total annual catch
of the family in the first year were as follous @
November 5 (3.76%), Decemher 6 (4.51%), January 2
(1.50%), February 4 (2.01%), March 38 (28.57%),

April 9 (6.77%), May 9 (6.77%), June 6 (4.51%),



Figure 5.12 ¢ Monthuwise total collection of Acrididae,
Gryllidae, Tettigonidae and Gryllotalpidas
in Light-trap from November, 1979 to

Cctober, 1981.
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July 3 (2.26%), August 7 (5.25%), September 2
(1.50%) and October 42 (31.58%). In the second
year the monthuwise total catch and its parcentage
to the total annual cateh of the family were as
follous : Navember 4 (3,45%), December 7 (6.03%),
January 2 (1.72%), February 3 (2.59%), March 15
(12.93%), April 9 (7.75%), May 16 (13.79%), June
6 (5.17), July 3 (2.59%), August & {(3.457%), Sep-

tember 2 (1.72%) and October 45 (38.79%).

The relative abundance of the family
was minimum in January and September with 2 (1.507%)
ir each month and maximum in October with 42(31,58%)
during the first year, Ouring the second year the
relative abundance was minimum in January and Sep-
tember with 2 (1.72%) in each month and maximum in
October with 45 (38,79%)., There were four peaks of
catch in December 6 (4.51%), March 38 (28.57%),
August 7 (5.26%) and October 42 (31.587%) during
the first year. Ouring the second year there usre
five peaks of catch in December 7 (6.03%), March
15 (12.93%), May 16 (13.79%), Auqust 4 (3.45%)

and October 45 (38,97%).

2., Tettigonidae =~ The monthuwise total
catch and its percentage to the total annusl catch of
the family in the first year were as follpouws : Novem=

ber 4 (4,00%), December 2 (2.00%), January 1 (1.00%),



February 0 (0.00%), March 3 (3.00%), ‘April S
(5.00%), May 11 (11.00%), June 10 (10.00%), 3July
8 (3.00%), Aaugust 3 (3.00%), September 3 (3.,00%
and October 50 (50,00%)., In the second year the
monthuwise total catch and its percentage to the
total annual catch were as follous E Movember 3
(2.68%), December 2 (1.79%), January 3 (2.68%),
February 2 (1.79%), March 3 (2.68%), April 5
(4,46%), May 14 (12.50%), Jdune 7 (6:25%), guly
10 (8.93%), August 3 (2.68%), September 4(3.57%)
and October 56 (50,00%).

The relative abundance of the family
during the first year was minimum in January with
1 (1.00%) and maximum in October with 50 (50,00%)
and there were two peaks of catch in May 11(11.00%)
and October 50 (50,00%). In the second year the
relative abundance was minimum in December and
February with 2 (1.79%) in each month and maximum

in October with 56 (50,00%) and there were four

peaks of catch in January 3 (2.68%), May 14 (12?50%),

July 10 (8.93%) and October 56 (50.00%).

3. Gryllidae =- The monthuise total
catch and its percentage to the total annual catch
of the family in the first ysar were as follous ¢
November 2 (1.90%), December 0 (0.00%), January O
(0.00%), February 3 (2.86%), March 6 (5.71%), April
3 (2.86%), May 7 (6.67%), Junme 8 (7.62%), July 7

104
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(6.67%), August O (0.00%), September 7 (56.67%)
and October 62 (52.05%). In the second year the
monthwise total catch and its percentage to the
total annual catch were as follows : November 1
(1.23%), December 0 (0.00%), January 0 (0.00%),
February 1 (1.23%), March 3 (3.70%), April 10
(12.35%), May 4 (4.94%), June 10 (12.35%), July
10 (12.35%), August 0 (0.00%), September 4(4.94%)

and October 38 (46.91%).

The relative abundance of the family
vas minimum in November with 2 (1.90%) and maximum
in October with 62 (59,05%) and there were three
peaks of catch in March 6 (5.71%), June 8 (7.52%)
and October 62 (59.05%) during the first year.
During the second year the relative abundance was
minimum in November and February with 1 (1.23%) in
each month and maximum in October with 38 (46,917%)
and there wsre three peaks of catch in April 10
(12.35%), dune and July 10 (12.35%) in each month

and October 38 (46.91%).

4, Gryllotalpidae == The monthuise
total catch and its percentage to the total annual
catch of the family in the first year were as
follows ¢ June 2 (28.577), July S (71.43%) and were

abhsent Ffor the rest of the months; In the seconrd



106

year the monthuise total catch and its percentage
to the total annual catch of the family werse as
follous :June 3 (42.,86%), July 4 (57.,14%) and uere

absent for the rest of the months.

EPHEMEROPTERA :

Ephemeroptera comprised of 81 numbers
of individuals and 0,87% of the total annual insect
collection of the first ysar and 50 numbers of indivi-
duals and 0,73% of the total annaul insect collection
of the second year. The monthly catch fluctuation of
the order for the entire study period have been shoun

in Tables 5.1, 5,2 and Figures 5.1, 5.2 and 5.13.

The monthuise total collection of the
order and its percentage to the total annual collection
in the first year were as follouws ¢ November 11(13358%),
December 0 (0,90%), January 0 (0,00%), February O
(0,00%), March 0 (0.'00%), April 3 (3570%), May 18
622.22%), June 10 (12.35%), July 5 (6.17%), August
4 (4,94%), September 8 (9.88%) and October 22 (27.16%).
In the second year the monthuise total catch and its
percentage to the total annaul catch were as follous ¢
November 8 (16,00%), December 0 (0.,'00%), January O
(0.00%), February 0 (0.00%), March 0 (0.00%), April 3
(6.,00%), May 6 (12.00%), June 5 (10.00%), July 3(86.00%),
August 4 (8.00%), September 6 (12.00%) and October 15
(30.00%).



Figure 5.13¢ Monthuise total collection of Trichoptera,
Ephemeroptara, Plegcoptera, Isoptera, Der-
maptera and Odonata in Light-trap from

November, 1979 to October, 19817
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The relative abundance of Ephemeroptera
was minimum in April with 3 (3.70%) and maximum in
October with 22 (27,16%) during the first year.
During the second year the relative abundance uas
minimum in April and July with 3 (6.00%) in each
month and maximum in October with 15 (30,00%).
There were two peaks of cateh in May 18 (22.22%)
and October 22 (27.16%) in the first year. In the
second year also the two.peaks of catch were in

May 6 (12.00%) and October 15 (30.00%).

The relationship of the monthly total
Ephemerontera collection and certain environmantal
factors have been shown in Tables 3.1 and 3.2 for
the entire experimental period. Both the year the
monthly average minimum and maximum teperature,
minimum and maximum relative humidity and monthly
total rainfall did not shouw any significant rela-

tionship at ©.0.,01% and 0.05% levels.

Buring the entire experimental period
only one family, namely, Baetidde, represented the

order

PEECOPTERA

This order comprised of 12 numbers of

individuals and 0.,13% of the total annual insect
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collection of the first year and of 32 numbers of

individuals and 0.46% of the totzl annual inssct

collection of the second year. The monthly catch

fluctuation of the order have been shown in Tables
5.1, !8.2 and Figures 5.7, 5.2 and 51% for the

entire experimental period,

The monthuise total collection of the
order and its percentage toc the total annual collsc-
tion 1in the first year uere as follows : MNovember
1 (8+33%), December 0 (0.00%), ganuary 0 {0,00%),
February 0 (0,00%), March 0 (0,00%), April 0(d.00%),
May 1 (8.33%), June 2 (16.57%), July 3 (25.007),
August 1 (8.33%), September 3 (25,00%) and October
1 (8.33%). In the second year the monthuise total
collection and its percentage to the total annu=zl
collection were as followus 3 Nouamber‘1 (3.13%),
December 0 (0,00%), January O (0,00%), February O
(0.00%), March 0 (0.00%), April 2 (6.25%), May 4
(12.50%), June 6 (18.75%), July 4 (12750%), Aucust

2 (6.25%), September 4 (12,50%} and October 9(28.13%),

The relative abundance of the order
was minimum in April, May, -:7i0ctober and November
with 1 (8.32%) in each month and maximum in July
and September with 3 (25.00%) in each month in the

first year. In the second year the relative abundance
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was minimum in November with 1 (3.13%) and maximum
in October uith 9 (28,13%). DOuring the first year
there were tuo peaks of catch in July 3 (25?00%) and
September 3 (25,00%). During the second year the

two peaks were in June 6 (18.75%) and October 9
(28.13%).

The relationship of the monthly total
Plecoptera collection and certain environmental
factors have been shoun in Tables 5.4 and 3.5 for
the entire experimental period., In the first year
the monthly average minimum and maximum temperature,
minimum relative humidity and the monthly total
rainfall showed significant positive relationship
at 0,01% level while maximum relative humidity did
not show any significant relationship at 0.01% and
0,05% levels, In the second year the monthly average
minimum temperature shouwed significant positive rela-
tionship at 0.01%, while maximum temperature and
maximum relative humidity showed significant positive
relationship at 0,05% level, minimum relative humidity
and the monthly total rainfall did not shouw any sig-

nificant relationship at 0.01% and 0.05% levels.

TRI CHOP TERA s

Trichoptera comprised of 38 numbers of
individuals and 0.41% of the total annual insect

collection of the first year and of 38 numbers of

)
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individual and 0,55% of the total annual insect
collection of the second year. The monthly catbh
fluctuation of the order for the entire experi-

mental period have been shoun in Tables-’f1; i;2

and Figures 5.1,-$:2 and 5.13.

The monthuise total collection of
the order and its percentage to the total annual
collection in the first year were as follous ¢
Novemher 3 (7.89%), December 0 (0.00%), January
0 (0.00%), February 0 (0,00%), March O (0.'00%),
April 2 (S5/26%), May 1 (2.53%), June 7 (18.142%),
July 4 (10,53%), August 6 (15.79%), September 4
(10.53%) and October 11 (28,95%). In the second
year the monthuise total collection and its per-
centage to the total annual collection of the
order were as follows : November 4 (10.53%),
December 0 (0.00%), January 0 (0.00%), February
0 (0,00%), March 0 (0,00%), fpril 4 (10,53%),
May 3 (7.89%), June 4 (10.53%), July 5 (13.15%),
Auqust 6 (15?79%), Septembar 7 (18.42%) and

October 5 (13.16%).

During the first year the relative
abundance was minimum in May 1 {2.63%) and maximum
in October 11 (28.95%) and there were four peaks of
catch in April 2 (5.26%), June 7 (18.42%), August 6

(15.79%), and October 11 (28.95%). During the second
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ysar the relative abundance was minimum in May
3 (7.89%) and maximum in September 7 (18.42%
and there were tuwo peaks of catch in ﬂpril 4

(10.53%) and September 7 (18.42%).

The relationship of the monthly
total Trichoptera collection and certain environ-
mental factors have been shown in Tables 5.4 and
255 for the entire experimental period. During the
first year the monthly average minimum and maximum
temperature, and - minimum relative humidity showed
significant positive relationship at 0,05% level
while maximum relative humidity and monthly totzl
rainfall did not show any sibnificant relationship
at 0.01% and 0,05% levels. During the second year
the monthly average minimum and maximum temperature
shouwed sigificant positive relationshin at 0.01%
lavel while minimum and maximum relative humidity
and the monthly total rainfall did not show any

significant relationship at 0,01% and 0.05% levels.

1SOPTERA ¢

Isoptera comprised of 16 numbers of
individuals and 0.17% of the total annual insect
collection of the first year and of 33 numbers of
individuals and 0.48% of the totz2l annuz2l insect

collection of the second year. The monthly catch
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fluctuation of the order for the entire experimental
period have begen shown in Tables 5,1 and 5.2 and

Figures 5,1, 5.2 and 51%.

The monthuise total collection of the
order and its percentage to the total annual collec~
tion of it in the first year were as follows :
Movember O (0.00%), December O (0.'00%), January O
(0.00%), February 3 (18.18%), March O (0.00%), April
0 (0.003%), May 3 (138.18%), June O (0.007), July 4
(25.00%), August 6 (37.50%), September 0 (0,00%)
and October 0 (0,00%). In the second year the month-
wise total collection and its percentage to the total
annual collection uere as follows : November 0 (0.007),
December O (0,00%), 3January 0 (0,00%), February 6
(18.18%), March 0 (0.00%), April 0 (0,00%), May 7
(21.21%), June 0 (0.,00%), July 9 (27.27%), August 11

(33.33%), September 0 (0.00%) and October 0 (0.00%).

The relative abundance of Isootera
was minimum in February and May with 3 (18.75%) in
each month and maximum in August with 6 (37.50%)
during the first ysar. During the second year the
relative abundance was minimum in February with 6

(18.18%) and maximum in August with 11 (32.33%).

The relationship of the monthly total
Isoptera collection and certain envirenmental factors

have besn shown in Tables 5.4 and 5.5 for the entire
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experimental period. During the first year the
monthly average minimum and maximum temperature,
minimum and maximum relative humidity and monthly
total rainfall did not show any significant rela-
tionship at 0,01% and 0.05% levels, During the sec-
ond year the monthly average minimum and maximum
temperature, minimum relative humidity 2nd monthly
total rainfall did not show any significant rela-
tionship at 0.01% and 0,05% levels while maximum
relative humidity showed significant positive relz-

tionship at 0.0.05% level.

DERMAPTERA ¢

This order comprised of 44 numbers of
individusls and 0,47% of the total annual insect
collection of the first year and of 33 numbers of
individuals and 0,48% of the total annual insect
collection of the second year. The monthly fluc-
tuation of the order have been shown in Tabhles
5.1, 5.2 and Figures 5.1, 5,2 and 513 for the entire

experimental period.

The monthuise total collection of the
order and its percentage to the total annual
collsction of it during the first year uere as
follous : November 0O (0.00%), December O (0.00%),

January 0 (0.00%), February 0 (0,00%), March O
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(0.00%), April 4 (9.09%), May 13 (29.55%), June

3 (6.82%), July 2 (4.55%), August 3 (6.82%), Sep-
tember 4 (9,00%) and October 15 (34,09%). During
the second year the monthuise total collection

and its percentage to the total annual collection
were as follows : November O (0.00%), December O
(0.00%), January O (0,00%), Fehruary O (0.00%),
March 0 (0.00%), April 4 (12.,12%), May 6 (18.18%),
June 5 (15.15%), July 3 (9.09%), August 4 (12,12%),

September S5 (15.,15%) and October 6 (13.18%),

The relative abundance of Dermaptera
was minimum in July with 2 (4.55%) and maximum in
October with 15 (34,09%) and there uere tuo peaks
of catch in May 13 (29.55%) and Octaber 15 (34J09%)
during the first ysar. During the second year the
relative abundance was minimum in July with 3(9.09%)
and maximum in May and October with 6 (18.18%) in
each month and there were two peaks of catch in May

6 (18.18%) and October 6 (18.18%).

The relationship of the monthly total
Dermaptera collection and certain environmental factors
for the entire experimental period have bheen shown in
Tables 4.4 and Zj?. During the first year the monthly
average minimum and maximum temperature, minimum and
maximum relative humidity and the monthly total rain-
fall did not show any significant relationship at

0.01% and 0.05% levels. During the second ysar the
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average minimum and maximum temperature and minimum
relative humidity showed significant positive rela-
tionship at 0.01% level, maximum relative humidity
showed significant positive relationship at 0,05%
level while the monthly total rainfall did not show
any significant relationship at 0,01% and 0,05%

levels,

During the entire experimental period
only one family, namely, Forficulidae, represented

the order,

ODONATA

This order comprised ef 2 numbers of
individuals and 0,02% of the total annual insect
collection of the first year and of 1 number of
individual and 0.01% of the total annual inssct
collection of the second yaar; The monthly flug-
tuation of the order for the entire experimental
period have been shoun in Tables 5.1, §:2 and

Figures 5.1, 5.2 and 513.

During the first year the order uas
collected in July 1 (50.00%) and August 1 (50.00%)
and were absent for the rest of the months: During
the second year it was collected in August 1(100,00%)

and were absent for the rest of the months:

The relationship of the monthly total

collechion of Odonata and certain environmental
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factors have been shown in Tables 3;4 and ?15

for the entire experimental period; During the
first year the monthly average minimum and maximum
temperature and maximum relstive humidity did

not shouw any sicnificant positive relationship

at 0,01% and 0,05% levels while the minimum rela-
tive humidity and the monthly total rainfall
showed significant positive relationship at DSDS%
level. During the second year the monthly average
minimum and maximum temperature, minimum and maxi-
mum relative humidity and the monthly total rain=-
fall did not show any significant relationship at

0.01% and 0,05% levels,



Figure 5./43 Adults of Cyclosia panthona Cram. reared

in Laboratory.
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5.3 ¢ BIOLOGY OF MAJOR INSECT PESTS @

5.31 ¢ Cyclosia panthona Cram.

5,311 ¢ Morphology :

Male == The adult male insect is
about 11,80 mm (range 10.00 - 12,50 mm) in length with
wing-span of about 32,80 mm (range 31.00 = 35,00 mm).
It is brouwnish black in colour with dark metallic
blue timge., The abdomen has some white shades on the
ventral surface. The fore-uing is with seven and the
hind-wing is with four white spots on the distal
horders visible on both the surfaces. The antenna is

bipectinate and measures about 6 mm in length.

Fermale -~ The adult female is about
13.30 mm (range 12.00 ~ 14,00 mm) in length with wing-
span of about 44.40 mm (range 42,00 - 46,00 mm). It
is brownish black in colour. The fore-wing is with
ten and the hind=-wing is with seven uhite spots on
the distal borders visible on both the surfaces. The
bipectinate antenna measures about 7 mm in length

(Figure 514),

5.312 ¢ Developmental Stages ¢

The female moth lays eggs in clusters
of 161 (range 122 - 25%) eggs on the lower surface of

the host tree leaf. The hatched out larvae feed on



Figure 5.153 Cyclosia panthona Cram, larvae feeding on the
leaves of Aporosa roxburghii.

iy
4th Instar
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the younger leaves and pass through six instars
(FigureAﬂS)ﬁ The 6th instar larvae pupate on fallen
leaves or in crevices on the ground: The size of
various developmental stages have been shoun in
TableFB and Figures19 and théir duration in Table

410and Figure 5-29.

(A) Eggs :

The eggs are light yellouw in colour
and oval in shape with smooth Chorion: The average
length of the egg is 0:78 mm. They turn dark grey

before hatching,

(B) Larval Instars :
1st Larval Instar :

Freshly hatched out larvae are licht
yellow in colour with dark samber coloured head-
capsule. It measures about 2.20 mm (range 2.10 -
2,30 mm) in length. The head-capsule is partially
covered over with a shield-like extension of the
prothoracic segmemm; 4 few 1light coloured short
bristles are seen arising out from the warts on
the dorsal surface of the body. The mean head-
capsule width is 0,465 mm (range 0.45 - 0,50 mm)
(Figuresis ).



Table 5.9 ¢

Dimentions of egg,

larval instars and head-capsule

(n = 20)

o 3 LIRS I Y q
of larval instars of n&maommm panthonal,

" t 3

EREPR R

Length (mm)

Width of Head-capsule (mm)

Developmental Stages Mean Range ‘w.m.o{ ‘Bmm:« oy “mm.:_o_m* s v g0 ,_m.__u.. YT
Egg 0.78 0,76 = 0,79 +0.02 -— —— —
Instar I 2,20 2.10 - 2,30 0,09 0.46  0.45 = 0.50 +40.02
Instar II 3,10 3,00 - 3,20 +0.01 0.54  0.54 = 0.55 40.08
Instar ITI 4,60 4,50 - 5,00 +0.17 0.86  0.85 - 0.88 40001
Instar 1V 9.60 9,50 -10,00 +0.36 1221 1,20 - 1224 40.01
Instar V 11,70 11.50 =12.00 40.26 157 1,50 - 1.60 do.0s
Instar IV (Male) 14.85 14,50 =15.00 40,23 217 2,10 - 2.20 do.os
Instar IV (Femals) 20,90 20,50 -21,00 40.19 2.00 1.90 - 2,00 40,04

3

i




Table 5.0t Time taken in different developmental stages of the three generations of n&m&mmmm

panthona Cram. in Balphakram Forest.

_ [N A } | A R T I AN B |

Developmental stages in Days m»wmlmum: in Days
Generations Egq I 11 I11 v . v VI, P.,Pupa Pupa Adult N R T T T
Rainy Generation
(May = July) 11,7 6.8 5.7 «¢31 6.2 7.2 9.3 1.2 20,0 7.7 79.9(77 - 85)
Autumn Generation
(August-October) 12.1 7.7 5.7 4.6 6.6 7.6 9.5 1.3 21.8 8.4 85.3(82 - 88)
Winter Generation
(November-April) 15.8 13.6 11,5 9.6 8.7 M 17.3 21.0 1.8 122.1 6.6 Nmm..oﬂmmw..m,u%i, -
¢ 2 TN Y val P HIREIR A vl ‘R AR
I = Instar I V = Instar V P. Pupa = Pre-pupa
II = Instar 1I VI = Instar VI

II1 = Instar I11

IV Instar 1V
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2nd Larval Instar

This instar is pale greenish
in colour with red tinge on the two anterior and
the two posterior segments. ft measures about 3?1Dmm
(range 3.00 - 3,20 mm) in length? A ring of six
reddish warts surrounding a central uhite spot is
seen dorsally on each segment except the posterior
most two segments which have four warts on each.
Light yellowish white hairy bristles are present on
each wart. The mean head-capsule width is 0354 mm

(range 0.53 - 0.55 mm) (Figuresié).

3rd Larval Instar ;

Larger in size but the morphology
and colour pattern of this instar is similar to that
of the 2nd iﬁstar. It measures about 4,60 mm (range
4,50 < 5,00 mm) in length. The mean head-capsule

width is 0.87 mm (range 0,85 - 0,88 mm) (Figuresie),

4th Larval instar';

Still larger in size but the
morpholoqgy and colour pattern of this instar also
is similar to the earlier instars., It measures
about 9.60 mm {range 9.50 - 10,00 mm) in length?
The mean head-capsule width is about 1,22 mm

(range 1.20 - 1,24 mm) (Figuresi7),
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Sth Larval instar H

This instar is larger in size
without any noticeable change in appearance and
colour pattern than the earlier instars.It measures
about 11,70 mm (range 11,50 = 12.00 mm) in length.
The mean head~capsule uwidth is about 1.57 mm (range

1.50 = 1.60 mm) (Figure 517).

6th Larval fnstar f

This instar attains maximum size
without any change in appearance and colour pattern:
The larva to give rise to male moth is smaller and
measures about 14,85 mm (range 14.50 - 15,00 mm) and
the larva to give rise to female moth is larger and
measures about 20,90 mm (range 20,50 = 21,00 mm) in
length. The mean head=capsule width is 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 (Figure aw).

(C) Pupal Inatar :

The 6th larval instar on attaining
full size spins a reddish paper-like cocoon around
itself and enters pre-pupal stageﬂ The pre=pupa moults
inside the cocoon into pupa. The mean length of the

male pupa is about 10.90 mm (range 10,80 - 11.°00 mm )


http://instars.lt
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and that of the female pupa is about 12?90 mm
(range 12.50 - 13,00 mm), At the beginning the
pupa is ysellow in colour which turns later on
into brouwnish black before the emergence of the

moth (Figure 5.18).

5,313 s Population Dypamics

v }.“411 R .
Cyclesia panthona Cram, is

trivoltine and completes three gensrations in the

Balphakram National Wild-life Sanctuary

(a) Rainy Season (May - July) Generation :

fn this generation the moths 1lay
eggs in May, the larval stages occur from May to
July, pupation occurs at the end of July and the
neuy moths emerge in July - August. The life cycle

is completed in 77 to 85 days.

(b) Autumn Season (fAugust - October) Generation :

In this generation the moths lay
eggs in Auqust, the larval stages occur from August
to October, pupation occurs at the end of October -
and the neu moths emerqge in October - November. The

life cycle is completed in 82 to 88 days.

(c) Winter Season (MNovember - April) Generation ¢

In this generation the moths lay

ecqgs in November, the larval stages occur from



November to January, pupatéon occurs at the end
of January and undergo diepausé? Diapause {is

broken in early May and adult emerqes outf

53314 ¢+ Life Table ¢

Partial 1life tables of the

three generations of CYclosild ganthond Cram. have

been prepared on the format of Morris and Miller
(1954) fPollowed by Mason and Thompson (1971) with
the help of density estimates of the egas and
different stages of the larvae and mortality factors
operating in the system (Tables $ﬁ1{ $d2 and sid3)7

s it vas not possible teo analyse the density/of

each larval instar separately the larvaee were grouped

in tuwo categories, namely, smaller larvae (1st, 2nd

122

and 3rd instare) and larger lervae (4th, 5th and 6th}.

instars): Pupal and adult steges have not been taken

inte considerations

In the Rainy Season Generation
the mean number of eggs was 161.3 (range 122-251),
smaller larvae 12427 (range 97 - 174) and larger
larvae 543 (range 35 = 64)4 In the Autumn Season
Generation the mean number of eggs was 175.9 (range
122 - 234), smaller larvse 14478 (range 118 = 193)
and larger larvae 88?8 (range 53 = 105)? in the



Table 5.1 ¢ Partial Life-table of the Rainy Generation of 5jcﬂ&éf§

gaﬂthdﬁé Cram, during 1981 in the Balphakram Sanctuarfr

! : D o . L A A N A I SR A 30 BN I

Months  Age Number  Factors Number dx as
Interval Alive at Responsible Dying - Percentage
(x) start of for dx during of 1x
X (1x) (dx F) oo CdxY 0 o (100 gx): e

May Eggs 16143 Infertility 2.5 1.5
Rainfall 4,3 2.6
Wind 2146 1373

A Unknoun N . 8.2 ' | 5'.:0 c
Sub Total 36.6 22.4
June Small  124.7 Rainfall 20,7 1645
Larvas Wind 32,2 * 25,8
5 Parasits 5.1 4.0

Unknoun 124 SRR 5 RN
Sub Total “70.4 562
July Large 5443 Rainfall 6.6 1231
Larvae Wind 8.9 1623
Parasite 7.5 13;8
Disease 20,2 3742

i Unknoun . i B i VA6
Sub Total 49,5 91,0

Summary of Mortality ¢

Infertility 2.5 1.5
Rainfall 31.6 1945
Wind 62.7 38.8
Parasite 126 7.8
Disease 20.2 12,5
Unknoun . 2649 . . 1646

TOtal 15605 96 0'7



Table 5.2 ¢ Partial Life-table of the Autumn Generation of éjéﬂ&gﬂg
- panthona Cram, during 1981 in the Balphakram Sanctuary.,

-

Months Age Number Factors Number dx as
Interval Alive at Responsible Dying Percentage
(X) start of for dx during of 1x
X (1x) (dx F) (dx) (100 gx): |
Eggs - 175.9 Infertility 3 147
Rainfall 242 1.2
Auqust Unknoun |y 12548, N4a6i
Sub Total 3131 17.5
Small 144.8 Parasite 7.5 5.1
Larvase Disease 2544 17.5
September Unknoun , i} 23611 ¢ 1569 7 1
Sub Total 56,0 38.'s
Large 88.8 Parasite 8.2 9.2
Larvae Predator 146 1.8
October Diseasea 2647 30.0
Unknown « . 10.8 1261 4
sub Total 47.3 53,1

Summary of Mortality ¢

Infertility 3.1 1.7
Rainfall 2.2 1.2
Parasite 157 8.9
Predator 1.6 1.8
Disease 5241 29,6
Unknown, ; - ;1 ;5&]7 } 333?93‘

Total 13404 77,4



Table 5.3 ¢ Partial Life-table of the Winter Generation of Cyclgsis
panthona Cram, during 1981 and 1982 in the Balphakram

Sanctuary.
Months Age Number Factors Number dx as
Interval Alive at Responsible Dying Percentage
(Xx) start of for dx during of 1x
X (1x)  (dx F) (dx). - (100 ax) -
Eggs 347 .1 Infertility 2.9 0.8
November i Unkaowni (i 70403 1 5.8
Sub Total 20,3 5.8
Small 326,.8 Parasite 3.2 0.9
Larvae Predator 1.9 0.5
Disease 14,6 4,4
Dispersal 887 271
December Unknoum i} . 2544 ) TS
Sub Total 133.8 406
Large  193.0 Parasite 15,5 8.0
Larvae Predator 4,3 2.2
Disease 52.8 273
Dispersal. 70,6  36.5
January o Unknown s 200 g 1044 -
‘Sub Total - 163.3 844

Summary of Mortality

Infertility 2.9 0.8
PArasite 18.7 5.3
Predator 642 1.7
Disease 674 19.4
Dispersal 159,73 4558

. Unknowni ;: 7 | 6248 . 1 118

Total 317, 4 91,1
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~ Winter Season éeneration the mean number of the
eqas was 34774 (range 245 = 605): smaller larvae
3269 (range 216 - 435) and larger larvae 19340
(range 138 - 289)7

%he larvae shouw a gregarious
habit throughout their 1ife-span; Frem 1st to 3rd
instar the larvae feed on the lower surface of

the leaves of the host tres, Aporaes EHoxburgRIL &

From 4th instar onuards the larvee consume the
vhole leaf. iﬁough sluggieh in nature they slouly
move out in search of food to the other leaves.
They also hang down through their silken salivary
thread and sometime craul doun through the trunk

te the other trees. It wae noted during the first
tuo generations of rainy and autumn seasons due

to continuous sprouting ef fresh leaves of the host
trees and lou density of the larvae on each tuig
they live even upteo 6th instar on the same tuiﬁ%
There was no remarkable diepersal of the larvae for
food in these generationsf However, uith age and
grouth in size the mean density of the rain; season
generation larvae decline frem 12&%7 per tuig to
5473 per tuig and of the autumn season generation
larvae decline from 144%8 per tuig to Bd@e per tuig
and of the winter seasen gsneratien larvae decline

frem 32678 per tuig to 193.0 per tuig.
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Survivorship Curves == fbe survivorship
curves of the developmental stages of the three

generations of CGyclosid panthdna Cram.) have been

shoun in Figure 5.21 ,Survivorship curves show the
survival of different 1life stages within the
generatien uhich is depicted by plotting the number
of the living stages over timé: The degree of slope
in the graph shows the mortality rate of different

ey

developmental stages in the natural system.

The survival percentage of different

stages of Cydlgsial p'adthond Cram. in three different

gensratione were as follous ¢

Goneration £q§  Small LarVla Usrde Larve Pirepipa14sdads

Rainy 7736% 43.8% 9.'0% 3.'3%
Autumn  82.5%  61.5% 46.9% 22.9%
Winter 94,2% 597 4% 15.6% g0

Major causes of mortality of the develop-
mental stages in the three generations can be analysed
as follous ¢ Rainy Seasen Generation - rainfall 19f5%:
wind 38:8%, parasite 7.8%, disease 12.5% and uncount-
able reasons 16}6%; Autumn Season Generation - parasite
8.9%, disease 29,6% and unaccountable reasons 18,1%;
Winet Season Generation - parasite 5?3%; disease 19?4%,
dispersal 45.8% and unaccountable reasens 1@?1%§"%hus,

during rainy season, rain and wind; during autumn



Figurs s5.22.7 ¢ Percentage of infection and total
defoliation of Aporosa roxburghiil
by Cyclosfal parithddd Cram.,' during
November, 1979 tao January, 1982/
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se@ason, disease and unknown factors and during
winter season, disease and dispersal cause much

loss of the developmental stages in the forest,

5,315 ¢ Host Tree and Infestation

The larvae of Cyclosia panthond Cram.

appear regularly on the tree, Aporosa roxburghif' (L)

Wall in three seasons, namely, rainy, autumn and
winter in a ysar in the Balphakram National Wild=life
Sanctuary. It is only the larval stages which infest
the host tree feeding on the leaves. No other stage
is found to infest the host tree. Alternate host

plant could not be recorded.’

Monthuise percentage of infestation
and total defoliation of the host trees by the

larvag has been shoun in Figure 522,

From November, 1979 to January, 1982,
monthuise percentage of trees infested by the larvae
were as follouws : November '79 (45%), December '79
(70%), January's0 (52%), February '80 (0%), Marczh
'80 (0%), April '80 (0%), May '80 (15%), June '80
(19%), July '80 (11%), August '80 (12%), September
'80 (18%), October '80 (29%), November '80 (41%),
December '80 (86%), January '81 (31%), February '81
(0%), March '81 (0%), April '81 (0%), May '81 (14%),
June '81 (22%), July '81 (15%), Auqust '81 (6%),



Figure 5.23 3

Aporosa roxburqhii tree totally defoliated

by the larvae of Lyclosia panthona.
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September '81 (21%), October '81 (34%), NOVember
181 (60%), December '81 (87%) and January '82 (31%)7

During this period monthuise
percentage of the totally defoliated trees were as
follows : November '79 (2€), December '79 (48%),
January 17180 (78%), November '80 (6%), December
'80 (52%), January '81 (82%), November '81 (12%),
December '81 (61%) and Sanuary 182 (gs%fj

Defoliation affected the general
health of the trees: in cases of total defoliation the

grouth of the trees retarded and in some cases the shoots

were found daadf(Figure,5F23).

5.32 ¢ Diaphania la'ticdostaltis Guene

5;321 ¢ Morpholoqy ¢

Male =- It is a medium sized moth
with milky white body colourationf The wing-span is
about 36.00 mm (range 35,60 = 36750 mm). The costal
margin of the fore-wing is dark broun: Both the pairs
of wings distally bordered with two thin parallel
lines, the proximal one is “vubrown while the distal
one is gray in colour? The antennae are filliform

and measure about 13%00 mm in length: The proboscis



~Figure 5,24 3 Adults of Disphania laticostalis Guene
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is long. The eyes are dark samber coloure&ﬁ Ehe legs

are slender and with tibial spurs. (Fesure 5.24),

Female == The female is similar to
that of the male in exterhal appearance?‘it is 1little
larger in size with large zbdomen than that of the

male. The antsnnae measure about 14300 mm in length.
5,322 3 Developmental Stages ;

() Egas :

The eggs are dull white, round in
shaps and each measures about 1700 mm in length. The
eggs are laid in cluster of about 47 (range 42 - 74)
eqgs on the under -+ surface of the leaves of ths host

ot d

tree, Holarrhend dntidysentriicd (Lin.) Wall, They

have smooth chorion. Hatching takes place within about

18 days.
(B) Larval Instars :

1st tarval Inatar @

The hatched out larvae are pale white
with dark samber coloured head-Capsulé? It measures
about 1.8 mm (rangs 1.7 - 1.8 mm) and attains about
3.8 mm (rangs 3.5 - 4.0 mm) in length at the end of
the instar. There are a few short, white hairs arising

out from the warts of the body, legs and prolegs. The
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pale oval warts are distributed around each abdominal
segment, except the posterior most onéf fﬁere is a
transparent shield-like extension from the dorsal
surface of the pro-thorasic segment covering partially
the head-capsuls; The hsad~-capsule measures about

0747 mm {range 0.46 = 0,50 mm) in width by the end

of the instar, Duration in this instar is about 9
days (Figure525).

2nd Larval Instar ¢

Larvae in this instar are more or
less similar to the 1st instar. However, in this instar
there are appearance of warts on the thorasic segments
also, The pro=thorasic shield becomes light dark? ;ﬁe
maximum length attained in this instar is about 5?8 mm
(range 1J5.2 = 5.8 mm). Duration in this instar is about

7 days.

3rd Larval Instar @

In this instar the larvae turn
samber coloured and the warts become dark? The head-
capsule turns orange red. The legs and the prolegs
also become dark. The pro-thorasiec shisld becomes dark
orange with a small dark coloured uart: éach of the
meso and metathorax has seven warts laterally in two

groups of three and four. In the anterior most two

abdominal segments fourteen warts, in each, makes a






Figure 5.263 3rd Instar larvae of Diaphania laticostalis

on the leaves of host tree Holarrhena

antidysentrica.
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ring circling around the segmentf }he next four
abdominal segments have qot ten warts, each, dis-
tributed dorsolaterally. The next  7th and Bth
abdominal segments have fourteen warts in each, in

a ring circling the segments. The 9th segment has
nine warts in a ring. The 10th segment is with a

big dark spot dorsallyf There is one oval white spot
laterally on sach side from 1st to 7th abdominal
segment. From each spot arises out one small and
short white hair. There are some still short hairs
coming out from the head-capsule, prolegs and leg
segments. Maximum length attained in this instar is
about 9.70 mm (range 9.5 -~ 10.0 mm) . The mean head-
capsule width is about 0.87 mm (range 0.83 - 0.839 mm)
by the end of the instar. Duration in this instar is

about 8 dayé.GEEgggg,;giﬁéll

\:- . N

4th Larval Instar 3

This instar is similar to the 3rd
instar in external appearance.’ Et attains the maximum
length of about 12.7 mm (rangs 12.5 = 130 mm). The
mean head-capsule width is about 1722 mm (range 1520 <
124 mm) by the end of the instar, Duration in this

instar is about 10 days:

5th Larval instar H

This instar is similar to the 3rd
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and 4th instars in external appearance. The larva
that would become male moth attains maximum of
about 29.7 mm (range 290 - 30,0 mm) and the larva
that would become female moth attains maximum of
about 3132 mm (range 3135 - 32,0 mm) in length. The
maximum mean head-capsule width of the male larva
is about 1,75 mm (range 1.71 - 1.76 mm) and of the
female larva is about 1.87 mm (range 1.84 - 1.88mn)7

Duration in thks ingtar is about 8 days (FigureSQ?):

(C) Pupal Instar :

Pre-pupa ;

The full grown larva stops feeding , weave
a nat of its silken thread all around its body - inside
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 turns into a pupa:
The anterior part of the neuw pupa is orange yellouw which
turns dark samber within about 24 hrs? ihe pupal duration
is about 14 days. fhe adult moth emerqes out by cutting

a 'hole at the anterior part of the cocoon (Figure527)?
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5,323 : Population Dynamics &

The female moths prefer

fresh succulent leaves of the host tree, Hg¥arrhena

artidyséntricd (Lin.) Wall for oviposition. The first

evidence of larval attack is ascertained by the curling
leaf-roll on the host treeg Single leaf or more than
one leaf rolled together with white silken thread by
the lapvas to make a lsaf=roll for their shelter and
feeding:‘The‘early stage larvas feed on the upper sur=-
face of the host leaf. As the chlorophyll content is
over the larvae move outward in groups; make a new leaf-
roll and start Feedingf From the 4th instar onuards
the larvae feed on the whole leaf content leaving onlf
the parts of the mid-rib. From the &th instar onuards
the gregarious larvae regroup into smaller groups rin
different leavas of the same shoot or in different

shoots of the same tree.

Oilaphanid Iatidostalis Guens

is found at least in three overlapping gensrations in

a year in between mid August to early April. From August
onwvards the attack increases till it reaches a peak in
February after which it decreases slouly by épriI; EUpa:
tion takes place in the leaf-roll on the host treéf idults
emerge out in sarly Augqust. Adult moths are nocturnal

and are attracted to light-trap.’



Figure528 ¢ Cocoons of parasitic Apanteles sp. over

dead larva of Diaphania laticostalis.
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Cannibalism was observed among the
D. laticostalis larvae in the field as well as in
rearing. Mostly the weak, parasite infected and
dead larvas were saten by other healthy larvae.

Cannibalism was recorded from 4th instar onwards.

Some larvae in the field were found
to be infected by Aganﬁéféé sp. (Hymenoptera :
Braconidae), 2 larval stage parasite. The mature
parasite larvae come out from the host larvas
and spin wvhite cocoon around themselves over the

dead remain of the host larvae’(Figure528).

5¢324 ¢ Host Tree ¢

The host tree, Holarrhena antidysdntrica

(Lin.) Wall (Family : Apocynaceas) is a common

woody tree in Balphakram National Wild-life Sanctuary;
Leaves and shoots of the tree is used agalnst amosbic
dysentery by the local people. The wood is used for

construction of house and as fireeuood (FigureSQ?)?

This tres i{s important in the senss that
it reclothes waste land very fast and is ons of the
first to come up in Jhum fallows and the last to
disappear in the denunded areas, ft is also reported
to act as nurse to more valuable species such as Sal,

Shorea robusta seedlings in plantation foraestry.




Fig. 5.29 s Helarrhema antidysentrica tree.
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544 s+ MINOR INSECT PESTS ¢

5,41 : Delisd descombgsi

(Lepidoptera ¢ Pyralidae)

This is a medium sized butter-
fly commonly found during October to Eebruary in
Plight, Its larval stage feed on the leaves of Gréwia
mfc@ocoé~tiﬁf a medium sized woody tree common in the
Balphakram forast% iarvae are yellow in colour and
gregarious in nature. Pupation occurs in groups on
the host tree leaves or on soms other trse or shrub

leaves.

In Balphakram forest the local
people use the tree only for fire-wood and for other
household purposes. }he plant is said to be used for
indigestation, eczyma and itch, typhoid Fever? dysentqr;
and syphilic ulceration of the mouth (..Anonymous, 1956 )3

5742 ¢ MelarRittd {sidne

(Lepidoptera £ Satyridae)

ihis is a medium sized butterfly
found in shaddy places during NOVmeer to February?
it is commonly known as élce butterfly, ¥he larvae
feed on the leaves of the paddy in the shiefting cul-
tivation field during April to May.
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2 Jei fay : H MY IR B IR
5,43 3 Dicladiepa adrmigera

(Coleoptera : Chrysomelidae)

ft is commonly known as Rice
Hispa. Adults are foumd to attack rice and maize and
reduce production. Found in shiefting cultivation
field during March to Mayf

-3

5744 3 AuTacdopHodd Fodiiddirde

(Coleoptera ¢ Chrysomelidae)

This is orange red coloured beetle
found to attack vegetables of Cucurbitaceae family in
shicfting cultivation Pield during March to April. Tte

another host plant recorded is 6ledrodendron s&?

5,45 : Egiidchna spb

(Coleoptera : Coccinellidae)
This lady-bird beetle attacks
Brinjal and Cucurbitaceae vegetables in shi-fting
cultivation field as nymph£ as well as adult during
March to May.’ its another host plant recorded is

Milchanea sp., a weed in plantation forestry,

5.46 1 Mylabrild pHdildrdtd

(Coleoptera : Meloidae)

This blister beetle attacks the

thatching grass as young as well as adult during May
to July.
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TG VIR, R Iy det o i) deid
5,47 : Chrysochroa chinensis

(Coleoptera : Buprestidae)
Metallic green coloured
Coleoptera found to make tunnels in the fallen wood
in the forest during aJne to August?

3

5348 : Ovytd Vdldw

(Orthoptera : Acrididae)

}his insect is found throughout
the year in the forest on different traes and plants
Young and adult attack the rice field in shiz=fting
cultivation during March to May}

: PR IR IR NS It = Iy B IR PO
5749 ¢ Uapfocorixa varidornis

(Hemiptera ¢ Coreidas)

}his insect ias found to attack
rice field as young as uwell as adult in shi=fting
cultivation during dpril to MaY? dlternate host plaﬁts

S TE NI TE 2 LR R ERE LN P
recorded were Milcharea spe and BfpEdrddatodd sp.
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595 s RELATIVE TOXICITY

5§51 : Relative foxicity Test on Gycidesd gdnthdns s

57511 : Relative Toxicity Test uith Specific Insecticide &

NUVacron 40 éC £

fn this insecticidal treatment in

dySlgsis

0.0025% concentration larval mortality of |
panthHond was D% at 1, 3 and 6 hrs, 2% at 12 hrs,

24% at 24 and 48 hrs. In 0,005% concentration mortalitf
was 0% at 1, 3 and 6 hrs, 10% at 12 hrs, 28% at 24

and 48 hrs. In 0501% concentration mortality was 0%

at 1, 3 and 6 hrs, 12% at 12 hrs, 38% at 24 hrs and

40% at 48 hrs. In 0702% concentration mortality uwas

0% at 1, 3 and 6 hrs, 26% at 12 hrs, 54% at 24 and

48 hrs. In 8.04% concentration mortality was 0% at

1, 3 and 6 hrs, 22% at 12 hrs, 60% at 24 hrs and 66%

at 48 hrs (fableﬁm and Figure %8@?

)

There was no mortality in the controls

Cythion S0EC

In this insecticidal treatment at
0.0025% concentration larval mortality was 0% at
1 and 3 hrs, 10% at 6 hrs, 14% at 12 hrs, 34% at
24 and 48 hrss In 050054 concentration mortality
wvas 0% at 1 and 3 hrs, 18% at 6 hrs, 28% at 12 hrs?



Table 5.4¢ Mortality percentage of Qxcldsfé éanfhddé Cram. larvas
treated uith Dry=-film of Nuvacron 40EC, Cythion SOEC,
Ekalaux 25EC and Thiodan 35EC,

Concentration Nuvacron 40EC

pPercentage 1hr 3hrs 6hrs 12hrs 24hrs 48hrs
0.,0025 0 0 2 24 24
0,005 0 0 0 10 28 28
0.01 o 0 0 12 38 40
0.02 0 o 0 26 54 58
0,04 0 0 0 22 66 66
Control 0 0 0 0 0 0

Cythion SOEC

0,0025 0 0 10 14 34 34
0.005 0 0 18 28 48 48
0.01 0 6 22 36 52 54
0.02 0 6 30 56 80 80
0,04 0 12 36 68 80 84
Control 0 0 0 0 0 0
Exalaux 25EC
0.,0025 0 6 10 40 48 48
0,005 0 16 52 78 90 90
0.01 0 24 74 90 96 96
0.02 0 26 84 100 100 100
0,04 8] 18 90 100 ~ 100 100
Control 0 0 0 0 0 0
Thiodan 35EC
0.,0025 0 8 16 50 54 58
0,005 0 56 88 88 92 92
0,01 0 52 76 100 100 100
0.02 0 56 82 100 100 100
0.04 0 68 94 100 100 100
Control 0 0 0 0 0 0



Figure 530¢ Mortality percentage of Cycldsts parifhignd Cram.

larvae with Nuvacron 40EC treatment.
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Figures3ls Mortality percentage of Cyclosia panthona Cram.

larvae with Cythion S50EC treatment.



Figure 532 ¢ Mortality percentage of Cyc¥osis pdrthons Cram.

larvae with Ekalaux 25EC treatment,
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Figure 5:33¢ flortality percentage of Cycldsfd pddtHéra Cramy

larvae with Thiodan 35EC treatmenty
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48% at 24 and 48 hrs. In 0.01% concentration
mortality was 0% at 1 hr, 6% at 3 hrs, 22% at

6 hrs, 36% at 12 hrs, 52% at 24 hre and 54% at

48 hrsy In 0.02% concentration mortality was 0%

at 1 hr, 6% at 3 hrs, 30% at 6 hrs, 56% at 12 hrs,
80% at 24 and 48 hrs, In 0704% concentration
mortality was 0% at 1 hr? 124 at 3 hrs, 36% at

6 hrs, 68% at 12 hrs, 80% at 24 hrs and 84% at

48 hrs (Tablesidand Figures.31),

There was no mortality in the control?

Ekalaux 25éC £

In this insecticidal treatment at
040025% concentration larval mortality was 0% at 1 hrf
6% at 3 hre, 10% at 6 hrs, 40% at 12 hrs, 48% at 24
and 48 hrs. In 0J005% concentration mortality was 0%
at 1 hr, 16% at 3 hrs, 52% at 6 hrs, 78% at 12 hre}
90% at 24 and 48 hrs, In 0:01% concentration mortality
was 0% at 1 hr, 24% at 3 hrs, 74% at 6 hrs, 90% at
12 hre, 96% at 24 and 48 hrs, In 0.02% concentration
mortality was 0% at 1 hr, 26% at 3 hrs, 84% at 6 hrs,
100% at 12, 24 and 48 hrs. In 0.04% concentration
mortality was 0% at 1 hr, 18% at 3 hrs, 90% at 6 hrs,
100% at 12, 24 and 48 hrs. (Tableswand Flgure-532).

There was no mortality in the controf?
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Thiodan 35EC ¢

In this insecticidal treatment at
0.0025% concentration larval mortality was 0% at
1 hr, 8% at 3 hrs, 16% at 6 hrs, 50% at 12 hrs, 54%
at 24 hrs and 58% at 48 hrs.' In 0.085% concentration
mortality was 0% at 1 hr, 56% at 3 hrs, 88% at 6 hrs_
and 12 hrs, 92% at 24 and 48 hre. In 0501% concentra<
tion mortality was 0% at 1 hr, 52% at 3 hrs, 76% at
6 hrs, 100% at 12, 24 and 48 hrs? In 0202% concentra=
tion mortality was 0% at 1 hr, 56% at 3 hrs, 82% at
6 hrs, 100% at 12, 24 and 48 hrs. In 0.04% concentra
tion mortality was 0% at 1 hr, 68% at 3 hrs, 94% at
6 hrs, 100% at 12, 24 and 48 hrs (Table4/4and Fioure 433)%

There was no mortality in the con%rof?

55512 : Relative Toxicity Analysis 8

Relative toxicity of the four insecti-
cides in five different concentrations and in six
different time intervals have been shoun in ?1gures

534 and '535.

Nuvacron 40EC did not cause mortality
in 0-0025%, 05005%, 0301%, 0302% and 0.04% concentra-
tions at 1, 3 and 6 hrs of time intervals: In 0.0025%
concentration first mortality (2%) was at 12 hrs and
maximum mortality (24%) was recorded at 24 hrs. In 0?005%
concentration first mortality (10%) was at 12 hrs and



Figure " 5,34 ¢ Relative mortality percentage of "2‘6’1?&'51115‘
panthona Cram, larvae with Thiodan %5 EC,
Ekalaux 25EC, Cythion SOEC and Nuvacfon
40EC,
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Figure ~ 5+35 ¢ Relative mortality percentags of Cy&Yogii
panthond Cram. with Thiodan 35EC, Ekalaux 25EC,
Cythion S0EC and Nuvacron 40EC,
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maximum mortality (28%) was recorded at 24 hrs. In
0.01% concentration first mortality (12%) wee at

12 hrs which progressively increased and maximum
mortality (40%) was recorded at 48 hrs? In 0?02%
concentration first mortality (26%) was at 12 hrs
which progressively increased and maximum mortality
(58%) was recorded at 48 hrs. In 0,04% concentration
first mortality (22%) wae at 12 hrs and maximum
mortality (66%) was recordsd at 24 hrs:

Cythion SOEC did not cause mortality
in all the concentrations at 1 hr and in 0-0025% and
07005% concentrations at 3 hrs. In 0.'0025% concentra=
tion first mortality (10%) was at 6 hrs and maximum
mortality (34%) was recorded at 24 hrs. In 03005%
concentration first mortality (18%) was at 6 hrs and
maximum mortality (48%) was recorded at 24 hred In 0?01%
concentration first mortality (22%) was at 6 hrs uhich
progressively increased and maximum mortality (54%) uas
recorded at 48 hrs. In 0?02% concentration first mortality
(30%) was at 6 hrs and maximum mortality (80%) was at
48 hrss In 0.04% concentration first mortality (36%)
was at 6 hrs which increased progressively and maximum

mortality ~*(84%) was recordsd at 48 hred

Ekalaux 25EC did not cause mortality
in all the concentrations at 1 hr of time interval but
from 3 hrs onuards there was a progressive increase in

mortality in all the concentrations, In 530025% concen~
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tration first mortality (6%) was at 3 hrs which
increased progressively and maximum morfalitf.(de%y
was recorded éi 24 hré? En U%bﬂs% concentration
first mortality (16%) was at 3 hrs which increased
progressively and maximum moftality’(QO%) uwas
recorded at 24 hrs. in U%01% concentration first
mortality (24%) was at 3 hrs uhich increased pro-
gressively and maximum mortality (96%) was at

24 hrs, In 0,02% concentration first mortality
(26%) was at 3 hrs uhich increased progressively
and maximum mortality (100%) was recorded at 12 hrs's
In 0.04% concentration first mortality (18%) was
recorded at 3 hrs and maximum mortality 1100%)

55
was recorded at 12 hrse

?hiodan SSEC caused progressive
mortality from 3 hrs of time interval onuards in
all the concentrations: In 050025% concentration
first mortality (8%) was at 3 hrs and maximum mor-
tality (58%) uas recorded at 48 hrsi In 07005%
concentration first mortality (56%) was recorded
at 3 hrs uhich increassed upto maximum mortality
(92%) at 24 hrss fn-0§01% concentration first mor<
tality (52%) was at 3 hrs which increased upto
maximum mortality (100%) at 12 hrss In 0502% con~
centration first mortality (56%) was recorded at

3 hrs and maximum mortality (100%) was recorded at



Figures.3s ¢ Reqression Equations and Regression Lines of
Nuvacron 40EC, Cythion S50EC, Ekalaux 25EC and

Thiodan 3SEC treatments on CySlosid panthons Cram/

larvae,.
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12 hrs, In 0?04% concentration first mortality
(68%) was recorded at 3 hrs which increased
progressively and maximum mortality (100%) wuwas

recorded at 12 hrsf

An analysis of the relative
toxicity of the four insecticides confirms that
Nuvacron 4OEC vas the least toxic among all?
Cythion S0EC was recorded as more toxic than
Nuvacron 40EC, Ekalaux 25EC proved highly toxic
and more effective than Nuvacron AOEC and 6ythion
SOEC? Thiodan 35EC proved as the most toxic amaong
the four insecticides tested on the larvae of
Cyclosid parthidna. Regression équations and
Regression iines of the relative toxicity of

the four insecticides has been shoun in Eigure 287

Ascending order of the relative
toxicity of the four insecticides can be summarised
as follous £ Nuvacron ADEC; Cythion SOECj Ekalaux 2SEC
and Thiodan 35EC.
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5,52 3 Relative Toxicity Test on Oiaphants TA8{cdstalssd

5.521 ¢ Relative Toxicity Test with Specific Insecticide

Cythion SOEC:

In this insecticidal treatment there

was no mortality of OidpHania latidostdlfd 1larvae in

05'0025%, 07005% and 0001% concentrations at all the

time intervals. In 0.02% concentration mortality was

0% at 1,' 3, 6 and 12 hrs, 6% at 24 and 48 hrs, In 0-04%
concentration mortality was 0% at 1, 3, 6 and 12 hrs,’

8% at 24 hrs and 12% at 48 hrs Mortality percentage

in different concentrations and at different time inter-

[

vals have been shoun in %ablequand Figure ~ 5.37.

}here was no mortality inm the controlg

Thiodan 35EC ¢

In this insecticidal treatment in
050025% concentration larval mortality was 0% at 1,
In

i,

3, 6 and 12 hrs, 4% at 24 hrs and 6% at 48 hrs
0./005% concentration mortality was 0% at 1 and 3 hrs;
4% at 6 hrs, 20% at 12 hrs, 34% at 24 and 48 hrss In
0.01% concentration mortality was 0% at 1 and 3 hrs,
4% at 6 hrs, 26% at 12 hrs, 46% at 24 hrs and 50% at
48 hrs. In 0.02% concentration mortality was 0% at

1 and 3 hrs, 4% at 6 hrs, 30% at 12 hré, 36% at 24 hrs



Table 515t Mortality percentage of Diaphanid laticdstallils' Guene

Concantration
Percentage

0,0025
0,005
0.0%
0,02
0.04
Control

0.0025
0,005
0.01
0.02
0.04
Control

0.0025
0.005
0,01
0.02
0.04
Control

0.,0025
0.005
0.01
0,02
0.04
Control

0O 0O O oo o O o0 o oo T

o 00NN O O

12
14

3hrs

0

o .0 O o o

O N O O O O

10
16
24
20

o

24
32
32

Cythion S0EC

6hrs

0

o 0O 0 o o

12hrs

0

Thiodan 35EC

0

O 0o & o~

0
20
26
30
36

0

Nuvacron 40EC

6
24
28
44
46

0

6
36
46
62
60

0

Fkalaux 25EC

2
20
32
44
40

0

6
50
42
62
68

0

0O 0 0O o o

24hrs

0

o o O O

34
46
36
60

18
58
64
74
80

18
52
56
74
82

1apvae treated with Dry-fﬂlm of Cyﬁhion 50€EC, Thiodan
35EC, Nuvacron 40EC and Ekalaux 25EC.

48hrs

34
50
48
62

18
58
64
76
80

18
52
58
74
84
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Figures37 ¢ Mortality percentage of Diaphanild Yaticostalils

Guene larvae with Cythion SOEC treatmenty
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Figure538 : Mortality percentage of Oiaphanild féﬂlcosﬁ@ff@

Guene larvae with Thiodan 35EC treatment.
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Figure539 ¢ Mortality percentage of Diaphania Yaticostalis

Guene larvae with Nuvacron 40EC treatment]
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Figure 5.40% Mortality percentage of Diaphania ldticostalils

Guene larvae with Ekalaux 25EC treatment.
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and 48% at 48 hra. In 0J04% concentration mortality
was 0% at 1 hr, 2% at 3 hrs, 8% at 6 hrs, 36% at

12 hrs, 60% at 24 hrs and 62% at 48 hrs (Table !5
and Figure538).

There was no mortality in the control.

Nuvacron 40éc £

In this insecticidal treatment 1in
0./0025% céncentration mortality was 0% at 1 hr, 6%
at 3, 6 and 12 hrs, 18% at 24 and 48 hrsS In 0.005%
concentration mortality was 0% at 1 hr, 10% at 3 hrs;
24% at 6 hrs, 36% at 12 hrs, 58% at 24 and 48 hrs’
In 0.01% concentration mortality was 2% at 1 hr, 16%
at 3 hrs, 28% at 6 hrs, 46% at 12 hrs, 64% at 24 and
48 hrs. In 0.02% concentration mortality was 6% at
1 hr, 24% at 3 hrs, 44% at 6 hrs, 62% at 12 hrs, 74%
at 24 hrs and 76% at 48 hrss In 0-04% concentration

5

mortality was 6% at 1 hr, 20% at 3 hrs, 46% at 6 hrs;
60% at 12 hrs, 80% at 24 hrs and 48 hrs (TableSi5and

Figure 5:49).

There was no mortality in the controi?

Ekalaux 25EC &

fn this insecticidal treatmant in
0.0025% concentration mortality was 0% at 1 and 3 hrs,



Figure 5.4/ 3 Dry=film Experiment on Disphanfd
laticostalls larvae with Ekalaux 25EC.
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2% at 6 hrs, 6% at 12 hrs, 18% at 24 and 48 hra.
In 0./005% concentration mortality was 0% at 1 hr,
6% at 3 hrs, 20% at 6 hrs, 50% at 12 hrs, 52% at
24 and 48 hrs. In 0701% concentration mortality
was B% at 1 hr, 24% at 3 hrs, 32% at 6 hrs, 42%

at 12 hrs, 56% at 24 hrs and 58% at 48 hrs. In
0502% concentration mortality was 12% at 1 hr, 32%
at 3 hrs, 44% at 6 hrs, 62% at 12 hrs, 74% at 24
and 48 hrs) In d?oa% conpcentration mortality was
14% at 1 hr, 32% at 3 hrs, 40% at 6 hrs, 68% at

12 hra, 82% at 24 hrs and 84% at 48 hrs (Table 515

and Figureg;qof”’g,nd :5.4l.

53

There was no mortality in the control,

5.522 : Relative Toxicity Analysis ¢

The relative toxicity of the four
insecticides in five different concentrations and
in six different time intervals have been shoun in

Figure “5.42and ' 5.43

Cythion SOEC did not cause larval
mortality in 070025%, 07005% and 0‘:3.%01% concentrations
at all the time intervals, In 0502% concentration first
mortality (6%) was recorded at 24 hrs which did not



Figure 6,423 Relative mortality percentage of Oi'gphanid
Yaticostalls Guens larvae with Cythion SOEc,\?

Thiocdan 35EC, Nuvacron 40EC and Ekalaux 25EC,
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Figure "5.43: Relative mortality percentage of Dilaphani'd

laticostdlils Guene larvae with Cythion SOEC,

Thiodan 35EC, Nuvacron 40EC and Ekalaux 25EC
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increase in next time interval, In 0.'04% concentration
first mortality (8%) was at 24 hrs wvhich increased
progressively and maximum mortality (12%) was recor<

ded at 48 hrs?

Thiodan 35EC did not cause mortality
in 0%0025% concentration at 15 3, 6 and 12 hrs? whils
first mortality (4%) was at 24 hrs and maximum mortality
(6%) was recorded at 48 hrs@ fn 0%005% concentration
there was no mortality at 1 and 3 hrs wyhile first morT=
tality (4%) was at 6 hrs and maximum mortality (34%)
was recorded at 24 hrs.) In 0.01% concentration first
mortality (4%) was at 6 hrs which increased progressive-
ly and maximum mortality (50%) uas recorded at 48 hrs?
In 0702% concentration first mortality (4%) vas at 6 hrs
and maximum mortality (48%) was recorded at 48 hrs.In
0704% concentration first mortality (2%) was recorded
at 3 hrs uvhich increased progressively and maximum

mortality (62%) was recordad at 48 hrs.

Nuvacron 40EC caused Pirst mortality
(6%) at 3 hrs uhich increased progressively and maximum
mortality (18%) was recorded at 24 hrs in 0.0025%
concentration? In 0J005% concentration Pirst mortalit{
(10%) was recorded at 3 hrs after which there was a
progressive increase and maximum mortality (58%) was

at 24 hrs, In 0701% concentration first mortality (2%)



was recorded at 1 hr after which there was a
progressive increase in mortality and maximum
mortality (64%) was recorded at 24 hrs? In 0302%
concentration first mortality (6%) was racorded

at 1 hr wvhich increased progressively and maximum
mortality (76%) was at 48 hrs. In 0.04% concen-
tration first mortality (6%) was recorded at 1 hr
after which there was a progressive increase and

maximum mortality (80%) was at 24 hrsi

Ekalaux 25EC 4in 03J0025% concen-
tration caused Pirst mortality (2%) at 6 hrs after
which there was a progressive increase and maximum
mortality (18%) was recorded at 24 hrs. In 0;005%
concentration Pirst mortality (6%) was recorded at
3 hrs which increased progressively and maximum
mortality (52%) was recorded at 24 hre. In 00019
concentration first mortality (8%) was recorded at

1 hr after vhich there was a progressive increase

ITa]

and maximum mortality (58%) was recorded at 48 hrs’,
In 0702% concentration first mortality (12%) was at

1 hr after which there was a progressive increase

in mortality and maximum mortality (74%) was recorded

at 24 hrs, In 0504% concentration first mortality

(14%) was at 1 hr after which there was a progressive

increase and maximum mortality (84%) was recorded

at 48 hrs,
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Figure 544: Reqression Equations and Reéression Lines of
Nuvacron 40EC, Cythion S0EC, Thisdan 35EC
and Ekalaux 25EC treatments on Diaphanid

laticdstali's Guene larvae.




FIG 544

Y
4
301 NUVACRON 4Q0EC " CYTHION 50 EC
20( i
1ol i vz 47312%- 173
0 X 0

THIODAN 35EC EKALAUX 25 EC




An analysis of the relative toxicity
of the Pour insectigides confirms that Cythion S0EC

] 7.;“,"1
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was thes least toxic among all on 6£&ﬁ§&f§ fadidde€alis

larvae.’ fhiodan 35EC was recorded to be quite slou
in action but more toxic than Cythion 50EC.
Nuvacron 40EC was highly toxic and more effsctive
than Cythion SOEC and ?hiodan BSEC§ Ekalaux 2556
was recorded as the most toxic among all the testéd
1nsectiuide§? ﬁegrassion Equations and ﬁegression
Lines of the relative toxicity of the insecticides

has been shoun in Figure ~&.44.

Ascending order of the relative toxicity
of the four insecticides can be summarised as
follous : Cythion SOEC, Thiodan 35EC, Nuvacron 40EC
and Ekalaux 2séb?
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DISCUSSION

SURVEY AND COLLECTION OF INSECTS ¢

faunistic surveys provide a good
picture of the varisties of the insects present
in the forest, fﬁe present survey revealed the
occurrence of insects belonging to 14 different
orders out of which 134 numbers of spescies have

been identified.

The present list of the identified
insects might help forest ﬁntomologists for forest™v
management practices and may be of taxonomic value
of the insect fauna in the Northeastern Hills of
India.

LIGHT=-TRAP :

In the present investigation 13
different insect orders were collected by light-
trap. éarlier, ﬁeddy (1980) reported 14 orders
of insects in a similar light-trsp collection in a
forest system near Shillongj He included Arachnida

also as an insect order.

In the present investigation the

numbsr of the totzl insect collection in the first

year was much larger than that of the second year?



Similarly, the total number of insects collection
in each order in the first year was larger than
that of the second year except }richoptera; vhich
was more or less same in both the years? Plecoptera
and fsoptera which were more in numbers in the
second yearf Such annugl variation in the insect
numbers have been reported by Dsavy, Taylor and
Barrett, Jr. (1964), Bakke (1978) and Reddy (1980)2
Yates and Ebel (1975a) reported similar results
where certain groups of insects were totally absent
in the succeeding years? Ray=Chaudhury stated that
natality was one of the main causes of insect multi-
plication in any ecosystem: The fall in the catch
in the second year of investigation may therefore
be due to the elimination of the gravid females by

light=trap during the previous year?

The correlation co-sfficient
betusen the orderuise collection of insects: of
the tuo years wsre positively significant for most
of the insect orderss ?his shows relationship with

the collection for every order betwesn the tup

-

years! Howsver, no relationship could be found in

the cases of Coleoptera and 61ctyopteré§
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MONTHLY FLUCTUATION ¢

The monthly total insect
collection of the first year and the second year
exhibited a similar trend in collection (;ables
141 and 152), During both the years minimum catch
was in Sanuary and maximum catch was in 6ctobef§
fhere wvere two peaks of catch in SUIY and ﬁctober
in both the years: Such regularity may be due to
the undisturbed vegetation in the forest as wsll
as similar climatic factors during the two ysars
of study,’ as rainfall, temperatdre etch are vital
for increase or decrease of the insect numbers
(Cantelo g8 a1, 1973, Frith 1975). The temperature
correlation wuith the catch of [epidoptaraf brthop-
tera, Trichopteraj Plecopter&f Odonata during the
first year and of (epidoptardf Hymenop tera,’ Eolaoptera,
Dictyoptera, Trichoptera, Hymenoptera, Plecoptera,
Dermaptera during the second year strongly support

this vieuw.

HOURLY FLUCTUATION

?he quantitative analysis of
the hourly activity of the insects revealed that
most of the insects were caught during the first
half of the night which covers 84530% and the
second half covers only 15536% of the total insect
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catch of the entire study period? During december,
1979 and January, 1980 there were no catch in 3rd
quarter (23700 - 03700 hrs) and 4th quarter (03300
« 06200 hrs) and during February, 1980 there was
no catch fin 3rd quarter (23500 = 03700 hrs) only.
For the resti® of the months there were aluays

representative catches in every guarter (;able d?3f?

The analysis of the entire study
period shows that maximum catch was in the 2nd
quarter (4614%) Pollowed by the 1st quarter (38502%),
the 3rd quarter (10562%) and 4th quarter (4%73%)7
Similar type of findings have been repaorted by Hanna
(1963) and Reddy (1980) that the number of insects
decreases after the mid-nightf fn our study the
peak activity was found to be 2nd quarter (20%00-
23200 hrs) of the night. Graham, Glick and Mortin
(1964), Gentry and Davis (1973) also reported that
the pesak activity of insect groups was near or
slightly befors mid-night,’ Reddy (1980) recorded
highest catch in the first quarter(18500 - 21.00hrs)

of the night in a forest near Shillonéi éﬁ§§ early

insect activity around Shillong may be duazgompara-
tively cool climate than that of Balphakram forest.
In full contrast to the abovs, grsater catch after

mid-night have been raportaed by dlick and Hollingsuworth
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(1954) in the case of pink Bolliworm moth, Haddow
(1961) in the case of Diptera, Standfast (1965)
and Gladnery and Turner (1970) 1in the case of
mosquitoes. Apparently this contrast may be dus
to the site of study and environmental factors%

%his indicate also different time periods of

activity of different insect groups%

ORDERUISE ANALYSIS :
DIPTERA :

fhe catch number of diptera showed
more or less similar trend in both the anmual
cycless The relative abundance was quite low during
cold and dry season from ﬁOVember to May? Qith
the onset of rainy season the relative abundance
fncreased from July till October with maximum
catch in October (Figure 2)7 There are two peaks
in 5u1y and October in each yeaf? Such bimodal
pattern reflects that there are at least tuwo
phases of emergence of this order in a yeaf@
Similar findings were reported by 5amnback and
Mathews (1963)7 Kline and Axtell (1976) and Reddy
(1980)

The efPect of temperaturs, humidity
and rainfall on the total diptera catch had no



significant correlation at P< 0901, and P< 0905

leuels§ However, significance of rainfall on

Diptera collection was recorded by Williams (19615

and Reddy (1980)," Significance of minimum tem=
perature on Diptera was reported by Bradley and
Mc Neal (1935) and Porter and Gojmerac (1970),

0f the five families, Chironomidas
was the dominant family and comprised of 67324%
and 70J03% of the total anmnual Diptera catch of
the first ysar and the second year, respectivalfg
Thus, relative abundance of Diptera is largsely

reflecting the abundance of Chironomidae?

Chironomidae, Cecidomyiidae and
Tipulidas had two peaks of catch in July and
October in the annual cycle which confirm at
least two generations or two phases of emergence
of these insects in a year. Syrphidae and
Drosophilidae catches were very irreqular and

insufficient for any conclusion, (figure 3)5

Hourly analysis of Diptera catch

in the Pirst year shous that maximum catch (19.82%)

was during 18500 ~ 19,00 hrs and minimum catch
(0.56%) was during 04500 - 05300 hrs (Table 4.1)1
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In the second year maximum catch (22?62%) was
in 19500 - 20500 hre and minimum cateh (0.70%)
was in 0400 - 05.00 hre (Table 432).

LEPIDOPTERA

Monthwise catch fluctuations of
tepidoptera were similar in both the years but
the second year catch was much less than that of
the first year. This is probably due to the catch
of gravid females in the preceding year (Ray-
Chaudhury 1975, éeddy 1980). The catches were
rare during winter months and considerably high
during rainy months (Figure 4;? 0f the nine
families, only Geometridas, ﬁyralidae and Noctui-
dae were found in every month which comprised
of 91?06% of the entire study period Eepidoptera
collection. Zygaenidae, Cossidae), Syntomidae:
fponomentidaei Notodontidee and Sphingidae were
very rare and did not show any regularity in

occurrence,

}he monthly average minimum

temperature and minimum relative humidity showed
positive significance to the monthly total iepij

doptera catch in ths first yeafﬁ In the second

year the monthly average minimum and maximum



temperature shoued significant relationship
with the total annual Lepidoptera catch® Rain-
fall did not show any significant relationship
during both the years (Tables 3.1 and 3.2).

Hourly analysis shows that maximum
catch of 22901% ahd 19.76% in the first and the
second year, respectively, were recorded at
20700 - 21%00 hre) Minimum catch of 2526% at
0300 - 0400 hrs in the first year and of 0.70%
at 0400 - 05500 hrs in the second yaar was
recorded. (fables 491 and 472)7
HYMENOP TERA 3

Hymenoptera fluctuation showed
similar trend in both the years? fhey were rare
during uwinter (December - March), attained a
high number during rainy season (April - Sﬁly)
and decreased again during autumn (bctoberJ
November)Z? There wers three peaks of high catch
in May] July and October in both the years
suggest at least three generations or at least
three phases of emergence in the annual cyélgﬁ
0f the three families, namelyf Cynipidae; Vespidae
and Formicidae only the latter one was found 1in

gvery month in large numbers whose fluctuation

decides the fluctuation of Hymenoptera as a uholé?
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Temperature and humidity shouwed
significant positive relationship but rainfall
did not show any significance with the catch of
Hymenoptera in both the years (Tables 3.1 and
3:2). This finding is similar to the Findings of
Reddy (1980).

Hourly analysis shows that maximum
catch (16:75%) was at 20,00 - 21.00 hrs and
minimim cateh (3.26%) was at 04,00 ~ 05500 hrs
in the first year. In the second year maximum
catch (21.47%) was at 20,60 - 21,100 hrs and
minimum catch (1570%) was at 04400 - 05,00 hrs/

HEMIPTERR ¢

Hemiptera catch fluctuation shouws a
similar trend in both the yearss They were very
scanty during winter (December ~ March), fairly
common during rainy season (April - September)
and abundant during ARutumn (October - November)d
There were three pesaks of high catch in both ths
years which confirms three generations o¥ at least

three phases of emsrgencs in a year:

Different environmental factors did

not shou any significant positive relationship



with the monthly total Hemiptera catch. Findings
of Yates and Ebel (1975a, b) that rainy usather
did not have significant relation with certain
moths catches is similar to our finding that
rainfall did not have significance with the catch

of Hemiptera,’

0f the four families only Jassidae
had regular occurrence in the annual cycle while
Coreidas, Lygaeidas, Miridae and Pentatomidae
were not common in many of the months. Thus, the
catch fluctuation of Hemiptera is mainly attributed
to the fluctuation of Jassidae.’

Hourly analysis shows that maximum
catches of 20,13% and 23588% of - the total annual
catch of the Pirst and the second year, respsctivel
were 3£.21900 - 22,00 hrs. Minimum catches < [of
0s58% and 0.82% of the total annual catch of the
first and the second year, respectively, were at

04,00 - 05700 hrs.

COLECP TERA 3

Ths catch fluctuation of Colsoptera
showed more or less similar trend in both the years
of study. The relative abundance was quite louw

during cold uinter (December - February) which
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increased rapidly from March onward with the
onsst of rainy ssason., There uwere three peaks

of high catch in May, July and October in each
year wh&ch depicts that thers were thres genera=-
tions or at least three phases of emergencs of

Coleoptera in a year. (Figure 4).

0f the different snvironmental
factors, monthly average minimum temperature and
minimum relative humidity showed significant posi-
tive relationship at P ¢ 0J05% level with the monthly

Coleoptera catch during the second year,’

In total twelve families, namsly,
Nttidulidae, Curculionidae, Chrysomelidas, Elateridae,
Byrrhidae, Carabidae, Cobccinellidae, Gerridas,Ceram-
bicidae, Lymaxylidae, Staphylinidae and Tenebrionidae
were caught during the study period, Out of these
families Nitidulidae, Chrysomelidae and Curculionidae

were the most dominant,

Staphylinus sp. is a rare collection
in the present 1investigation belonging to family
Staphylinidae. Collection of Scaphium spd belonging
to Lymaxylidae family confirms the report of Mani
(1973) that this species is attracted towards light

source.
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Hourly analysis shouws that magimum
catches of 23:09% and 29.59% of the total annual
catch of the first and the second year, respsctively,
at 20,00 - 21,700 hrs were recorded. Minimum catches
of 0.39% and 0,76% of the total annual catch of the

first and the second year, respectively, at 04?00 -

05500 hrs were recorded5

DICTYOPTERA 3

dictyoptera occurred in very less
numbers in the annual cycle and were absent in
December, January and February during the entire
study period, Of the two families collected,
Blattidae was higher in catch than that of the
Mantidag, (Figure 9).

Temperature and humidity had
signi€icant positive relationship during the
second year with that of the monthly Dictyoptera
collection. Rainfall did not show any significance
to the monthly total Dictyoptera collection.

Hourly analysis shows that there
was no catch during 03.00 - 04700 hrs and 04.00-
05500 hrs in both the years. Maximum catches of
$20.00% and,{22?91%; of the total annual catch

of the first and the second year, respectively,
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at 20700 = 21,00 hrs were recorded. fhere vas
minimum catch of 1753% at 22,00 - 23,00 hrs and
23,00 - 28,00 hrs each in the first year and
in the second year minimum catch of 4516% was

at 01700 - 02,00 hrs and 02,00 - 03,00 hrs each’’

ORTHOPTERA

Orthoptera catch fluctuation showed
more or less similar trend in the two annual cyclaé?
They were fairly scanty during winter (November -
February), common in rainy season (March - July)
and quite low during early autumn (August - Sep=-
tember). ( Figure 2).

0f the four families, Acrididae uwas
common in every month, Tettigonidae was also common
in every month except in February, 1980, Gryllidae
and Gryllotalpidae wsre irreqular in occurrencef }he
catch fluctuation trends of all the families were
similar to the overall fluctuation trend of Orthoptera

(Figure 10).

The monthly average maximum relative
humidity showed significant positive relationship
with the monthly total Orthoptera collecticn at
0.05% level during the first year. Other environ-

mental factors did not show any significancéﬁ



There were maximum catches of 16.52%
at 19,00 = 20,00 hrs and 24,36% at 21,00 = 22,00 hrs
in the first and the second year, respectivsly.
Minimum catches of 0.28% at 04,60 - 05,00 hrs and
1558% at 03,00 - 04,00 hrs were in the first and

the second year, respectively,

Rest of the orders, namely, Ephemeropters,

Plecoptera, Trichoptera, Isoptera, Dermaptera and
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Odonata were caught in very fsw numbers in the light-

trap., This may be due to thier pattern of life cycles,

habits and other reasons which we shall not discuss

in context of the pressnt study}

OVERALL ANALYSIS OF PDPUiATfGN D§NANICS H

To draw up some salient features of the
population dynamics of insects attracted to light-
trap the following general conclusions of the

present study are notsuorthy,

BEHAVIOUR OF INSECTS IN RéLATION TO tIGHT-TRAP s

1) That all the insect orders caught during the
entire study period show similar trend of seasonal

population changes in the annual cycle.

(2) That out of temperature, humidity and rainfall

no one was prominant factor for population fluctua-



tion but :: may all different environmental
factors including vegetation, disease, parasites,
predator and climatic factors work together for

insect population fluctuation in forest ecosystem.

(3) That there is more activity of the insects
before mid-night.

(4) That insects occur in large numbers during

rainy and autumn seasons.

(5) That Diptera is highly attracted while
Coleoptera, Lepidoptera, Hemiptera and Hymenoptera
are fairly attracted to light-trap.’

€¢6) Coleoptera is the most diversified order uwith
tuelve different families attracted to light=trap.

(7) That light-trap has a controlling effect on

insect population.

DOMINANT INSECT FAMILIES :

Light=trap collections usere
dominated by certain families which were present

throughout the monthly catches., Out of 41 identi-

fied families only 15 dominant families of different

orders were as follows ¢ Chironomidae, Cecidomy-

iidaey (Diptera); Pyralidae, Noctuidae, Geometridae

(Lepidoptera); Formicidae (Hymsnoptera); Jassidas

(Hemiptera); Nitidulidae, Curculionidae, Chrysomeli-
das (Coleoptera); Blattidas (Dictyoptsra); Acrididas,’
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Gryllidase, Tettigonidae (Orthoptera) and Baetidas
(Ephemeroptera), These families occurred in large
numbers throughout the study period and were mainly

responsible for population dynamics in the forests

Thus, in light-trap insect diver-
sity was high except in winter., This was due to
the constancy of the dominant families in all cétches
and also during the months when the total insect
abundance was highj Such phenomenon was in contrast
to the tropical regions in general, where insect
abundance and diversity were negatively related
(Frith 1975). Our study was carried out in a sub-
tropical semi-deciduous mixed forest with limited
temperature variations which confirm the findings
of Reddy (1980) in a comparatively cool climate of
Shillong and of Williams (1964) in temperate region
wherse insect diversity increased with seasonal

abundance.

EFFECT OF SEASONAL CHANGES :

The light=trap findings reveal that
most of the insects are capabls of overwintering. They
have an upuard thrust in population dynamics after
the onset of monsoon rain with the increase of tem-

perature and humidity. Similar findings were rsported
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by Chalfant gﬁ.‘gi.(1974) and Reddy (1980). In
Balphakram Sanctuary the insect number increasss
following the onset of rains which is the primary
factor for luxuriant vegetative growth, food of
phytophagous insects. In tropics rainfall is
reported to be the most important factor for popu=-
lation size of insects (Owen 1969). Reddy (1980)
also reported on the importance of rainfall in
relatively cooler but highly precipitated pine
forest inssct population near Shillong; He reported
that the peak activity of most of the insects occurred
immediately after rains and therefore rainfall could
be attributed as an operationally significant factor

in regulating insect abundancs.

USE OF LIGHT-TRAP 3

Light=trap can be used as a

controlling measure of certain forest insects as

is revealed by the spaectacular decrease of insect
catch in the second year of the light-trap experi-
menty This kind of study will be useful in predic-
ting insect population dynamics in a forest system
if such experiment is done continuously over several
years and records are maintained. Such informations
are considered to be of primary requisite for wild-

life sanctuary and forest-; management,



BIOLOGY OF MAJOR INSECT PESTS ¢

.3 i ¢ 1
CycYosia panthona !Cram. 3

It is a small brouwnish black
moth.,' The females lay eggs in clusters on the
undersurface of the host tree leaf. ?he freshly
hatched out larvas are dark samber in colour with
yellow spots and translucent bristles on the body,
The larvae pass through six instars before pupation:
The larvee develop black-spots on every body segment
from 2nd instar onwards. The 6th instar larvae
shouw bod% size difference = the smaller larvae
give rise to male and the larger larvae give rise
to female mothsf Both larva and pupa are yYellow in
general appearance. The cocoons are paper=-like,

oval in shape and brick-red in colour.

=

fhe present investigation is a .
detailed biology with description of developmsntal
stages, Hampson (1976) earlier described the iden~

tifying characteristics of its larvae and pupae.

POPULATION DYNAMICS :

The preéent investigation confirms

that Cyclosia' panthiona Cram. is trivoltine and completes

thrse generations in a year in Balphakram forest. The
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three generations are rainy season (May - July),
autumn season (August - October) and winter season
(November = April) generations. The time period in
life=cycles in different generations are as follows £
rainy season 77 days, autumn season 85 days and
winter season 228 days. fhere is a pupal stage
diapause in the winter generation in the month of

January. Diapause is broken by early May.

LIFE TABtE AND SURVIVORSHIP CURVES ¢

In the present investigation steep
and convex survivorship curves have been found in
all the three generations indicating more mortality
in the later stages of development. in winter
generation the curve is most steep indicating high
mortality, in rainy generation the curve is less
steep indicating lower mortality and in autumn the
curve is in between the winter and rainy generation,

indicating a medium mortality rate,

Mason and Thompaon (1971) reported
concave curves on Douglas fir Tussock moth, dﬁdzf&
pseudotsuga depicting relatively constant mortality
rate for all the age groups. Similar to our finding
Housewart and Kul=man (1976) found convex survivor<
ship curves for yellow headed Spruce saquly,

Pikonema alaskensis . Such similarity or differences
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in the survivorship curves in different species
in different environment indicates that different
mortality factors act in different rates on

different species in different snvironment.

in vinter generation the larvae
occurred in large numbers. fhis resulted in food
shortage and consequent dispersal of later stage
larvae,’ Disease and fachinid parasite also caused
larval mortality. in rainy generation rain and
vind acted as major mortality factors. fn autumn
generation disease and parasite were the major

mortality factors.

Similar to our finding Mason
and Thompson (1971) attributed food shortage and
viral disease as major causes of mortality resuls

ting into the collapse of the larval population

of the Douglas Pir Tussock moth, Orgyis gseudotisugal .
Similarly, Stairs (1972) recorded nuclear poly-
hedrosis virus which killed a large number of

the Sth instar larvae of Maladcdosoma dildstria.

Mason (1976) similarly evaluated that 1larval loss
due to dispersion, predation or starvation were
highest early in the 1life cycle of Douglas fir
Tassock moth, Q. é&é&ddﬁé&jﬁ. In high larval

density, starvation was recorded as an important
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mortality Pactor in forest Tent caterpillar, M,
di'sstria by Hodson (1977)s Similar to our rainy
generation finding, Goh and iange (1980) recorded
rainfall as one of the major mortality factors

on Plume moth, Pilatyptilis carduidactyls .

Population reduction involves a
multitude of natural factors which frequently
operate in subtle and compensating ways. Thelr
effects being often difficult to evaluate solely
- in numbers of insects killed (Mason 1976).§Mortality
factors act upon the developing stages in different

rates. We found in Cyclosis panthona Cram. that

mortality factors acted in different rates in
different developing stages and in different
generations and mortality was higher in later stagses

of development.

Diaphania laticostalis Guene 3

This is a small milky white moth.
The females lay eqqs in clusters on the under-
surface of the host tree leaf. Freshly hatched out
larvae are pale yellow with 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.



169

Cannibalism was observed among the larvae
from 4th instea onuwards. Weak, parasite infected as
well as degad laivaa were eaten by other healthy larvae,
Our finding is similar to that of Barber (1936) uho

found uwith Corn ear worm, Helilothis' obsoleta that

cannibalism is a major requlatory factor at high den=-

sity population.'

Some larvae in the field were found to
be infected by the larvae of Apanteleds sp.(Hymenpptera
¢ Braconidae) uhich definitely reduce larval popula-
tion of the host insect, Presence of this larval stage
parasite indicate its potentiality to be utilised as
an indigenous biological control agent.’ Different
species of Apantdlids are uidely distributed ahd
effective larval stage parasite of Lepidoptera (DeBach,
1964),

POPULATION DYNAMICS 3

The first appearance of the larvae on
the host tree leaves is found in August in the forest,
The larvae are gregarious and live together inside
the leaf-rolly Larval attack on the host tree increases
from August and it reachss a peak in the month of

February after which it decreases and disappear by April./
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Pupation takes place in leaf roll of the host tree,
Adult moths emerge out in the sarly part of August.
Adults are nocturnal and are attracted to light-trap.

Diaphania laticostalis Guene is found at least in

three generations in an annual cycle in between August

to April,

HOST TREE :

The host tree, Holarrhenad ahntidyslentricd

(Lin.) Wall is a common woody tree in Balphakram
forest. It is a medicinal tree. fts leaves and barks
are used against amogbic dysentery by the local
inhabitants. The wood is used for making slate frams,
mathematical instruments, spools and pirns of silk
industry etc. (Anonymous 1959), Other speciess of
Diaphania are reported to feed on the fruit of
Cantaloupes, Squashes and Cucumbers (Little 1974).

In Balphakram forest no tree other than Holarrhena

antidysentrica was found to be fed by Diaphania

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 bioloqy with detailed description of develop-

mental stages of g. Yatidostalis and its population

dynamics.
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MINOR INSECT PESTS ¢
Nine minor insect pests recorded in
the present study were as follous ¢

1. Dglias descombesi (Lepidoptera ¢ Pyralidae). Host

3 3 i -~ . i
plants - Grewia microcos and Loranthus sp.

2. Melanitis ismene (Lepidoptera : Satyridas). Host
plant - Paddy,

3. Dicladispa armigera (Colsoptera ¢ Chrysomelidae).

Host plants = Michanea sp. and Paddy.,

4, Aulacophora foevicollis (Colsopiera :Chrysomelidas).

Host plants «» Cleorddendron sp. and Cucurbits.

5. Epilachna sp. (Colsoptera : Coccinellidae). Host

plants - Solanum sp., Michanea sp. and Cucurbits,

6. Mylabris phalerata’ (Coleoptera :Meloidas). Host

plant - Thatching grass.

7. Chrysochroa chinensis (Coleoptera ¢ Buprestidae).

Host plants = Fallen woods.

8., Oxyia velox (Orthoptera : Acrididas). Host plant

- Paddy.

9. Leptocorixa varicornis (Hemiptera : Coreidas).

Host plants = Dipterocargus‘spf and Nfchdﬁgg Sp.

It is not knowun uhether these insects
may attain major pest status in conjenial environment.’
The short notes on these insects may be of use in the

management of the Balphakram Sanctuary.
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RELATIVE TOXICITY EXPERIMENTS

It is a general practice to test
the relative toxicity of the candidate insecticides
to any target insect psst before using the insecti=
cides for control of the pest insects (Ses for
references, Gupta and Rauwlins 1966, Kay 1979f Gupta
and Veer 1986).

in the present investigation
the relative toxicity of four insecticides, namely,
Nuvacron 40EC, Cythion SOEC, Ekalaux 25EC and
Thiodan 35EC have been tested on the larvae of

Cyclosia panthona and Diaphania Yaticostali's

both of which are recorded as defoliators of forest
trees in Balphakram forest. The insecticides are
locally availabe in Agriculture Department at
Shillong.

NUVACRON 40EC ¢

Nuvacron was not at all effective
at lower concentrations with the larvae of Cyclosid
panthona. It caused first mortality at 12 hrs of
treatment which is low in percentage and even after
48 hrs the mortality did not exceed 66% at the

maximum concentration of 0.0%4%.



Nuvacron caused first mortality

on Diaphania laticostalis larvae within 3 hrs at

0.0025% and 0.005% concentrations and within 1 hr
at 0.01%, 0.02% and 0.,04% concentrations. At higher
concentrations there was a progressive increase in
mortality with the increase of time interval and
concentrations, Maximum mortality of 76% was recor-

ded within 48 hrs at 0,04% concentration.

Nuvacron showed delayed and com-
paratively limited larval mortality on both the

species tested,

Delayed action of Nuvacron with
medium effectiveness was earlier reported by
Whitlock (1973) while testing the effectiveness
of 11 different insecticides on the larvae of

Heliothis armigera. His finding is close to our

findinds, as Nuvacron was found to be slow and

lesast effective on Cyclosia panthona and slow

but effective on Ofaphania }aticostalis'.

Singh et. 21.(1973) found
Monocrotophos (Nuvacron) at 0.025% concentration
along with Carbaryl 0.1%, ODT +"BHC 0.1% as most
effective causing 68 - 85% mortality among 14
different insecticides tested to control the Cotton
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leaf roller, Sylepta ddrdgota . Singh and Gupta(1978)

further confirmed Monocrotophos as the most effective
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against Teak skeletonizer, Pyrausta machagralils

along with Chlordimeform, Quinalphos (Ekalaux),
Anthio in comparison to Cythion (Cyanamid Malathion),
Thiodan (Endosulfan) and Malathion. In present
investigation also, Nuvacron has been found to be
more effective than Cythion and Thiodan on 0.

laticostalis.

CYTHION SOEC ¢

Cythion caused knockdoun sffect

on Cyclosi'a' panthona larvas within 3 hrs at 0.01%,

0.02% and 0.04% concentrations and within 6 hrs at
0.0025% and 0.005% concentrations, There was a
prograessive increase in mortality with the incresasse
of concentrations and the time intervals after treat-
ment, The maximum mortality of B4% was recordsed with-
in 48 hrs at 0,04% concentration. Cythion proved

to be more effective than Nuvacron on C. ﬁéﬂfhdﬁé:

Cythion was found to be ineffective

on Diaphania laticostalis larvas. There was no mortality

at 0,0025%, 0.,005% and 0,01% concentrations. The first
mortality was recorded within 24 hrs at 0,02% and 0.04%
concentrations. The maximum mortality of 12% was recorded
within 48 hrs at 0,04% concentration. Cythion proved
least sffective among the 4 insecticides tested on D.
laticostalis.
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Singh et. g1.(1973) uhile testing
14 different insecticides on the Cotton leaf roller,

Sylepta derdgota found that Cythion was less effective

than Monocrotophos (Nuvacron). But in our present

testing on Cyclosis panthona , Cythion was found to

be more effsctive than Nuvacron. On Dispharis

laticostalis larvae Cythion was found to be less

effective than fhiodan, Nuvacron and Ekalaux.

EKALAUX 25EC ¢

ékalaux caused first mortality on

Cyclosia panthona larvae within 3 hrs of treatment

at all the concentrations. ¥here was increase in
mortality with the increase of concentrations and

time intervals after treatment. Maximum mortality

was recorded within 24 hrs at all the concentrations.
it was found to be quick in action and more effective
than Nuvacron and Cythion causing 100% mortality with-
in 24 hrs at 0,02% and 0,04% concentrations.’

On DfaﬁHaHiﬁ Yaticdostalis larvae

Ekalaux caused first mortality wyithin 1 hr at 0501%,
0,/02% and 0:04% concentrations. fhere was increase

in mortality with the increase in concentrations and
the time intervals after treatment. }here was maximum
mortality of 84% within 48 hrs at 0:04% concentration.
ékalaux proved to be very quick and most effective on

D. laticostaliss among the 4 tested insecticides?
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Strong effectiveness of Ekalaux
(Quinalphos) has been reported by Singh and Gupta
(1978) against the 3rd instar larvae of the Teak

skelstonizer, Pyrausts machaeralis . They recorded

ascending order of toxicity as ODT (WP), pDT (WoP )y
Ambithion,” Aldrin, Malathion, Dimsthoate, Dialdrin,
Dichlorovos, Fenitrothion, Carbaryl, Acephate, Anthio,
Quinalphos (Ekalaux), Chlordimeform and Monocrotophos
(Nuvacron).' Their findings are in conformity with

our findings that Ekalaux is the second most effective

insecticide on ﬁjcldsia gantﬁoné and the most effective

insecticide on Diaphania laticostalils larvae among

Cythion, Thiodan, Nuvacron and Ekalaux,

THIODAN 35EC ¢

Thiodan also caused first mortality
on the larvae of Cyclosia panthona within 3 hrs of
treatment at all the concentrations like that of the
Ekalaux. However, mortality percentage was highser
than that of Ekalaux. There was increase in mortality
uith the increase of concentrations and time intervals,
It caused 100% mortality within 12 hrs of treatment
at 0,01%, 0.02% and 0.04% concentrations and proved
most toxic on C. panthona among all the insecticides
tested. Nevertheless, Thiecdan showed only a little
edge over Ekalaux in toxicity .
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Thiodan caused low mortality on

Diaphdnia Y¥atidostalis larvae . It caused first

knockdoun at 0.0025% concentration within 24 hrs,
at 05005%, 0,01% and 0,02% concentrations within

6 hrs and at 0J04% concentration within 3 hrs of
treatment. There was increase in mortality with the
increase in concentrations and time intervals. It
caused maximum of 62% mortality within 48 hrs of
treatment at 0.,04% concentration.’ Thiodan was more
effective than Cythion but less effective than

‘ gl igead ] g Teied 1
Nuvacron and Ekalaux on D.' Isticostalid,

High toxicity of Thiodan (fndosul?an)
has been reported by Joshi and Sharma (1973) while
testing 10 different insecticides for control of the

Mustard aphid, Uipaphid érysimii and its predators,

RS In S B S S TR S R AT RUIU N ARt G I T P g S I
Menochilus sexmaculatus and Xanthiogramma écutéllapﬁg.

Their report is similar to the present finding on

Cyclosia panthona, as Thiodan caused highest mortality

among the 4 insecticides tested.

b\'13~ 1o 3
However, in experiments on Diaphania

Yaticostalis larvae Thiodan occupied 3rd positiaon

in toxicity, Nuvacron being 2nd and ékalaux 18t
Gupta and Veer (1986) while evaluating the toxicity

of 19 contact insecticides against Glybhodsgs' (dfdpﬁéﬂf&)

pyloalis included 3 insecticides tested by us and

recorded their relative toxicity in ascending order
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as Endosulfan (Thiodan), Monocrotophos (Nuvacron)
and Quinalphos (Ekalaux). This order of relative
toxicity is identical to our finding on Oizphania
laticostalis., This similarity in response to toxicity

sgems to be as because their target inssect and our

1

target insect belong to same family and same genus's

In the present experiments on ths
relative toxicity of the 4 insecticides on ﬁfcf&sf@
panthona larvaes the ascending order of toxicity was

as Nuvacron, Cythion, Ekalaux and Thiodan.

The relative toxicity of the 4

insecticides on Diaphania laticostalis larvae was

as Cythion, Thiodan, Nuvacron and Ekalaux in the

ascending order.

From the above discussion it can be
inferred that the toxicity of a particular insecticide
varies from insect to insect. This variation in
toxicity seems to be due to difference in response
of the target insects to the insecticides. Related
insects respond similarly to a particular insecticide
and unrelated insects show variation in their response
to insecticides. A particular insecticide may be
most toxic to one but may not be so toxic to another

inssct.
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The present investigation on relative
toxicity of 4 contact insecticides against two

13 ) ie 24’)'
species of forest insect pests, Cyclosia panthona

and Diagphania laticostalis may help in selecting

out candidate insecticides for controlling the
concerned insect pests or other related insect

pests in the forest as well as in agricultural
fields' The result of the present experiment may be
used in forest insect pest management in Reserve
forests , Wild-life Sanctuariss and other biospheres

in the North Eastern Hills and elseuwhere.
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SUMMARY

The present study incorporates the investiga-
tions on the following aspects

1. SURVEY 3

Based on the faunistic survey from September,
1979 to Dctober, 1981 in the Balphakram National Wild-
life Sanctuary a list of 134 species of identified
insects out of 14 different orders has been provided.

2. POPULATION DYNAMICS OF INSECT FAUNA

A total of 9211 insects in the first year and
6895 insects in the second year belonging to 13
different orders have been collected by Light-trap.

The mont hwise total insect collection in the
two years exhibited similar trend of occurrence, The
mont hvise minimum insect collection was in January
and maximum insect collection was in October during
both the years. Such regularity in insect collection
seems to be due to regularity in climat isc factors and
undisturbed vegetation.
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Most of the insects were collected
(84,30%) during the fPirst half (17,00 -~ 23,00 hrs)
of the night and maximum collection (46?14%) was
in ths second quarter (20f00 -~ 23,00 hrs) of the
night.

In light-trap 13 different insect
orders, namely, Diptera, Lepidoptera, Hymenoptera,
Hemiptera, Colsoptera, Dictyoptera, Orthoptera,
Ephemeroptera, Plecoptera, Trichoptera, isoptera,
Dermaptera and Odonata were collsctedﬁ in day
time survey order Phasmida was collected in addi-

tion to the above 13 insect orders.

Collected insects were dominated
by certain families which were present in svery
month of collection. They were - Chironomidas,
Cecidomyiidae (Diptera); Pyralidae, Noctuidae,
Geometridae (Lepidoptera); Formicidae (Hymenoptera);
Jassidae (Hemiptera); Cucculionidae, Chrysomelidae,
Nitidulidae (Coleoptera); Blattidae (Dictyoptera);
Acrididae, Gryllidas and Tettigonidas (Orthoptera):

Diptera was the most domipant
order in respect of highest number of insect
collection. Coleoptera was the most diversified

order with 12 different families in the collectiony



fnsect diversity was high

every month except during the winter monthsf ?ﬁe
analysis of the population dynamics of the insects
indicates overwintering of most of the insects.
Upward thrust in population dynamics was noticed
with the advent of summer season with the monsoon
rain. Howsever, humidity, temperature or rainfall
singularly did not have any definite influence in

the insect population dynamics in generals

Eight-trap may be used as a
controlling method of forest insect pests which
are attracted to light-trap.

3.' INSECT PESTS

fhe following two were rescorded
as major forest insect pests in the Balphakram

National Wild-1ife Sanctuary

(1) Eyclodid parthona
(Lepidoptera : Zygaenidag)

(2) Didphania latlicositalis
2iapnania lal

(Lepidoptera : Pyralidas)

Nine other minor insect pests

recorded in the Sanctuary were as follows

(1) Daltes deschibidsiy

(Lepidoptera : Pyralidas)

182
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(2) Melanitis fsmene

(Lepidoptera ¢ Satyridas)

(3) Dicladispa armiggra
(Colsoptera ¢ Chrysomaelidas)

(4) Aulacophora foevicollis

(Coleoptera 3 Chrysomelidas)

(5) Epilachna’ spy
(Coleoptera ¢ Coccinellidas)

(6) Mylabris' phaldratd
(Coleoptera : Meloidas)

(7) Chrysdchrod chinensis

(Coleoptera : Buprestidae)

(8) Oxyia velox
(Orthoptera : Acrididae)

(9) Leptocorixa varicornis

(Hemiptera ¢ Coreidas)

The biolegy of the two major

insect pests has been investigated in detail.

(1) Cyclosia panthiona Cram. @

The Cyclosia panthona Cram.

(Lepidoptera ¢ Zygaenidae) is a serious defoliator

of a common woody tres Apdrosa ﬂdﬁﬁdrgﬂi? of

Balphakram forest in its larval stage.
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fhe adults are small bmounish
black moths. fhe females lay oval, pale ysllouw
coloured eggs in clusters on the lowser surface
of the leaves of the host treesy The freshly
hatched out larvae ars light ysllow in colour
with translucent bristles and dark samber head<
capsules, The larvas develop black spots on
every body segment from the 2nd instar onuvards,
The larvas pass through six instars. Pupation
takes place in an oval, brickered colourad paper-
like cocoon on the host tree lsaf or on any

other substratum.
The Cyclosia' panthona is found to

be trivoltine in Balphakram forest, The life-cfcls

is completed in 77 days in rainy season,c¢ 85 days
in autumn season and 228 days in winter season ¢ - -

generations.’

tife tables and survivorship curves
of the three generations have been provided. fn
the winter generation the curve is most steep
indicating high mortality rate, in the rainy ssason
generation the curve is less stesep indicating lower
mortality rate and in the autumn season generation
the curve is intermediate betwsen winter and rainy
season gensrations indicating a medium mortality

rate in betuesen the two gsnerations.



In the winter the larvas occur
in large numbers resulting in shortage of food
and disparsal of the larvas. Other limiting factors
in this generation were disease and parasite. fn
rainy season rain and wind acted as major mortality
factors besides dissase and parasite,. fn autumn
disease and parasite wers ths major mortality
factors. Besides the above mentioned factors cer<
tain unknown factors might work in its population
dynamicgﬁ In spite of all these limiting factors

Cyclosia' panthona larvas occur in outbreak level

in the uinter generation in every year.

(2) Diaphania laticostalid Guene &

. O S S T S SR T U T O PO O
The Diaphania latidos'talils' Guene

(Lepidoptera ¢ Pyralidae) is a leaf roller and
defoliator of medicinal and economically important

tree, Hotarrhena antidysentii’ca of Balphakram

forest in its larval stage:

fhe adults are small milky uwhite
moths, Round, pale white eggs are laid in clusters
on the undersurface of the leaves of the host trees
fhe freshly hatched out larvae are pale vhite in
colour, They turn samber coloured from 3rd instar
onwards, fhey pass through five larval instars.'

Pupation takes place inside the leaf roll.

185
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The Diaphania latildo'stalis larvae

occur; in three overlapping generations during

August to April in the Balphakram forest.

iarge numbers of larvae in the -
forest are found to be infected by Apantié¥ds sp.
(Hymenoptera ¢ Braconidae), a larval stage parasité?
Record of Aparnteles sp. in the Balphakram forest

as a larval stage parasite of Q: Iaticostalils

indicates its potentiallity as an indigenous bio-

logical agent for control of insect pests.'

Cannibalism was observed among
the larvae of 0. laticostdli's from 4th instar

onwards,'

4, RELATIVE TOXICITY

The relative toxicity of four
contact insecticides, namely, Nuvacron 40EC
(Monocrotophos), Cythion SOEC (Cyanamid Malathion),
Ekalaux 25EC (Quinalphos) and Thiodan 35EC
(Endosulfan) has been tested by Dry=film technique
of Gupta and Rowlins (1966) against the larvae

of CycYosia pantHona and Didphanis Yatidos'taliel

fhe relative toxicity of the four

insecticides on Cyclogia panthona larvae was

found to be in the following ascending order ¢
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Nuvacron, Cythion, Ekalaux and Thiodan. Thiodan
showed highest effectiveness among the four
insecticides, Ekalaux was very close to Thiodan
in effectiveness, Cythion was medium and Nuvacron

was the least toxic.,

The relative toxicity of the

four inssecticides on Diaphania laticostalis' larvae

was found to be in the following ascending order E
Cythion, fhiodan, Nuvacron and Ekalaux. Though
Ekalaux showsd highest effectiveness, there was
not much difference with that of Nuvacron in
toxicity. In some louwer concentrations Nuvacron
exceeded Ekalaux in effectiveness. Thiodan was

a medium toxicant. Cythion was the lesast toxic

among the four insecticides tested.
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