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1. INTRODUCTION

Moscﬁitoes are found all over the world from the tropics to the artic.
There are more than 3450 species in the Culicidae or mosquito family. In
“most parts of the world today, pest control of some kind is essential
because crops, livestock and pegpple live in a potentially hostile
environment. Humans and livestock coexist with more than one million

kinds of insects and other arthropods, which are pests (Bohmont, 1997).

Aﬁnoyance due to mosquitoes results from (1) abundance in ﬂight
near a person, (2) insistent singing as they hover above the resonating aural -
~ canal, (3) allergic reactions from bites and (4)>being reservoirs for agents
pathogenic to man and _ahimals; The annoyance caused .by‘ mosquito
feeding 'inc':lﬁdes‘itching,'r,estlessness, loss of sleep and nervous irritation in |
all people, pets and domestic animals that suffer from their attack. The
saliva causes itching and this minor annoyance cahnot be documented in -
~terms éf economic loss, but obviously there may be some major economic
losses e.g. decreascd recreation incorﬁe and lower milk and beef production |
due to blood loss and irritation. The primary reason for controlliné'
mosquitoes 'uéually is to lessen the annoyance caused by their'bifes ‘and -

then secondarily to reduce the transmission of diseases.

The need to reduce and if possible, to el_iminate altogefher -the
o rayageé of insect pests and vectors has attracted the attention of séi_én’tis’ts,» -
national governments and international agenciés for many decades. The
term pesticide is an all—inclusive term that includes a number of ihdividﬁal_
chemicals designed specifically for the control of certain pests. As defined

| by federal and state laws of the United States of America it also includes



Y
chemical compounds known as growth regulators that stimulate or retard’
 the growth of plants/pests. It also applies to compounds used for repelling, -
attracting or. sterilizing insects. The first generation insecticides are‘the
| naturally derlved botanicals and materials like the arsenicals and petroleum

products The second-generation insecticides are- exemphﬁed by DDT and

other = chlorinated hydrocarbons organophosphates carbamates and -

| synthetic pyrethr01ds ‘The period from 1940 to 1960 was cha.racterized by.__r '

ma_]or dlscoveries in the use of. chemicals that secured the health and foodi_

crop of man, wh1ch later created problems of other kmd

Most of the conventlonal synthetlc msectrcrdes ~being broad-
spectrum in activity disrupt natural regulatory mechanisms. The drawbacks
associated w1th the use of chemical pestlcides namely pollutlon of the
" environment through accumulation in soﬂ air, ‘water and agricultural'

products, the evolution of r_esmtance in pests and destruction of beneficial - -

insects and natural predators necessitated the developmeht of envirori_ment o

' friendly agents for the control of pests. Sole reliance upon .'chemicals for
the control of ectoparas1tes is in Jeopardy because of food safety,‘v’
env1ronmenta1 concern, 1nsecticide resistance and a lack of commerc1al:'
~interest in the development of new compounds. The problems with
| chemical pesticides cited ‘above and s’ubsequent'development in biological_

sciences have led to renewed interest in biolo gical control methods.

Biological methods for control of vectors suggest the use of insect

predators; parasitoids, parasites and pathogens as alternatives to chemical

agehts.- Among the above said age‘nts, enteropathogenic SpOre-forming E

- bacilli have been found to be a useful tool in controlling insects (Fast et al.,
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5 978). Later a potent biopestcide was developed from the endotoxin of

Bacillus thuringiensis israelensis (Bfi).

At present, integrated pest management (IPM) is 'the__only option |
~ available for the control of vectors. IPM techniques in its simplest form is ‘
accepted as heing a management strategy in which a variety of biological,

| chemrcal and cultural control measures are comblned to give a stable long'
term pest control. Despite the problems imposed by insecticide- re51stance '
there is no quest1on that the judicious use of insecticides will remam an .
' vmtegral and essential component for most vector control programs in the

foreseeable future. It is. generally agreed among scientists that there is little,

1f any, cha_nce that chemical pesticides can be abandoned until alternative ._
_ controll measures are perfected. The'ir use still provides in man'y instances
| the only economical and effective means of controlhng the transmrssmn of.
a number of mosqulto borne dlseases partlcularly those for whlch neither a

, su1table chemotherapeutlc agent nor an effective vaccine is available (Lalrd |
- and Miles, 1983).

~ Alternative chemicals, which tend to be more compatible with

: blologlcals 1nclude insect growth regulators (IGR) and pheromones These

- newer alternatrves came. to be known as thrrd generatlon 1nsect1c1des All

. g compounds that regulate insect growth and development come under IGR

' (WHO 1985) Juvenile hormone analogues instead of being directly toxic
"to target organism disrupt the metamorph031s resulting in larval-adult_
intermediaries or mosalcs which die without gaining reproduct1ve
| COmpetence Chitin synthe51s inhibitors interfere with chitin biosynthesis

- and’ its deposition durmg ecdysis resulting in 1nsect mortality due to.

cutrcular malformatlon
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Since IGRs are specific and do not interrupt the natural regulatory
mechanisms, they have become one of the integral componént of IPM
programs. It is important to realize that in IPM strategy, a species per se is
not a pest but its high density. So the objective of IPM is not the -
eradication of a species but to limit their population density to a level that
is acceptable as determined- by economic  factors and environmental
coﬁcem. Despite the fears and real problems they create, pesticides clearly

are responsible for part of the well being enjoyed by most people in.the

. world over.

‘Hence the study on the effect of certain newer generation insecticides
on the developmental stages of mosquitoes was taken up with the

following objectives

L tc_)' identify the various species of mosquitoes prevalent in and

va'round Th:issur

2. to s'tudy the biology of the most commonly prevalent species of

mosquitoes

3. to screen mosquitoes for the presence and identification of

intermediary stages of animal parasites if any, and

4. to understand and compare the efficacy of certain newer generation

insecticides against the developmental stages of mosquitoes.



-~ Review of Literature




2. REVIEW OF LITERATURE

2. 1. PREVALENCE

Mosquitoes are common practically through out India and occur in

enormous numbers in many parts Chr1stophers (1933) reported 38 spec1es

. of Anopheles in British India mcludlng Ceylon and Burma, th1s bemg the :

: first and still the authentlc report on the tribe Anophelmz from India.

'Sirnilarly, the first authentic report on the species of Culicines. found |
in Indla by Barraud (1934) disclosed that they were collected at alt1tudes :
14,000 feet or more in Kashmrr and 3,760 feet below ground level in the *
| Kolar Gold Mines in South India. The tribe Culicini comprised of- ﬁf_teen

genera and 239 _species as furnished in the above report.

Reld (1968) deﬁned mosqultoes as two-winged insects w1th many-

_segmented antennae in which. the wing ve1ns and- hind marglns of thc .

wings were clothed with scales and the mouth parts formed a long :
. proboscis: projecting" forward. According to him 3000 "Species ‘of
mosqu_itoes were recorded till 1968 and further more being discovered

constantly.

’ Fourteen species of Culex under the subgenus Lophoceraomyza'

were l1sted by Srrrvanakarn (1977) from India.

In a mosqulto survey conducted in Goa durmg August 1983 2096
s adult mosqu1toes belongmg to 29 spec1es were collected Culex

' trztaemorhynchus was the most abundant species forming 36 per cent of
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“the total collection. Henceforth, the total number of mosquitoes recorded
from Goa 'vsurged to 5l, comprising Anopheles — 25, Armigeres- 1, Aedes—
' 6, Culex- 14, Heizmannia- 1 and Mansonia- 4 species (Kulkarni et al,

- 1986).

The checklist of. mosqurtoes of Bangladesh presented by Ahmed |

(1987) ; mcluded 113 spec1es coming under ﬁfteen genera.

| Malnotra et al. (l'987-) collected 48 species ofjmosquitoesl belonging- -
" to nine g_enera such as A‘nop‘heles, Aedes, Armigeres, Culex, Coquilletti'dia,‘
. Malaya, Mansonia, T oxo_rhynchite's and T rz’pteroicles, in a surVey carried

out in Tirap and Subanéiri Districts of Ar‘u_nachal Pradesh. .Cu_lex gelidus

- and Cx. z‘ritaeniorhynéhu& were found in large niirnbers in Tirap In Sanéuri o

: D1str1ct Cx. quznquefasczatus formed 65 per cent of the larval collectron .

.. followed by An. maculates

Ten thousand two “hundred mosqurtoes collected by Nagpal and -
' Sharrna (1987) from 22 vrllages in northeastem reglon were identified into
’ ,6l __specres _under eight genera Viz. Anopheles, Aedes, Arngeres,_ )
o V‘CO-lquittz'clz’ia, Cul.ex,’Mala)-{a, ‘Man_sonz'cr and 7. oxorhyﬁchites. Anbpheles: Was' “

- the most dominant genus followed by Culex, Aedes and Mansonia The

most prevalent species - noted among these genera were An. vagus o

Cx. quznquefasczatus Cx. vishnui, Ae. albopzctus and Ma. annulzfera

.. Twenty-three species of mosqurtoes in Manipur belongmg to-
Anopheles Aedes Arngeres Heizmania, Mansoma and 7] rzpterozdes -

genera were found to have day bltrng habits (Raqut and Singh, 1987). |
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Rajput and Singh (1988) in an extensive survey of mosqulto fauna '
' m the state of Manipur durmg September 1983 to_ October 1985. recorded "
nmety species of mosqultoes under two subfamilies and ten genera, the

Vlatter bemg Anopheles, - Aedes, Arngeres Heizmannia, Culex Mzmzyza o

Coquzettzda Mansoma § rzpterozdes and Uranotaenza

The population trends and behavioral attributes of adult mosquitoes :

assomated w1th dairies in Southern Cahforma were studied by Schrelber et -

al. (1988) The most prevalent spe01es caught in surveillance traps were

Cx. tritaeniorhynchus followed by Cx. erythrothorax and Cx. tarsalis. |

Accordlng to Ders1e and Pradhan (1990) one hundred thlrty spe01es' .

of mosqultoes under fourteen genera were known to oceur in Nepal

Two species"of_ mosquitoes under the . Cx. vishnui- ‘.group
(Cx. pseudovishnui and Cx 'tritaéniorhynchus) Were collected by Joshi and
. Bansal (1991) during an extensive three-month survey carrred out in the.
desert district of Bikaner in Rajasthan. Culex pseua’ovzshnuz was found to

_be more domlnant than. Cx trztaemorhynchus durmg the entire perlod of |

_ study Both the specres preferred habitats wrth hrgher temperature and |

hurn1d1ty An increase in temperature and decrease in humldlty brought a-, -

‘ | sharp reduct1on in densrty of both the specres

Na1k et al. (1992) collected 89 species of mosqultoes belongmg to

ten genera from cattle sheds and human dwelhngs in Goa

Accordmg to Alan Walker (1994) the famlly Culzcza’ae had 3450 .

Spec1es in 37 genera There were three subfamrhes of mosqultoes |



Anophelirzaé consisting of Anopheles and two other rare genera (Bz'ronella
and Chagcrsia); Culz'cz'nae comprising of nearly all other genera and-
T oxorhynchztmae with species that have a sharply bent probos01s and
which were non- blood suckers Mosqultoes of utmost 1mportance to '
' human and animal health belonged to eight genera and they were
Anopheles in the subfamily Anophelinae and Culex, Aedes, .Haemogog_us,

Mansonia, Psorophora and Culiseta in the subfarnily Culicinae.

* Nineteen genera of mosquitoes were reported to occur in Southeast

Asié (Reuben et al, 1994). They found that Cx. quinquefasciatus was’

strongly anthropophrhc whereas other spec1es of Culex fed extensrvely on .

cattle, pigs and birds. Keys for. 1dent1fy1ng the common sixteen spec1es of _
~ Culex were prov1ded Slmple identification keys to 1dent1fy the three

spec1es comrng under Cx. vzshnuz sub- group Viz. Cx trztaenzorhynchus

- Cx yzshnuz and Cx. pseua’ovzshnuz, along w1th slmple d1agnost1c keys, for.'
the various species of Culex fourth stage larvae were outlined. The fourth

stage larvae of Cx. tritaeniorhynchus Were_ identified by the 1 apica-lly
rOunded (fan-shgped) comb scales fringed with sub equal spicules and the

weak siphonal tufts'having 2 to 5 branches.

Aedes albopzctus was reported as a brtmg nuisance in USA by Ah -
‘,etal (1995) '

The study conducted in Soralpung v111age of Assam state revealed'-.__ N

. that the densrty of Anopheles species was srgnlﬁcantly correlated W1th the o B

monthly rainfall resulting 'in hrgh prevalence in monsoon months and low

‘in _cool dry months (Prakash et al., 1998). The mosquitoes identified .
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~ belonged to 30 species under six genera when 1037 mosquitoes were

~ speciated.

Twenty-eight épecies of adult mosquitoesl coming under eight |
genera were collected by Dutta et al. (1999) from the world’s largest river

island, MajuhmAssam '

Armigerés jbloén&is, a rare mosquito wasv tecorded for theﬁrét time
'.-'from"Assa_m by Bhattacharya er al. (2000). Of the forty-six species -of
Af)nige_res' mosquitoes recordedeorldwide, ﬁfteeh have been _documehted'

- from India.

The subgenus OChlerotatus under the genus Aedes was elevated to

the rank’ of a genus by Reinert . in 2000 based on the morpholog1cal

peculiarity in the gemtaha The female gemtaha had the insula 11p 11ke o

' bearmg well—developed setae laterally

Three hundred and sixty nine spelc"ies‘ of fnosquito.e'é “under 43

o subgenera and 21 genera were known to occur in India (Rajavel, 2004).

Accordmg to the Malaria Research Centre Report (2004) 58 spe01es
- of Anopheles were known to occur in the Indian subcontinent, of which _
" seven’ have been eIuCIdated as vectors of Malaria viz., Anopheles'

culzczfasczes An. ﬂuvzatzlzs An. stephensz An, mznzmus An. annularzs e

‘An phzlzppznenszs- vzvzpes and An subpzctus -



10
2.1 1. Kerala B

No : thorough work' has been carried out so far on the species
prevalence of mosquitoes in Kerala except for certain attempts made- to
identify'the species involved in the particular locality during an outbreak of
a mosquito borne diseas'e in human'-beings The tran‘smission'of Brugid B
malayz causing elephantiasis by Mansonia mosqultoes in Cherthalla1 |
Kerala was recognlzed as early as 1932 by lyengar. Later the vector
spec1es mvolved were 1dent1ﬁed as Mansonia annulifera, Ma. umformzs-____

: and-Ma. mdzana (Iyengar 1938)

Damel et al. (1986) conducted a study in Trlvandrum c1ty between -
August 1984 and July 1985 on the seasonal prevalence of" mosqurtoes "
' Twelve spec1es coming’ under seven genera were' collected from a cattle -
~ shed located very near t0'a ‘canal in Kannammola. Mansonia umformzs -
| constrtuted more than srxty per cent of the collection. Maximum number of
Ma.. umfonms was collected in February 1985 while mrmmum number in
_:October 1984. One of the characterlstlc features of the collect1on was the ‘
| presence of males of Ma unzformzs in fairly large numbers in the cattle.
' shed whereas males of no other mosqulto could be found A dechne 1n the :
number of mosqu1toes visiting the host durmg the onset of monsoon was
~ also not1ced The d1fferent specres 1dent1ﬁed mcluded Ma unzformzs o

Ma annulzfera Cx. - gelzdus Cx. sztzens An. hyrcanus, An Jjamesi,

- An. vagus, An barbirostris. Ae “vexans, Ae vzttatus Ar. subalbatus and

E cmalbza chamberlaznz

The vectors of brugian filariasis in the endemic zone of Cherthallai -

in Kerala, have been identified as various species of Mansonia. These
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.mosqulto larvae and pupae were seen attached to the bulbs of aquatlc‘

plants such as Pistia stratzotes Ezchornza crassipes. and Salvznza molesta_

E (Kumar et al 1989)

Sabesan et al. (1991) studied the seasonal abundance and b1t1ng. |

, behav10r of Mansonia species and their relatlve role in the transm1ssmn of

_ bruglan ﬁlarlaSIS in Chertha11a1 Durlng this study 18 species of mosqultoes »d
a were 1dent1ﬁed namely, Ma annulifera, Ma. un_zformzs, Ma. ;ndzana,, '
Cx. sztzens T Cx. whztmorez e quinQuéfa&éiatus, ‘-Cx._ vzshnuz
Cx bztaemorhynchus Cx fu.scanuLs; ' va"minutissimus A'e'vitta‘tus'
- Ae. albopzctus Fi. chamberlaznz Ar. subalbatus An ‘vagus, An subpzctus

An pallzdus andAn nzgerrzmus

Among the three spec1es “of Mansonozdes mosqultoes that were

‘prevalent in Mararlkulam village in Cherthalla1 taluk, Kr1shnamoorthy : o

et dl (1993) found that Ma ‘annulifera was the predomlnant species

| followed by Ma. unzformzs and Ma zna’zana

| l_ | Ina study condneted in Vypeen Island; Co_chin, Mariap.p:an: et a?. -
(1996) could biden‘tify. 1'4". Speeie's of rnosquitoes -nnder four genera viz., |
_ 'Aedes Anopheles Arngeres and Culex. Culex. sztzens was found to be the |
» predommant mosquito spec1es The various spec:les identified - were -
», | 'Ae. aegypti, Ae. albopzctus, An. barbirostris, An.‘ nzgerrzmus, An.‘:sub’pic.tus-'," -
| An vagus, Ar. subqlbatu&, Cr. bitaeniorhynbhus, Cx. brevz})alp.is, |
T Cx. fuscanus Cx. gelidus, Cx. qninquefdsciatus,. | Cx. ,Sitiens and

Cx. whztmorez.



12

‘In yet another study, Mariappan ef al. (1997) identified 35 speeles of |
mosqultoes belonging to elght genera from Kochi. The mosqu1toes of
utmost public health importance were identified as Cx. quznquefasezatus.

" and Ar. subalbatus was the predominant nuisance mosquito.

Mosqulto fauna was studled dur1ng an exploswe 1nsu1ar outbreak of |
: _‘ Japanese encephalitis,. which occurred for the first time in. 1996 “in
Kuttanad Kerala (H1r1yan et al. 2003). A total of twenty SIX species
) belongmg to six genera of mosqultoes viz., Aedes, Anopheles Arngeres

Culex, Coquzllettzdza and Mansonia were collected. Culex species
- represented 77 per cent of total collection with Cx. trztaenzorhynehus as the-

most dominant among them representing 63 perfee_nt. The »six_Speei_es of .

rnedical importance were. identified as Cx. gelidus, Cx. quinqizefas'ciatus, R

- Cx. tritaeniorhynehus, Mn. annulifera, Mn. indiana and Mn. uniformis. |

, In a two-year ento'molo:gi'calbsurv'ey'-earriedfout in the 7_‘K‘1'1t‘tana_du'
region of Kerala state, Arunachalam ef al. (2004) identified 18 species
"bel_onging. to five genera from collections of adult mo‘squito'es.’ frem
| ‘V'eget'ati'on. surrounding cattle' sheds and . pigsties at dusk Culex
| trztaenzorhynchus was the most abundant species, with an increase in
.number in areas assoc1ated with rice cult1vat1on The spe01es 1dent1ﬁed_'
were A, aegypti, - An barbirosrtis, o An ]amesz,  An. pallzdus,

An. peditaeniatus, An, subpictus, - An. tesellaius,  Ar. subalbatus,

Cx. ﬁtscanus,_ Cx. fuscocep}tala Cx. Gelidus,'_ Cx. quinquefdsiatus,‘

Cx.' ihfuld Cx. trztaenzorhynchus Cx. - vishnui, Ma. annulifera,

. Ma indiana and Ma. umformzs
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Blood meal 1dent1ﬁcatron of md1v1dua1 mosqultoes of the specles of
- Cx. qumquefasczatus and Ma. annulifera carried out in the rural areas of
- Kuttanadu Kerala, revealed that both these species were highly
:anthropophlhc and feedmg on' cattle accounted for only 1.5 and 2. 1 per‘
;cent respectlvely (Samuel etal. 2004) '

2. 2 BREEDING AND MAINTENANCE OF MOSQUITOES IN THE _
LABORATORY o ‘

Mosquitoes were colonized in the laboratory according to WHO

(1975).
2.2.1.Eggs -

| According to. Horsfall (1972), rnos,quitoes like' all Dip"tera, -

underwent complete metamorphosis during-their development. The female -

mosquitoes laid about 30 to 300 eggs at any one oviposition. "The Culicine
eggs were brown elongate or approx1mately ov01d The eggs. were 1a1d."'-
g 'drrectly on the surface of water as a raft, which ﬂoated on the surface In
' the tropics, eggs hatched w1_th1n two to three days but in cooler temperate
. countries rhey did not hatch until after about 7- 14 days or longer. : .'

2.2, 2. Larvae

E According to  Service .('1980) rnosr1uito larvae could . be o

_'dlstmgulshed from all other aquatlc insects by bemg legless and havmg a :

_ 'bulbous thorax that was w1der than both the head and the abdomen There |

, Were four larval mstars all of whlch belng aquatlc The larvae had a well"-__ ’
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developed r_nobile head that had a pair of antennae and a pair of fcompo’and
| eyes. Prominent mouth brushes were present to sweep water eontaining
minute food particles into the mouth. The thorax was globular in outline
and had various simple or branched hairs. Nine abdominal segments were
present, and the last segment had a sclerotised plate called: the saddle,
whieh completely encircled the segment and two pairs of transparent

- sausage shaped gills. These gills were concerned with osmoregulation. -

- Mosquito l_arvae' fed on yeast, hacteria, protozoa and numerous other
plant and animal microorganisms found in Water In tropical .cou'ntries
larval development that is the t1me from egg hatchmg to pupatlon could
' be as short as five to seven days but many species required 7- 14 days In
: temperate areas the larval period might last several weeks or months and
| several spemes over wmtered as larvae. Ahnost any collection of temporary :
_ or permanent water could constrtute a mosqulto larval habltat but larvae
were usually absent from large expanses of umnterrupted water such as
lakes especially if they had large numbers of fish or other predators. They “

were also absent from large rivers and fast flowing waters except that they

-might, oceur in marshy areas and isolated pools and puddles formed at the =

. 'edgesr of flowing water. All Culicine larvae posses'sed' a siphon that might

. be long or short. They hung ups1de down and at an angle from the water"'-.

_-_ 'surface when they were gettmg air. There were no abdommal palmate

" hairs on tergal plates of Culicine larvae (Service, 1980)
2.2.3. Pn'pae

All mosqurto pupae were aquatic and comma shaped. The head and .

thorax were combmed to form the cephalothorax that had dorsally a palr of o
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respiratory .trumpets. T-he abdomen consisted of ten segments. Each
segment had numerous short hairs and the last segment terminated in a pair -
of oval and flattened structures termed the paddles In between the paddles_
-was a small pouch like prOJectron conta1n1ng the developmg external
' gemtal processes of the adults in female pupae this consisted of the cerci
' “ and the pouch was quite small but in male pupae the pouch ‘was bigger
because it contained .the claspers of the male" genrtalla Some of the.
developlng structures -of the adult mosqu1toes could be seen. through the
mtegu_rnent of‘ the cephalothorax, .the most consplcuous features being a
pair-of dark compound eyes, folded wings, legs and the proboscis (’Service, ‘
1980). IR o R

~ Service (1980) further reported that pupae d1d not feed but spent

most of therr time at the water surface taklng in air through the resplratory"'-- B

: trumpets They were capable of active movement unhke the pupae of most
other D1ptera If disturbed, they alternately ﬂexed and extended the
. abdomen and this movement aided by thelr paddles enabled them to sw1m. :
up and down in the water in a jerking fashion. The resplratory trumpets of .
 the Cuhcme mosqultoes were generally longer, more cyllndrlcal and their |
_openmgs narrower than in Anopheles Abdomlnal segments two to seven.'

had numerous ‘setae,
- 2.2.4. Culicine Adults

Accordmg to Reld (1968) adult mosqurtoes rested on surfaces wrth‘ -
: the thorax and abdomen more or less parallel to the surface, w1th only the
- probosc1s formmg a slight angle with the surface. ‘The whole surface from

the proboscrs to the legs was covered with scales of a umform brown'
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colour. In females the palps were shorter than the proboscis; in males the
palps'were.as long as the proboscis but were not swollen distally. The
scutellum was trilobed'and the scutellar setae wererestricted to those lobes.
Adults were recognized more by their lack of ornamentation. The tip' of the‘ ‘
abdomen of females was blunt and the cerci were retracted The claws of
’ all tarsi were srrnple and those of the hind tar31 were very small and all‘
tarsr had well developed ﬂeshy pulvrllr Narrow frmge scales were present_ .b
' on_alula of the wings. Postspirac_ul_ar brlstles and bristles in the.‘spr_racular

area were absent.

In general, females seemed to outlive males, but even their
_ longevity Varied widely according to climate, season and species. The o
B females surv1vmg winter hved for several months during the colder part of ‘

the year and a few weeks only in mldsummer (Horsfall 1972).
- 2.2.4.1. Culex tritaeniorlzynclzns ,

Giles established this species in 1901 for the first time. Later
Barraud - (1934) described them as very similar in appearance - to
Cx. vzshnuz Cx. barraudi, and Cx. whztez but usually smaller Mesonotum_
_un1formly clothed w1th dark brown scales Femora and t1b1ae dark brown,
| except under51de of femora Pale band on probosc1s of female often

. extended towards base on undersrde

According to Reuben et al. (1994) _C_x, itritaeniorhynichus- were
_ ’distinguished by the presence of erect scales on the vertex, accessory pale |
_ _patch on the ventral surface of proboscis proximal to median pale ring and ,

. the distinct narrow dark rmg distally in the hmd femur. -
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2. 3. MOSQUITOES AS VECTORS OF HELMINTH PARASITES

"Medical and | Veterinary Entomology dates back to 1878 when
' Patriek Mans_on discovered that filarial worms were transmitted by
rnosquitoes._ The ﬁrst‘ animal ‘species of helminth which was found to‘
require mosquito as an intermediate host was Diroﬁlarialimrhz'tis. ,Th'_is»was |

_established by Grassi_and' Noe in 1900 (Morgan_ ahd'Hawkins,_ 1 94}9)'. -

‘ In Indla ﬁlar1a51s due to Brugza malayz was recogmzed as a health I
| problem mainly of the coastal reglon of Kerala state, extendmg from
_.Karunagaplly in the south to Ponnani in the north Cherthallai in the
endemlc belt was con31dered as the hot bed of the disease. The vectors of-
bruglan ﬁlar1a51s in- Kerala were 1dent1ﬁed ‘as Ma. annulzfera,,
. Mdt zinz'formtfs and Ma. indiana (Tyengar, 1938). The more prevalent ﬁlarial _
. speeies_.'infecting man . in other- parts: of the “country was Wucherari&'

bqneroﬁi; o

Culex quin'quéfasbi‘atus the urban house mosquito' has been
mcrlmmated as a good. vector for D zmmztzs by Colu221 and Trabucch1
, (1968) o | | |

_ Ludlam et al. (1970) opined that over 36 neartic mosqultoes acted as
) potentral vectors of d1roﬁlar1asrs and the primary vector appeared to vary

_ greatly in relatlon to geographlcal drstrlbutron

 Verma ‘et dl. :(1_971) r_eported that species of Armigerrésh-could _ )

transmit Setaria digitata, the cattle filarial worm.
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Christensen (1977). studied the development and transmission of
D. immitis by Ae. trivittatus and suggested it to be a natural vector in

central Towa.

Aedes sz‘zcttcus and An. punctipennis were found to be the major

vectors of D. immitis in Lee County, Alabama (Buxton and Mullen 1980) "

Tolbert and Johnson (1982) dissected live mosqultoes to deterrnme .
| 'thc presence of 1mmature stages of heartworms in Macon : County, -'

Alabama. A total of 2549 mosquitoes representlng 51xteen spemes and ﬁve .

_genera were exammed Two per cent of the mosqurtoes collected were -

B naturally. infected w1th larvae of Dirofilaria. The infective larvae were_
found in the abdomen/thorax or the distal ends of the Malp1gh1an tubules _
| Although Cx. quznquefasczatus consisted of 20 | per cent of the mosqultoes f

- collected only 2.7 per cent were naturally 1nfected w1th D. zmmztzs

Hendr1x et al (1986) documented over 72 spec1es of mosqultoes as

‘ potentlal mtermedlate hosts for D. immitis

| Parker (1986) exammed 2885 mosqurtoes comprrsmg of ten specxes -

.1n four genera for filarial developmental stages in North Carohna USA L -

Nineteen mosqu1toes (0. 7%) commg under four spec1es were found to be .
: naturally mfected ' B |

- Involvement of Cx qumquefasczatus in the transmission of human

filariasis due to Wucherarza bancrofti was established in an endemic area .

of Or1ssa state in Indla by dissecting mosquitoes. Average L3 load per

| mfectlve mosquito ranged from 1.0 to 7.2, (Dash et al., 1998).
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” Culex erraticus, a llargely ornithophilic species was found to-
support D - immitis development (Afolabi et -al.1989). The .apparent .
tolerance of this species for D. immitis infection and its abundance during
_ hot dry months when most other mosqulto spec1es fa1led to thnve marked |

its potent1a1 asa vector

_ According to Wright et al; (1989) the micfo,ﬁlariae developed_to_the
~ third llarval stage in the Malpighian tubules of mosquitoes and subs"equently
migrated to the probosms through the body cav1ty Anlmals got mfected‘
through the wounds inflicted by mosqultoes

o A.-_r.nosquito sampling pfogramm_e was car_ried out by Aranda 'gt'al.

(1998) in Baree_lona, Spain with CO2 _light traps. Two thousand one female -

| mosquitoes belonging to three '-'genera and five species were. diss'eoted to
find the developmental stages of helmmth paras1tes Twenty per cent of the- |
| dogs sampled from the same area were detected to contain mlcroﬁlarlae |
but none of the mosquitoes sampled were found to harbour any
.-develop_mental stage of filarid worms. Culex quiﬁquefasciatus, the most
abundant species (94%)- collected was incriminated as a good vector for

- D. immitis.

Smgh et al. (2000) d1ssected 339 Cx. quznquefasczatus and.failed to-
ﬁnd any developmental stage of ﬁlar1a1 nematodes’ in Pathancot town of ~

Punjab.
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2. 3. 1 Dlroﬁ_laria repens Railliet and Henry, 1911

“The species was described by Railliet and Henry in 1911 from the

- 'subdermal tissues of dogs i in Italy (Sonin, 1985). It i 1s a common parasrte of o

dogs in Europe and A51a Development of D. repens up to the mfectlve N

_stage in Aedes. mosqultoes was first studied by Bernard and Bauche in

1913. The first moultmg occurred in the Malplghlan tubules-and mfectlve |
stage was reached by 10- 13 days Mosquitoes- of the genera of Aedes |
-_ Anopheles Culex, Arngeres ‘and Mansonza ‘have been conSIdered as’
potential vectors of D.repens. It was found that the duratlon of
'developm'ent depended on species of the 1ntermed1ate host and
temperature Microifilariae reaching the gut of mosqu1toes m1grated to the
’ body cav1ty within 36 hours and settled in the Malp1gh1an tubules for
) further development After attaining infective stage, the larvae mlgrated to -
| the - head -and mouthparts of mosquitoes. Infect1ve larvae were 995i 20'

microns long and 28+ 2 microns wide (Sonm 1985)

Anyanwu etllal. (2'600) established that out of the six_common

' _Spec_ies of mosquitoes c)'ccurring in Zaria, Ni_geria, Ae. aegypti was the only
species susceptible to D. repens. It was observed that the -rate‘l'.of
i_.develo'pment to infective larvae was faster in mosquitoes infected in July
when 'the _environmental temper_ature was high than in November when it-
was delayed for four more days. They further stated that the factors that
: determinedthe vector. species as a good transmitter of disease/parasite
' included the vast ava11ab1hty of vectors, longer l1fespan of vectors, and'
suscept1b1l1ty of vectors to paras1tes and the ab1l1ty of vector to feed on

'_ vertebrate host.
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The incidence of microfilariosis in dogs by examination of the
peripheral blood was found to be 13. 04 per. cent in Calicut (Valsala and
Bhaskaran, 1974) and 24.2 per cent in Thrissur (Saseendranath et ql.,
' 1986). No ‘specific staining procedure was adopted to identify the species
in\rolved. Eut- in a later study conducted in dogs of Ernakulam and Thrissur
 districts for a period of one year (Radhika, 1997) found that the prevalence
of microﬁlariOSis was 7.59 percent. Histochemical staining method was

employed to identify the species involved as D. repeﬁs.

Dirofilaria repens has been recorded from man from various parts

of.the world including 12 ca,ses reported from Kerala (Sabu et al.', 2,005)., o

' 2 4 EFFECT OF INSECTICIDES ON THE DEVELOPMENTAL i
STAGES OF MOSQUITOES

.'Many of the new groups of pesticides being used in tlre- 1990s were
S0 biologically active that they were appliedat the rates of grams or ounces
- per acre. MoSt of these compounds offered greater safety to the user and
the envrronment According to ‘Bohmont (1997) there are approxunately .
750 active’ chem1cal mgred1ents being formulated into about 25 OOO , |

' commer c1a1 prepar aIIOI’IS

© 2.4.1. Insect Growth Regulators

All compounds that regulate insect growth and development come ., L

under insect growth regulators (WHO, 1985). Juvenile hormones dH) and
| TH analogues instead of bemg directly toxic to target organisms disrupt the
metamorphosrs resulting in larval adult intermediaries that die w1thout.'

gammg reproductwe competence Chitin synthesis mh1b1tors mterfere with
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the chltin l)iosynthesis and its deposition during ecdysis resulting in insect
mortahty due to cuticular malformatlon IGRs are specific and do not
~ interrupt the natural regulatory mechanisms, they have become one of the |
.mtegral parts of IPM programme. IPM techmque in its s1mplest form 1s :
~ accepted as being a control strategy in which a varlety of blolog1cal
chemical and cultural control measures are combined to give stable long
term pest control. The three components of IPM include maximizing
nattlral 'control monitoring the ‘concentration of pests and natural control
factors ina glven area and selecting the’ approprlate techmques to suppress

~ the pest only when necessary
2:4:1.1. Diﬂub_enzur:on' (Dimilin) and Methoprene (Altosid) -

On testmg insect development inhibitors, Schaefer -and Wllder,

| (1972) observed much variation in mortallty between replicate tests run, at
| different times than among those for classical insecticides. The sensitivity
of larvae to a given compound varied with age in the fourth stage. It vvas :
further_ reported that. the earlier larval stages were less sensitive to insect’

: development_ inhibitors than the fourth stage.

Post and Vincent. (1973) reported Dimilin ‘as effective agalnst all'

| developmental stages of mosqu1toes in low concentrations and relatlvely o

safe to other orgamsms assoc1ated w1th mosqulto breedmg hab1tats

_ Hs10h and Steelman (1974) conducted a study to determme ‘the
| COmparatlve susceptlblllty of five msect development inhibitors - agalnst 12

~ species of mosqurtoes The susceptlblhty of each species within a genus

relattve to the type . of compound varied to such a degree that no
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comparative generalizations of genera susceptibility could be made. Some
species difference in susceptibility varied as high as 10,000 times among
compounds. Aedes sollicitans was the most susceptible species to all the
five compounds tested. The morphogenic effect of Altosid included fully
formed dead adults with hard cuticle, with appendages that remained
within the pupal case and abdomen that extended to the position hormally
held during ecdysis. All five compounds induced death of larvae, pupae
and pupal-adult intermediaries. Abnormal adults were also spotted. Failure
to successfully moult to the next larval instar was ascribed to a defect in the -
process 'of cuticle deposition. When all species were considered
collectively, Altosid killed 74 per cent of treated mosquitoes as pupae, 19

per cent as larvae and two per cent each as intermediates and adults.

When Mulla et al. (1974) evaluated four insect growth regulating
compounds against the developmental stages of Cx. quinquefasciatus and
An. albimanus, bulk of the mortality was found to occur interstadially

indicating the action of moulting toxins.

.According to Mulla and Darwazeh (1975), insect growth regulators
induced a variety of responses such as inhibition -of egg hatching, delayed
development in the larvae and pupae, discqloﬁration of cuticle of -
~ immatures and inhibition of adult emergence in the target organisms unlike

chemical_' larvicides which caused instant -mortality on application.

Two_formulations of Dimilin were applied at the rate of 0.08 and
0.016 ppm respectively to experimental ponds and the mosquito larvae and
some non-target organisms were sampled later (Mulla et al, 1975).

Decline in the population of 3" and 4™ instar mosquito larvae was apparént
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from two to eight days after treatment. Adult emergence was almost
completely inhibited up to at least eleven days post treatment. The non-

target organism population also was depressed shghtly, but recovered to

‘normal levels soon after treatment

Miura et al. (1976) observed that exposure of egg rafts of a
Cx quinquefasciati:s to diflubenzuron treated water induced abnormal side
hatching as well as ovicidal action. They further reported that during
normal hatching, a portion of the anterior end of the eggshell was forced
open transversely at a line of dehiscence, thus forming an egg cap. The
egg-cap was not commonly detached but hinged midventrally to the

remaining eggshell.

The ovicidal effect of diflubenzuron was first reported by Ascher
and Nemny in 1974. When mosquito larvae were exposed to
dlﬂubenzuron mortahty occurred during a moult in the pupal stage at
concentratrons lower than those resulting in larval mortality and in the
partial emergence of abnormal adults at still lower concentrations (Schaefer
etal., 1978). .

- Methoprene at the rate of 1.0 ppm was very effective in drains and
ditches where 80 per cent inhibition in adult mosquito emergence was
obtained (Self er al., 1978).

Methoprene was evaluated against three species of mosquitoes at the
- Vector Control Research Centre, Pondicherry (Das et al, 1981). At a
concentration of 2 ppm on larval instars, near total or total inhibition of

adult emergence was observed in all the three species. However, treatment
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) 'witn'the Same dose at the pupal stage could produce only six to ﬁfty per

cent inhibition in adult emergence.

,_Bha-k's:hi et al. (1982) evaluated the chitin synthesis inhibitors
diﬂubenzﬁron_ and penfluron against four species of ,mo'squito'es.
Diﬂubenznron was found more effective against Anobh’elines th'an‘
Cuhcmes The LCs 'values of diflubenzuron on 4® stage larvae ranged

| from 0. 00016 to 0.1 ppm 'The treatment did not cause much mortahty,‘

among the pupae. When fourth 1nstar larvae were treated larval and adult - '

mortahty contributed equally to the total mortahty Mortality occurrmg at

_ the mtermoult period was, attr1buted to the chitin synthe81s 1nh1b1t10n durmg '

moultmg_ stage.

Despite large number of insect growth regul_ators being available for
pest control, only juvenoid methoprene and chitin synthesis inhibitor
diflubenzuron have been cleared for use in mosquito control (Amalraj

et al., 1988).

Prakash (1992) found that 0.0075 ppm dlﬂubenzuron could 1nh1b1t.
50 per cent hatchabrhty in 0-6 hr old Cx. quznquefasczatus eggs whlle -

older eggs needed five times more dlﬂubenzuron to produce the same-

effect.

~ The LCSO values of methoprene and dlﬂubenzuron agamst
de. albopzctus were found to be 0.0011 and 0. 0003 ppm respectlvely ina
laboratory study conducted by Kawada (1993) '
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" In a study conducted by Krishnamoorthy e al. (1993) against the'
immatures of Mansonoides mosquitoes in Alleppy -District, Kerala using -
methoprene (Altosid), a decrease in larval density was observed in treated

‘ponds and the adult emergence was inhibited by 14, 21 and 28 days post
treatment at0.5, 1. 0 and 2 ppm of methoprene respectlvely . '

The differential suscep’ublhty of various 11fe stages of mosqultoes to
| certam chitin synthe51s inhibitors - viz.,, _diflubenzuron, penﬂuron ,

ethylpenﬂuron and Bay SIR 8514 was studied by Prakash ( 1993) All these

compounds caused moderate to high mortality in various life stages. The

mortality occurred durmg the larval or pupal moults and also at adult'

emergence indicating that the compounds inhibited. chitin synthes1s durmg - |

each moulting stage. The LC50 values of diflubenzuron (ppm) on the fourth

- stage larvae of four mosquito species tested were as shown below.

Species | - LC s in ppm
Cx. quznquefasczatus 0. 03466
- Ae.aegypti + . | 0. 00289
o An. stephensi =~ B 0.00122
" An. culicifacies R 0.00214

The LCsp values on the pupae of the above species ranged from 0.89
to 2.1 ppm. Fecundity of the females emerged from treated pupae was
considerably reduced, though no 51gn1ﬁcant effect was noticed on the egg

- hatchabxhty or larval survival of the F1 generatlon

Ah et al. (1995) observed that the LC s values of dlﬂubenzuron and
methoprene were 0. 00045 and 0.0022 ppm respectively agamst a
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laboratory populat_ion'of Ae. albopictus. They further observed that the
LCyo values for the same were 0.00084 and 0.0081 ppm respectively.. They
" ranked IGRS superior to pyrethroids, organophosphates and microbials in

their tox1c1ty to mosqurto larvae.

When methoprene pellets were applied to a Culiseta breeding

' swamp, the inhibitory effect on pupae exceeded 81 per cent over a ﬁve- ]

week treatment period as per the study by Woodrow et al. (1995)

' Methoprene and diflubenzuron were evaluated against mosquito
larvaev in the laboratory as well as in different breeding habitats in Tezpur, |
Assam hy Baruah and Das (1996). The LCs, valites _Of both the compounds
were  almost the same (0.0009 and 0.0011 ppm respectively) against o
Ae. albopictus and Cx;quz'-n’quefasiatus.' The LCyg values of diﬂubenzuron'
against the two species of ._mOSQuitoes 'were 0.0022 and 0.0027 _'ppmzand -

| those of nlethoprene were 0.0027 and 0.0022 ppm respectively In a field
study, at 0.2 ppm, both the compounds were found to ehmmate 92 to 96

per cent of Culex and Anopheles larvae.

Becnel et al. (1996) remarked that slow release pellet formulation of
: methoprene (Altosid) provided almost complete control of Ae. albopictus .
- adult emergence for 116 days It was found superior to Btz (Bacillus

thurzngzenszs zsraelenszs)

Ah ét al. (1999) evaluated d1fferent 1arv101des and- msect growth .
regulators against field collected Cx quinquefasciatus larvae from urbanv
"Dhaka Bangladesh and noted the LC 90 values of dlﬂubenzuron and
methoprene to be 0.0034 ppm and 0. 052 ppm respectlvely |
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2. 4. 2. Bacillus thuringiensis israelensis (Bti)

~ Fast et al. (19‘78). found that the spore-‘forming bacillus, Bacillus-
thuringiensia (Bf) was capable of producing proteinaceous inclusions
- during sporulation known as protoxins. They were insecticidal crystal
proteins (ICPs) requiring solubilization and activation in the insect mid gut.
When suSceptible lar\lae'ingested ICPs, the proton‘ins were solubilized in -
the. mid gut and bound to specific receptors on the surface of mid gut

epithelial cells to initiate the pathological changes.

’l"he Il first 'isolation' ‘of \“‘Bt was .by Ishiwata in 1902. How'ever' ‘the
development of Bt as a biopesticide stood in the shadow of successive
.chemrcal msectrc1des for a long period. In 1956, Angus, proved that the
msect1crdal activity was located in the parasporal 1nclus1on This initiated

~ the lookout for Bt strains with a potent endotoxin (Sudharam, 1996).

The "development of resistance against' most of -the chemical .
'inéeeticides and their well knoWn enviromnental hazards favoured
intensive research on Bt during‘ 1970 to 1980. With the isolation of a new
strain’ of Bt in Israel by Goldberg and Margaht in 1977 a new chapter was
- opened. Later, Barjac (1978) 1dent1ﬁed it as a new serotype (Hl4) and

named it after its origin, serovar israelensis.

The first report on the larvicidal effect caused by the toxin "of .
' Bacillus z‘hurzngzenszs on diptera was by Korzh et al (1977), who observed )
- that the ﬁrst stage larvae of Musca domestica and Stomoxys calcitrans d1d )

not develop further in manure heaps containing 100 to 500 ppm of Bt toxm
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Mulligan et al. (1978) evaluated Baczllus sphaerzcus Nelde strain
agalnst larval stages of mosqultoes in the laboratory and field and found it
-~ to be effective against Cx. tarsalis and Cr. qumquefasczatus without any

~ deleterious effect on non target organisms.

Larget and Barjac (1981) reported the extremely toxic effects of Bti

suspension on mosqultoes s1mu11ds and sand flies.

In é.p‘reliminary bstllldy. conducted to assess the effect of Bfi ‘on
mosquito larvae, Narsaiah and Jamil (1986) found that the sites of action of
’the-bacteria were between the r'espir'at_ory siphon and alimentary canal. The |
bacteriél strains multiplied in the alimentary canal and made th’eir' way to

. the head region. -

‘Significant variation in the response to- Bt (Bactiran) h_as" been
reported. against three'species of Culicine moéquitoes by Farghal (1987).
" The LCs ._values for the three species viz. Cx. pipiens, Culiseta

» longiar_céldta and Ae. caspius were 4.5, 44 and 100 ppm respectively.

Ali et al. (19'.95') while comparing pyr‘ethioids OPs- and . IGRs |

| »agalnst a laboratory populatlon of Ae. albopzctus claimed that Btz was more

effectlve economlcally

A liquid formulation of B#i (Acrobe) provided signiﬁcaht‘éc)ntrol' of
- de. albopictus for 47 days in North Central Florida (Becnel et al., 1996). -
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Skovmand et al. (1‘998) found that significant variations were seen
in the potency of Bti as a larvicide between laboratories. They tested: and
’cernpar_ed similar Bti products formulated by six..different compan_ies from
four different countries against' the internationalvstandard pOwde’r_[PS-SZ. |
_They atttibuted that variation to be associatedwith factors su__ch"as-_age,
stage and strain- of larvae used as well as 'the. a'rneunt and type of -fo_od

pto‘vided-te the larvae.

" Ponce et dl. (2002) conducted lab(')ratoryﬂbi_oassays to de_t'ermine.the-
" susceptibility of larvae of Ae. aegypti to VeetobacR c.ontaining Bti
(600 ITU/mg) The LCsoand LCys values were found to be 0. 0104 ppm and
0.18. ppm respectlvely The field dose was calculated at four times the LC50
values and in ‘the subsequent field study the larval populatlons ‘were |

7 -reduced to zero durmg the two week treatment perlod
2. 4. 3. Azadirachtin

~ Since mosquitoes and many other insects had “become
tesistant_ to pesticides, .heavy_ and frequent applications were required
 leading to problems of toxic residues contatninating the environment and
) adversely affectmg non target organisms. This dictated the need to develop
| safe, less expenswe and preferably locally avallable materlals for pest'

control.

Although the use of plant spec1es to control insect pests had been in
practlce for centur1es toa hm1ted extent, it was only recently that mterest |
k has been renewed in the pest management potentlal of natural products.

These products were the compounds that had evolved in plants for defence
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against ‘phytophago‘us insects. Berenbaum (1982) interestingly established
that these secondary plant products were actually coevolved with insects
 that would have exploited them as a food source. The modern researcher .

rnow has ‘the technology to exploit the propertles of some of these v

compounds and use them agamst potential pests.

' _ One group of compounds harbourmg 31gn1ﬁcant toxic effects on :
- pests has been d1scovered in the neem tree (Azadzrachta mdzca) The most -
~active - constltuent azad1racht1n a trlterpen01d was shown to. have ’
' ‘Vpropertles including feedlng- and ov1pos1t10n deterr_ence, repellency, growth
disruption; reduced fitness and sterility in a number of specics. of insect's'
- (Schmutterer, 1990). | n a

. Mong Ting Tan and Sudderuddin (1978) detected profound ovicidal
and -larvicidal' effects of neem extracts on diamond'bllack, fly. They n_Oticed -
inhibition of pupal development and presence of deformed. wings in the

surviving adults.

Attri and Prasad (1980) demonstrated that neem oil extract, a waste
byproduct of neem was an effective mosquito larvicide, causing complete
inhibition cof adult .emer_gence when applied to first stage larvae of

- Cx. fatigans at a concentration of 0.005 per cent. -

Bioassays against larvae of Ae. aegypti were conducted with neem
seed kernel extracts in water and organic solvents (Zebitz, 1984). Exposure o
of 4™ stage larvae resulted in a consp1cuous growth dlsruptlng effect,

' mamly during i 1mago development
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" Neem Azal a, proprietary.product deri:vec_l from neem .sée‘c'_i Kertiel
was evaluatéd as a potential means of control of Aé. aegypti (Boschi_tz and
"Grunew'alld,' 1994). Second, third and fourth stage larvae were .r._eared:"in_
 water icoritaining dif_ferent c_oncentratio.ns of Neem Azal ‘Continuous
 exposire to treated water induced moulting inhibition and mortality in all

 the I'afval instars tested. .

* Various neem pfodﬁcts_were tested by Su and Mulla (19_9.8_.) to
assésé their ovicidal propcrties' in differént species of mosquitoéé. When
the egg _reifts were: depoéite_d directly in fresh neem suspension and left
there for four hours beféfe being transferred to untreated water, 'c‘)-rié ppm of
: Azadirachﬁn produced alr’ndst cent per cent mdrtélity of eggs. Bés_ed on
: this"sf_udy, they demonstrafgd the potential of neem products vas ‘possible

ovicides against Culex larvae.

.'Elhé.ng_ et al. (2(_)01)_'studied'the effectof — methanolic  extracts
of necmv_s'eleds on the egg hatchability and _larval development of
Cx. -quinQuefasciatus. VI‘t was found to cause reductibn of egg hatchability, |
suppression of larval d_e_velo;ﬁnent, pUpatioﬁ ‘and adult emergence in
co_ncentfatibns as low as 0'..02'per‘c’ent. A'_remar_kable_ effect was ovbse‘rved.
on larvaé, which suffered 90 pér.cent_ mortality in neem extract of O.l\ﬁp_e‘r _
~cent. Only' 6.7 per cent of the llarvae rear_ed in 0.02 per cent ‘manavged to

reach pupal stage and none of the pupae emerged as adults.
~ 2.4. 4, Ethofenprox

- Ethofenprox is a non ester pyrethroid insecticide with comparabl'e'

toxicity and a similar mode of action to other pyrethroids. Yoshimoto
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et al. (1989) investigated the insecticidal properties of ethofenprox, a
compound developed as an insecticide. It was found to possess a number of
favourable ‘properties as low mammalian tox1c1ty hlgh compat1b1hty with
| other insecticides, low dermal, and eye irritation and Nno cross res1stance to

carbamates and organophosphates.

_Baktharatchagan ‘and David: (1991) eyaluated the 'efﬁcacy of
) ethofenprox (Trebon® ) against three species of mosquito larvae in the"
laboratory. Culex quznquefasczatus ‘was more suscept1ble than Ae. aegyptz
and An. stephensi. The residual act1v1ty agalnst culicine larvae was found |

to per51st in rice agro ecosystem even beyond ﬁve weeks

o Putsintseva et al ‘(19:92) found e’thofenb_rox as ‘ef:fe_ctive'v:__as
permethrin against cockroaches and bedbugs..-'When studied' against

- Ae. aegypti, the residual activity was found to prolong for one month.
They ﬁlrther reported that the 10 per cent flow concentration was officially
permitted only for the control of mosquito larvae in water not used for

: domestic' purposes.

" The LCs values for Trebon® (¢thofenprox) .'against

Cx. quznquefasczatus was 0 00579 mg/1 accordmg to Vasuk1 et al (1995) o

' No appreciable res1dua1 act1v1ty was noticed for th1s compound on the_
surfaces treated at the rate of 1 to 100 mg/sqm agalnst any mosqulto |

specres
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2.4.5. Deltamethrin -

Photostable synthetic . pyrethroids such as permeth_rin and
.deltame"thrin were recognized as potent alternative insecticides to replace
_ organochlor and organophosphate 1nsect1c1des 1n mosqu1to abatement'
programs due to their excellent larv1c1dal pup1c1dal and adulticidal

properties and remarkably low mammalian toxicity.

Ina study condncted by Chakraborti ef al. (1993) in Maharashtra, it
was found that the LCs, values of deltamethrin against five populations of
- Ae. albopzctus varied from 0. 0007 to 0.002 and the LCqyq values ranged,
from 0. 0022 to 0.01 ppm '

Sahgal ‘and  Pillai (1993) treated cggs of Ae. aegypti,
Cx quznquefasczatus and An. stephensz with permethrm and deltamethrin-.
and found that they caused moderate ov1c1dal activity, but 1nﬂ1cted delayed :
effects such as high larval and low pupal and adult mortality. Deltamethrm
was found to be ten tlmes more toxic as with permethrin against eggs"of
these mosquitoes. Egg lnortality did not exceed ._50 per cent even at the
 highest concentration (1 ppm) tried in the experifnent. The eggs were fonnd v
o be more to_lerant to the action of insecticides compared to larval stages. -
Insect eggs were covefed w1th shell, which differed biochemically from the-
integmnent of the larvae, which could be ascribed‘fo the diffelence 1n the

penetration of the insecticide through the eggshell and larval in_tegument .

S Ah et al. (1995) conducted bloassay of three pyrethr01ds vzz
permethrm cypermethrin and bifenthrin agamst a laboratory colony of

»f_'leld collected Ae. albopictus mosquitoes in Florida and found - the LCs
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 values as 0.00095, 0.0026 and 0.0052 and the LCyo values as 0.0031,
0.0079 and 0.0175 ppm respectively.

Generally pyrethroids 'were not recommended for use as mosquito

larv101des due to their effects on non target organisms. However =

pyrethr01ds as mosqulto larvicides mlght be- ut111zed in some hlghly
‘ lpolluted habitats where non-target orgamsms were of minimal or of no
: concern (Ah et al., 1999) Three pyrethro1ds were evaluated agamst ﬁeld."
collected Cx quznquefasczatus larvae in urban Dhaka, Bangladesh and’ the .
LCSO values ranged from 0.0001 to 0. 009 ppm while the L.Cqq values were
from 0. 00061 to 0. 021 ppm - ’ '

Ina study to assess the insecticide resistance in six strains of

- Cx. cjumquefasczatus mosquitoes from Mumbal city, India by Malnkar-
et aZ (1999) it was observed that both the larval and adult stages were
resistant to organochlor and organophosphate compounds. None of the

strains showed resistance to deltamethrin.

B Ansar1 and Razdan (2001) found that deltamethrm treated wmdow
and door curtains of houses could reduce An. Stephensz and Ae. aegyptz

| population by 88 to 93 per cent in Motibagh area of New Delhi.

To avoid selection pressure on immature stages of .mosquitoes
- (larvae and pupae) pyrethroid insecticides should never be used for_
1arv1c1d1ng, as they are invaluable adulticides (WHO 2002). Adult Culex
mosqu1toes are relat1vely more tolerant than other types of mosqultoes
_ »agamst most insecticidal apphcat1ons makrng adulticidal control of Culex

ineffective. In situations where Culex mosqultoes_ breed prohﬁcally in
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flooded drains and sites that could not be readily treated, larviciding could -
not be expected to have sufficient impact to reduce the. population,
p’articularly where monsoon climate and periodié flooding cause extensive

breeding sites to be unmanageable.

- -Ganesh et al. (2003) studied pyrethroid suséeptibility and enzyme
) activify 1n two malaria' vectors, An. stephensi and An. culicifacies f.rom‘
Mysore, India. They ’i"'werfe found to have in¢réased en‘z'y'm.e" activity
indicating tolerance to deltamethrin and permethriﬁ. The LC5Q and LCqy |
values of An. stephensi were 0. 00418 and 003358 ppm respectively while
that of An. "culicifac‘_ieéweré:‘_O. ()02(_)4 and 0.00893 ppm_ respcc:tively; . |



Materials and Method:
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3. MATERIALS AND METHODS

3. 1. PREVALENCE OF MOSQUITOES
3. 1. 1. Collection of Mosquitoes |
A 11 Locatioh and Periodicity of Collection

The mosquitoes resting on cattle and walls of cattle sheds from _ﬁve
Jocations noted below were collected between 7.30 and 8.30 p.m at
" monthly intervals ‘ o
1. K AU L1vestock Farm, Mannuthy
2. Osho Farm, Pattikkad '

3 Vinpi Nagar. Farm Nellikkunnu

" 4. City Farm, Dhanalakshmi Bank Road, Thrlssur
5. Surya Farm Ayyanthole

M_osquitoes .w.ere' also collected from human dwellih‘gs '. in the
\}icinity of dog houses. Data on temperature aud humidity during'_the petiod .
of study were ‘collected from the Department of Meteorology, ’Kerala
| - Agricultural University, Vellanikkara. '

3. 1. 1. 2. Method of Collection

“R‘esting' mosquitoes ‘were collected using test tubes (WHO, 1975)' |

The mouth of the test tube was applied perpendlcularly over the wings of
~ the restmg mosqultoes in such a way that when the mosquito was disturbed
| and attempted to fly, 1t ﬂew d1rect1y into the tube A thin card board was

' apphed to the mouth of the test tube before the tube was detached from the |

surface and plugged with a piece of cotton wool. Different types of |
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mosquitoes resting on the walls and body of animals were collected The
mosqultoes were brought to the laboratory and anesthetlzed with ether or
chloroform They were examined under a dlssectmg mlcroscope for the.
| dlffer_ent morphological pecuhantles enabling their identity (Chrlstophers,
' 1933; ‘Ba;rraud 1934; Reuben et al., 1994). Pooled samples of mosquifoesv
from each location were also sent to Vector Control Research Centre,

.vPondrcherry, for specific 1dent1ﬁcatron
3113 Preservation of Specimens

Speeimens were preserved in the dry state after pinning. Mosquitoes
-~ collected 'in_dividually in test tubes were killed with ether or chloroform.
They Were‘_ pinned with rninuten.entornological piné on the fhorox.-The pms :
were fixed on cork piece and enclosed in Speeimeri bottle taking care to
avoid contact of the spe01men with the sides of the bottle. A small grain of

| thymol was placed in the bottle to inhibit fungal growth
3. 1.1 4. Seleciion of Mos_quitoes as the Predominant Species
Thisfwas_‘do'ne using three _criteria_as suggested by Aﬁyanwu et al: (2000). :

1. The most abundant species in terms of number _
2. The rriosquito' species repeatedly collected' in substantial
numbers in each collection and | |
- 3. The most abundant species during a specific period or

throughout the year.
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3. 2. BREEDING AND MAINTENANCE OF MOSQUITOES UNDER
'LAB ORATORY CONDITIONS, '

The engorged female mosquitoes collected were brought to the
-‘-laboratory and released mto rearing cages (Fig.1 and 2). The mosqultoes -
were fed on 5 tol0 percent glucose solution contamed in small bottles'
- plugged with cotton wool wicks. About 2 cm of cotton wool was l__eft
' sticki‘ng IOut‘ of the solution on which the male and female mosquitoes
readily fed ‘The glucose solut1on was refreshed on alternate days. . When‘
egg. laymg was desired, pigeon enclosed in a _small compartmen_t was
placed inside tlre cage for_the females to feed_on..Cotton wool soaked 'in .

; water.vs}as also placed'in the cage 'to maintain adequate _humidi:ty..'
3. 2. 1. Collection of Eggs

Enamel trays filled with water were kept in the mosqulto cages. |

_ Eggs were collected every day wrth camel hairbrushes.
3.2.2. vPrepa-ra'tion of Artiﬁcial rearing pans

Hay'infusion was..used as the-rearing medium. It was prepared by
- keeping hay in a laucket of water for about ten' days in the open Later the
water was filtered and stored i in closed pet jars till use (Anyanwu 2003). |
The egg raﬁs were transferred to. the rearmg pans (Fig. 3) using fine haired
| brush The larvae were fed daily or on alternate days with small grams of
| yeast accordmg to requ1rement taking care to avoid the development of _

excess turbldlty The medium was usually changed two times in the course
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of a lifecycle. At Ly stage and at Ly stage, the larvae were washed and

transferred to fresh medium.
3.2 3 Biology of the Most Commonly Prevalent Species

The eggs, larval stages I, II, I and. IV and pupae ebt_ained by
rearing mosquitoes as described eatlier were collected, observed under the
microscope for morpholog1cal and morphometric studies. They were
allowed to grow in hay infusion and the emerged adults were let out in’
- small cages. The mosquitoes were fed on sugar solution and blood_as

described earlier. Selectedlnumber' of females were kept in rearing cages to

| observe their egg Iaying capacity.

33. SCREENING MOSQUITOES FOR THE PRESENCE OF
INTERMEDIARY STAGES OF HELMINTH PARASITES. -

3. 3 1. Dlssectlon of Mosqultoes '

3 3. ] 1. Preparatton of Mosquttoes for Dzssectton |

-Mo_squitoes we_re dissected to find out the presence . of 'he.l‘mir‘lthv
larvae, if ény. Dissection was performed on live mosquitoes e_oilected the
| preyieiJS .night from 'catﬂe sheds and human dvyell'ihgs in the vicinity of
. kennels They were 1mmob1hzed by placing the collectlon tube contammg.
mosqulto in the chill tray of the refrigerator for a few mmutes After
immobilization the insect was held by one ng_and the legs were pull_ed
- off one by one followed by the Second wing. Then the spe_cimen was
v p‘laced.on a slide and- the remaining wing was cut off with‘the dissecting -

needle.
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3. 3. 2. Dissection Proper

After preparing the mosquito as described above, the specimen Was
nplaced on a mlcroscope slide with the apex of the abdomen to the right. A
drop of physwloglcal sahne was placed at three spots on the slide and the
abdomen, thorax and head were separated into each. Each part was teased '
and dissected thoroughly 'with the help of a pair of dissecting_ needles and -
| examined under low and then high power of fhe mic_roscope_ to detect the

' presence' of helminth larvae in 'the contents- The helmint}r larvae When |
present were 1dent1ﬁed based on morphology (Yamagutl 1961; Sonin,
- 1985; Anderson 2000).

3. 4. EVALUATION OF NEWER GENERATION INSECTICIDES'ON
‘THE DEVELOPMENTAL STAGES OF MOSQUITOES

© 3.4. 1. Insecticides Used in the Study

3. 4. 1. 1. Insect Growth Regulators.

3. 4. 1. 1.1 Diflubenzuron (HILMILIN 25% WP) is an insect growth

regulator_’and isa product-of Hin_dus'ran_ Insecticides Ltd.

| 3 4. 1 1. 2. Methoprene (Altosrd 5% aqueous suspensmn) is a mosqulto
- growth  regulator and a product of Welhnark Internatlonal -

United States of America. | ' '

3 4.1.2. Othe_r Insecticides Used

3. 4.1.2.1. Bacillus thuringiensis var israelensis (HIL Bti .1.2% aqueous

- suspension manufactured by Becker Microb'i_al‘ product, Inc. USA and "

imported and marketed by H_ind_ustan Insecticides Ltd.
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~ 3, 4.1.2.2. Azadirachtin (Neem Azal 1% Emulsifiable Concentrate) is
marketed by EID Parry (India) Ltd. |

3. 4.1.2.3.  Ethofenprox (Primo 10% Emulsifiable Concentrate) is a
| product of SEARL Agrochemicals, India (N ow, RPG Life Sciences Ltd.).

3 4. 1 2.4. Deltamethrm (Butox 1.25% Emulsifiable Concentrate) is a
product of Intervet Laborator1es Indla Ltd.

3.4.2. DeVelopmental Stages of MoSquitoes Used in the Study '

CitZex trztaenzorhynchus mosqultoes were colomzed in- the"'
.laboratory as mentioned prevrously and the eggs L v and pupae were
collected from the colony for the study. Each experlment was repeated four

~ times and the mean values were subj ected to statlstlcal analys1s
3.4.2.1Eggs -

. The freshly 1a1d eggs not older than twelve hours were used for the
study To obtain such eggs pans were kept 1n the rearing cages m the |
_y-evemng and the - eggs lard there were used for ‘the study .in. the next'
mormng Each raft of eggs was drssomated carefully with a ﬁne harred--
brush on a piece of filter paper and transferred to water in a cavity b_loek.
 The eggs were counted and pipetted out under a dissection microscope and
' transferred to plastic disposable cups in which the various insecticides were

added - at " different concentrations. After twelve hours the eggs were

- repeatedly washed and placed in an equal volume of fresh water. They
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were observed for hatching after twelve hours. Each treatment with a water

control was duplicated and the test was repeated thrice.
-3, 4. 2. 2. Fourth Stage Larvae
- The larvae were p1petted out from the larval pools Ten larvae each
were counted and transferred to dlsposable cups  containing the vanous
| msectlc1des at different concentrations for further observatton. Each. '
treatment with a water control was duplicated and the test was repeated
four times. | | ' |
3.4. 2. 3. Pupae

The freshly formed' pupae were collected from the larval pools for |

the study In each concentratlon of insecticide, ten pupae were used Each" -

treatment with a water control was dupllcated and the test Was repeated

' thncet |
3.4.3. Experimental Medium -

'The'me'dium used was 100 ml of stored tap water. When.the‘
expenments were w1th larvae, hay 1nfus1on was also used. Small qua.nt1t1es
of dog biscuits and yeast at the ratio of 3:1 was added into the medium
~ according to requirement takmg care to avo_1d excess turbidity of the

medium.
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3. 4. 4. Observation of Results
3.4 4 1. Eggs

The medium containing the eggs was pipetted out after tWeré_ hours
and _‘the eggs were repeatedly washed with fresh water to remove any trace |
of the insecticide‘and the medium was replaced to the origirial level. The
number of eggs hatched was counted from the next mommg onwards The -
hatched eggshells were examlned for any abnormahty in the type of hatch.
Unhatched eggs were counted as ‘dead. The number of eggs exh1b1t1ng
abnormal hatchlng (part1a1 hatch, side hatch etc. ) was also noted. ' '

344 2. Fourth Stage Larvae and Pupae

* The larval stages ‘were observed for any;.r:nortality from the _nexf
morning enwards. The dead larvae and pupae We'reremoved. The mouth of
the plastic cup was covered w.ith_ thin muslin cloth to prevent the flying
away of emerged adrllts' and later they were released into small rearing
cages to observe their surv1va1 They were fed on 6 per cent sugar solutlon
initially and later on plgeon blood. The number of adults emerged were
also noted by counting the pupal exuviae. Emerged adults unable to leave
the cups were also counted as dead. Percentage of successful'pupation and
adult emergence were determined until all adults had emerged or all larr/ae

" were dead.
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3. 4. 4. 3. Statistical Analysis
3. 4. 4. 3. 1. Correction for Control Mortality

‘In each experiment, controls were also kept and the corrected

mortality was obtained by using Abbot’s formula (Busvine, 1971).

Po-Pcx 100 _
Pt= ————  where
100- Pc

Pt = Corrected mortality
Po= Observed mortality
Pc= Control mortality, all in percentages.

All experiments in which the control mortalities eﬁceéded 20 per
cent, the data were rejected. For each iﬁsecticide the concentrations giving
at least two values each below and above 50 percent, mortalities were
obtained by repeated experiments. LCsg and‘LC90' were estimated from the
mortahty data by probit analysis of log dosage usmg SPSS (Statlstlcal

Package for Social Sciences).

p = atbx where, | p = probit
a = intercept
b = regression coefficient

x = log dose
3. 4. 5. Cost of Application in Unit Volume

The ﬁeld dosages were calculated as four times the LCs on 4t stage
larvae (Ponce ef al., 2002) Based on this, the quantlty of the preparations

requlred for applylng in one lakh litres of water and 1ts cost was calculated.



Fig. 2. Small Rearing Cage
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Fig.3. Mosquito larval rearing pan
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Fig. 4. Climatic conditions recorded at Vellanikkara
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4. RESULTS

4. ‘1. PREVALENCE

The area of the study was warm and humid with temperatures
ranging from 17 to 38° C. The average annual rainfall during 2002 and
2003 was 2263 mm from both the Southwest and Northeast monsoons.
N Maxunum number of ra1ny days occurred from May to October w1th two to

three dry months betw_een December and February (Flg. 4),

- The different species of mosquitoes collected at monthly intervals

from-the six locations during the calendar year 2002 are shown in Table. 1.

A total of 1087 mosqu1toes were collected for the 1dent1ﬁcat1on of

vspec1es They were identified into 27 spe01es under seven genera The
dlfferent genera in the order of prevalence were Culex (67.1 %) Mansonza‘
(14 3%) Anopheles (8.9%), Armigeres (6.9%), Aedes (2.5%), Ochlerotatus
(0.3%) and Toxorhynchites (0.1%).

The farm wise prevalence of various species is shown in Table 2 to
6. Maxnnurn numberof species were obtained from Osho Farm, Pattikkad
(15) followed by Vinpi Nagar (14), KAU Livestock Farm, Mannuthy (11),
Surya Farm'(8) and City Farm (7). The ge‘mis Culex vpredominated(67.“1%)
followed by Mansonia (14.3%) and Anopheles (8.9%).

The specres of mosqu1toes 1dent1ﬁed from human dwelhngs is given
in Table 7. While 36.4 per cent of the collection from human dwellings

 constituted Cx. quinquefasciatus, 34.5 per cent were Ar. subalbatus.



Table 1. The overall prevalence of mosquitoes collected from Thrissur
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Genus No Percentage
A. Culex
1 Cx. tritaeniorhynchus 468 43.1
2 Cx. gelidus - 153 14.1
3 |Cx. pseudovishnui 63 5.8
4. |Cx. bitaeniorhynchus 10 0.9
5 |Cx. sitiens : 4 0.4
6 .|Cx. sinensis 4 0.4
7 Cx. infula 4 .04
8 |Cx.vishnui 1 0.1
9 - |Cx. fuscocephala 1 0.1
10 |Cx. brevipalpis 1 0.1
11 | Cx. quinquefasiatus 20 1.8
' Total ' 729 67.1
B. Mansonia '
1 . |Ma. uniformis 137 12.6
2 Ma. annulifera 12 1.1
3 Ma. indiana 6 ~0.6
Total 155 14.3
C. Aedes :
1 . Ae. albopictus 10 0.9
2 |Ae. vittatus 15 1.4
3 |Ae. vexans 1 0.1
4  )Ae. lineatopennis 1 0.1
Total 27 . 2.5
D. Anopheles
1 An. peditaeniatus 65 6
2 An. nigerrimus 17 16
3 | An.jamesi 7 0.6
4 An. tesellatus . 4 0.4
5 | An. jeyporensis 3 0.3
6 .| An. barbirostris -1 . 01
| Total 97 8.9
E. Armigeres -
1 Ar. subalbatus 75 6.9
- Total 75 6.9
. {F. Ochlerotatus B
1 Oc. pulchriventer 3 0.3
- Total 3 0.3
.|G. Toxorhynchites
1 |To. splendens 1 . 0.1
Total 1 0.1
. Grand total 1087 - 100
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Table 2. Mosquito species colleéted from K.A.U Livestock Farm, Mannuthy

Percentage _

Species No.
1 Culex tritaeniorhynchus . 164 64.3
2 Cx. gelidus 20 7.8
3 Cx. pseudovishnui 13 5
4 Cx. infula ' 2 0.8
5 Cx. fuscocephala 1 © 04
6 Armigeres subalbatus 15 5.9
7 Anopheles peditaeniatus 17 6.7
8 An. nigerrimus 6 2.4
9 - |Mansonia uniformis 13 5.1
10  |Aedes vittatus 3 1.2
11 |Ae. lineatopennis : 1 “0.4
-|Total 255 . 100
Table 3. Mosquito species collected from Osho Farm, Pattikkad
Species No. Percentage
1 - |Culex tritaeniorhynchus 83 43
2 Cx. gelidus 28 14.5
3 Cx. pseudovishnui 14 7.3
-4 Cx. sitiens 4 2.1
5 |Cx.infula 2 1
- 6 - |Cx. sinensis 4 . 241
7 - {Armigeres subalbatus 6 + 3.1
8  |Anopheles peditaeniatus 15 7.8
9 An. jamesi : 4 - 21
10  |An. jeyporensis 3 1.6
11 |An. tesellatus 1 0.5
12 |Mansonia uniformis - 22 11.4
13 |Ma.indiana 1
14 |Aedes vittatus - 2 1
15  |Ochlerotatus pulchriventer 3 1.6
Total 193 100
Table 4. Mosquito species collected from Surya Farm, Ayyanthole
Species No. Percentage
1 Culex tritaeniorhynchus 99 49.5
2 |Cx. gelidus 41 20.5
3 |Cx. pseudovishnui 14 7
4 - |Armigeres subalbatus 3 15
5 - |Anopheles nigerrimus 4 2
6  |Mansonia annulifera 12 6
7 |Ma. uniformis 23 11.5
8 Mn. indiana 4 2
" |Toftal 200

100



Table. 5. Mosquito speéies collectéd from Vinpi Nagar, Nellikkunnu
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Percentage

Species . No.
1 |Culex tritaeniorhynchus 56 274
2 -|Cx. gelidus ' 24 - 116
3 Cx. pseudovishnui 17 8.2
4 - |Cx. bitaeniorhynchus 10 4.8
‘5 |Cx. vishnui 1 0.5
6  |Armigeres subalbatus 17 8.2
7 - |Anopheles peditaeniatus 17 8.2
8 An. nigerrimus - 6 2.9
9 |An.jamesi 3 1.4
-.-10  |An. barbirostris . 1 0.5
11 |Mansonia uniformis 38 18.4
12 - |Aedes albopictus 6 .29
13" [Aedes vittatus 10 - 4.8
14  |Ae. vexans 1 0.5
Total 207 100
Table 6. Mosquito species collected from City Farm, Thrissur =
Species No. Percentage
1 Culex tritaeniorhynchus 66 37.3
2 Cx. gelidus 36 20.3
3 Cx. pseudovishnui 2 1.1
4 Armigeres subalbatus 15 85 |
5 Anopheles peditaeniatus 16 9
- 6 ]An. tesellatus 3 1.7
7 Mansonia uniformis 39 22
Total ' 177 100
Table 7. Mosquito species identified from human dwellings
Species , No. Percentage
1 |Culex quinquefasciatus 20 -36.4
2 Cx. pseudovishnui 3 5.5
3 Cx. brevipalpis 1 1.8
4 Cx. gelidus 4 7.3
5 Armigeres subalbatus 19 34.5
6  |An. nigerrimus 1 1.8
7 |Aedes albopictus 4 7.3
8 Mansonia uniformis 2 55
-9 |Toxorhynchites splendens 1 1.8
: Total 55 100




- 52
VThe_v generic préval'er‘lce of mosduitoes colblec.ted during the Survey_ is-
given in Fig. 5. The 27 different species of mosquitoes identified belonged
-to ‘sve\ken genera as shown in Table 8. Culex quinquefasciatus, the southérn
house rhosquito, very abuhdantly present in human dwellings was ‘v_ir_tually'
absent in all cattle farms. Armigeres subalbatus was equally distributed in
cattle farms as wellas human dwellings. A single specﬁnen of

To. splendens alone could be collected from a house in the present study.

Tabie 8. Nlimbef of speciés of mosquitoes identified under different g_erieré

Generic name | Number of species detected.
Aedes 4
Anopheles : ' 6
Armigeres 1
Cilex 11
'Mansonia | 3
Ochlerotatus ' 1
Toxorhynchites o 1
| Total | T 27

4.1. 1. Family Culicidae

| -‘All mosquitoes cafne undér the family Culicidae. They were very
- slender ﬂles with elongate p1ercmg proboscis and with no ocelli. Legs were
long and antennae were densely plumose in the males and pllose in the
females. The whole body, legs and wings (Fig. 6) were in part, or entirely,
qlothed with scales. Mosquitoes belonging to ‘three subfamilies could be

cqllected viz. Toxorhynchitinae, Anophelinae and Culicinae.
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4.1. 1. 1. Subfamily Toxorhynchitinae

4. 1. 1. 1. 1. Female Toxorhynchites (Fig. 7 & 8)

Only a single female fly was collected. It was a large éolourful_

mosquito and was easily recognized by the possession of a 'proboscis that
| was recurved. The antennae were pilose. The species was identified as
Toxorhynchites splendens based on the descriptions of ’Barraud; 1934. This
was the lafgest mosquito collected and was identified by the preseﬁce of
well developed lateral tufts‘ of yellow, black and orange hairs on terminal
abdominal segments. The terminal tarsal segments of the fore and hind legs
were without white markings. Mesonotum was without a continuous pale
border; abdomen with conspicﬁous iateral tufts of hairs on VI to VIIL

They were incapable of sucking blood.

4.1. 1. 2. Subfamily Anophelinae

4. 1. 1. 2. 1. Female Anopheles (Fig. 9)

* The abdomen was entirely or mostly devoid of scales. They rested
with the body at an angle to the surface, that i‘s with proboscis and
- abdomen in a straight line. They had dark and pale scales on the wing veins
arra’ngéd: in' blocks 6r specific areas to form distinctive spotted pattern
(Fig.lO A & B). The antennae were pilose. The palps were as lbng as‘ the
proboscis and lay close to it. The scutellum was rounded posteriorly and
had setae along the edge. The six species of  Anopheles mosquitoes
collected were An. peditaeniatus, An. nigerrimus, An. jamesi,

An. tesellates, An. jeyporensis and An. barbirostris in the order of

prevalence.
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4. 1. 1. 3. Subfamily Culicinae

They were mosquitoes of variable size. Proboscis flexible and
nearly always uniformly slender and not hooked. Palps of females were
much shorter than proboscis. Scutelium more or less trilobed and ‘with
three separate groups of bristles. Abdomen with tergites and sternites
covered with scales that usually lay flat on the surface. All the other_

species of mosquitoes (20) collected belonged to this subfamily.

4.1.1.3. 1. Culex female

The scales on the body were narrow and not metallic coloured.
There were no distinct patterns on the body. The abdomen was blunt
ended. Pre spiracular and pc')st"spiracular areas were without bristles. The
tarsi had well developed puivilli. The méxir_num number of i species

collected in this survey (11) belonged to this genus.

4. 1. 1. 3. 2. Aedes female (Fig. 11 A & B)

‘The scales were narrow. There were usually silver coloured patterns
on the body. The abdomen was pointed at the end. Tarsi appeared banded
due to the presence of silver coloured scales. Post .s‘piracular bristles were
present. On the hind legs the first segmeht of the tarsus was shorter than

the tibia. .The stem vein of the wing had bristles on the ventral surface.
4.1. 1. 3. 3. Armigeres female (Fig.12 A)

Moderate in size and robustly built. Not usually highly ornamented,

but otherwise resembled Aedes in external morphology and structure.
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Scales of head were broad and flat. Proboscis rather stout, slightly curved
downwards towards tip, the curved part somewhat laterally flattened (Fig.
12 B).. Abdomen somewhat tapering, segment VIII partially retrac_;tile;

Armigeres subalbatus was the only species that could be collected.

4. 1. 1. 3. 4. Mansonia female (Fig. 13)

Adult_é frequently had thé legs, palps, wings and body covefed with
a mixture of dark and pale scales giving the insects a rather dusty
appearance. This speckled pattern of scales gave the appearance of pepl-:)er‘
and salt. The scales on the wing veins were rather broad and often
| ésyfnn_ietﬁcal giving th_efn an almost heart shaped appearance (Fig. 14 A

- and B). Tarsal claws were simple and pulvilli were absent.

4.1.1. 3. 5. Ochlerotatus felhale

This was a subgenus under the genus Aedes till 2000 when, Reinert
elevated it to the rank of a genus based on the morphological peculiarities
of the genitalia. The female genitalia had the insula lip like, bearing well

developed setae laterally.

4.1.2. Most Cdmmonly Prevalent Species

4.1.2.1. Culex tritaeniorhynchus (Fig. 15 A & B)

Culex tritaeniorhynchus was identified as the most commbnly
prevalént species in cattle sheds baéed on the parameters suggested by
Anyanwu (2000). Of the 1032 mosquitoes collected from all the farms
during the survey, 468 (45%) v?eré Cx. tritaeniorhynchus. In the farm wise

prevalence of various species of mosquitoes also, this species was more
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pfevalent than all other species (Table 1 to 6). The percentage prevalence
varied from 27.1 to 64.3 whereas for other species of mosquitoes the

highest was 20.5 per cent.

4. 1. 2. 2. Morphology

They were relatively small sized mosquitoes and were identified by
the dark brown scaling on the vertex and scutum énd the accessory pale
patch basal to the pale band on fhe ventral surface of the proboscis (Fig 16
A) There was a narrow aplcal dark ring on the hind femur (Fig. 16 B). The:
male mosquitoes measured 4.13 mm (4 to 4. 32) long and the probosc1s was
1.51 mm (1.46 to 1.59). The females were slightly shorter measuring 4.09
mm (3.78 to 4.23) long and the proboscis was 1.47 mm (1.37 to 1.55).

4. 2. BREEDING AND MAINTENANCE OF MOSQUITOES IN THE
LABORATORY

Culex tritaeniorhynchus, identified as the 1ne$t commonly prevalent
species in cattle sheds was successfully colonized in the laboratory. The
blood fed females collected individually in tubes were released into the
rearing cages The cages were kept in wooden cupboards to maintain
temperature and humidity. They started laymg eggs within two to three
days. The egg rafts were carefully removed with fine haired brushes. Each
raft eontained 77 to 166 eggs with an average of 117. The average number
of eggs laid .in the laboratory by a female after a full blo.od meal was
caleul_ated as 42. It took 36 to 72 hours for the eggs to hatch. The lafvae
were reared in hay infusion and adequately provided with larval feed.
There were four larval instars and apupal stage. The time for development

to the next stage was almost equal ranging from 24 to 48 hours. The total



57

" time for adult emergence from eggs ranged from seven to eighteen days.

The measurements of the various larval stages are as shown in Table; 9.

- Table 9. Measurements of the larval stages of Cx. tritaeniorhynchus

Larval - . Length in microns _
stage Head | Thorax | Abdomen | Total length Siphon
" L1 205 | 176 884 1268 293
L2 326 | 308 1443 2077 512
L3 | 476 | 433 1884 2789 , 774
L4 | 642 | 728 3367 4732 1447

4.2.1. Eggs (Fig. 18 A & B)

Eggs were broWnish, long and cylindrical, laid upright on the water
surface and placed together to form an egg raft that comprised of 77 to 166
eggs with an average of 117 eggs per raft. The operculated end of the eggs
was placed upright in the raft. The eggs measured 566-595/137-156
(AV. 585/145) microns. | o

4.2.2. Larvae (Fig. 17A,B,C & D)

The larvae were legléss having a bulbous thorax wider than both the
head and the abdomen. The head was well developed with a pair .of
- antennae and a pair of compound eyes. Prominent mouth brusheé were
present to 'sweep in food-particles to the mouth. The thorax was round in
outline and had manyv conspicuous sirhplé and branched vhairs. The
abdomen was distinctly segmented and had nine visible segments. Each
segment had simple and branched hairs. The last segment had two paired
groups of long hairs forming the caﬁdal setac and a larger group of hairs
forming the ventral brush. There were no abdominal palmate hairs or tefgal

plates. Four anal gills were present at the tip of the last segment, which was
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at an angle to the long and slender respiratory siphon. There was a four to
five times increase in the size of the larvae as it moulted to the 4™ stage.
The larvae were identified by the presence of four siphon tufts each with
two to five branches (Fig. 19 A & B). The comb scales were apically
rounded (fan shaped) and fringed with sub equal spicules (Fig. 20 A & B')T

4.2. 3. Pupae (Fig. 21)

Pupae were comma shaped. The head and thorax were combined to
form the cephalothorax measuring 1.37-1.55/1.59-1.73 mm (Av.
1.44/1.62), which had a pair of respiratory trumpets. The abdomen:
measured 2.78 —3.19 mm (Av. 2.99 mm). The abdpmen had ten segrﬁents.
Each segment had numerous short hairs and the last segment terminated in
- a pair of oval and flattened structures called paddles. In between the
paddles, was a small pouch like projection cont_aining the ‘deyeloping
external genital process of the adult. The female pubae had srﬁaller pouch
containing the cerci, while in thé male pupae the pouch was bigger as it
contained the claspers of the male genitalia (Fig. 22 A & B). The
developing structures of the adult mosquitoes such as a pair of compoundb
eyes, folded wings, legs and proboscis could be seen fhrough the
integument of the cephalothorax. The pupal period lasted for two to three

days. Male mosquitoes always emerged first.

4.3. DISSECTION OF MOSQUITOES

~ The number of mosquit¢¢§ collected exclusively from cattle sheds
and dissected dliring the calendar years 2002 and 2003 are presentéd in
Table No. 11. No helminth larvae could be noticed in any of the

mosquitoes dissected. = -
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Details regarding the dissection of mosquitoes collected from
 human dwellings/in the Vicinity of dog houses are presented in Table No.
12. Larval stages of helminths were found in two mosquitoes. One
| Armigeres mosquito was found to harbour 56 sausage shaped larvae in the
Malpighian tubules (Fig. 23 A & B). The average length of the larva was
246 microns and maximum width was 29.5 microns. One Culex mosquito
was also fo_und to hafbour‘ five third stage (iﬁfective) larvae. The éver_age
length was 1075 microns and maximum width was 44 microns. They were
identified as second stage and third stage larvae of D. repens (Fig. 24 A &
B) based on morphology (Yamaguti, 1961; Sonin, 1985; Anderson, 2000).

Table 10. Details of mosquitoes dissected from Cattle sheds

Genera Mosquitoes dissected Results
Culex . 749 No helminth larvae detected
Anopheles 166 - .
Armigeres : 11 . v
Mansonia ' 35 ’s
Aedes’ | 40 . .
Total 1001 Nil

Table 11. Details of mosquitoes dissected from human dWellings/in the .
* vicinity of dog houses :

Genera Mosquitoes dissected | ° Results

Culex - 454 1 positive for helminth larvae -
Anopheles 1 ' No helminth larvae detected
Armigeres - 506 1 positive for helminth larvae
Mansonia 10. No helminth larvae detected
Aedes - 48 No helminth larvae detected
Total | 1019 2 positive cases detected
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4. 4. EVALUATION OF NEWER GENERATION INSECTICIDES ON
THE DEVELOPMENTAL STAGES OF MOSQUITOES

4.4.1. Eggs

The vres.p(‘)nse of eggs exposed to various concentrations of the
- insecticides are shown in Tables 12 to 16. The probit curves (Id-p lines) are
presented in Figs. 30 to 35. The LCsp and LCqy values of various

insecticides on the eggé of Cx. tritaeniorhynchus is given in Table 17.

4. 4. 1. 1. Insect Growth Regulators
4.4.1. 1. 1. Diflubenzuron (Hilmilin)

One hundred per cerit_ non-hatchability Was obserVed at a
concentration of 300 ppm. While at 10 ppm, it was 21.6 percent. Hatching
abnormalities included non-hatch, side-hatch and various types of partial

hatch. The L.Csq was found to be 38. 2658 while the LCqy was 197. 9877
| ppm.

4.4. 1. 1. 2. Methoprene (Altosid)

Methoprene was found to have no actiori on the hatchability of eggs
A concentration of 500 ppm (10000 times the LC100 on 4" stage larvae)

was found to mduce no 1nﬂuence on hatchablhty
4.4.1.2. Bacillus thuringiensis israelensis (Hil Bti)

Cent percent non hatchability was noticed at a concentration of 200
ppm. At 5 ppm the egg mortality was 18.3 per cent. Hatehmg abnormahtles
- included non hatch, side hatch, and various types of partial hatch. The LDso
was 21. 7252 while the LDgy was 110. 5554 ppm. |
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Table 12. Effect of diflubenzuron on the eggs of Cx. tritaeniorhynchus

Concentration Number of eggs Percent | Corrected
(ppm)- Hatched Not nop- non-
hatched. | Datchability | hatchability
10 47 13 21.6 216 .
20 44 16 26.6 26.6
40 - 31 29 48.3 . 483
80 23 37 61.6 61.6
100 o 11 49 . 816 81.6
- 200 7 53 88.3 88.3
300 Nil - 60 100 100
Control 60 - Nil - -

Table 13. Effect of Bti on the eggs of Cx. tritaeniorhynchus

Concentration - Number of eggs Percent Corrected
(ppm) Hatched Not non- non-

‘ o hatched hatchability | hatchability
5 49 11 | 183 | 183
10 45 15 | 25 25
20 34 26 43 | 43
50 ’ 20 40 33.3 333
- 100 6 54 90 90~
200 Nil 60 100 | 100
Control 60 Nil - -
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Table 14. Effect of azadirachtin on the eggs of Cx. tritaeniorhynchus

, , Number of eggs Percent Corrected
n- non-

Con(ige;g;tm Hatched | Not hatched hatcgi;bility hatchability
50 53 | 71 | 116 11.6
80 43 17 283 28.3
100 26 34 566 56.6
150 8 52 8.6 | 866
200 2 58 96.6 96.6
300 ~Nil 60 100 100
Control 60 Nil - -

Table No. 15. Effect of ethofenproxbn the eggs of Cx. tritaeniOrhynchus

Concentration Number of eggs | Percent Corrected

(PPm)  aiched | Not non- -non-
' hatched | hatchability | hatchability

0.05 55 5 8.3 83
0.10 49 11 18.3 18.3
020 | 37 23 | 383 38.3
0.40 24 36 60.0 60.0

0.50 10 |. 50 833 83.3

1.00 1 59 1983 983
200 | Nil | . 60 100 100
Control 60 | Nil . -
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Table 16. Effect of deltamethrin on the eggs of Cx. tritaeniorhynchus

Concentration Number of eggs | Percent Corrected
(ppm) Hatched Not non- non-

_ hatched | hatchability hatchability
0.005 .47 13 . 216 21.6
0.010 39 21 35.0 35.0
0.050 34 26 433 433
- 0.100 25 35 - 58.0 58.0
0.500 17 43 . ' 71.6 71.6
1.000 8 52 86.6 86.6
2.000 Nil 60 100 100
- Control 60 Nil - -

Table 17. LCsgand LCq values of various insecticides on the eggs of

Cx. tritaeniorhynchus

Insecticide - LCsoin - | Range LCyyin Range
ppm ' ' _ppm .

Diflubenzuron | 38.26575 25-53 | 197.98773 126-434
Methoprene -- -- -- --

Bii 21.72520 14-31 110.55540 67-267
Azadirachtin 93.37866 86-101 | 163.50408 147-188
g Ethofenprox 0.23482 | 0.18-0.31 | 0.76112 0.54-1.32.
Deltamethrin 0.04814 | 0.02-0.10 | 1.57149 0.56-11.28
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4.4. 1. 3. Azadirachtin (Neem,Azal)

At a concentration of 300 ppm, 100 percent non hatchability was
observed. At 50 ppm the egg mortality was 11.6 percent. Hatching
abnormalities noticed included non hatch, side hatch and various forms of”

- partial hatch. The LCs, was 93.3787 while the LCq was 163.5041 ppm.

4. 4. 1. 4. Ethofenprox (Primo)

When the eggs were exposed to ethofenprox at a concentration of
2 ppm, 100 percent non hatchability was observed. At 0.05 ppm the
per cent mortality was 8.3. Hatching abnormalities were minimum. The

LCso was 0.2348 while the LCyy was 0.7611 ppm

4. 4. 1. 5. Deltamethrin (Butox)

- Cent percent non hatchability was observed at 2 ppm while, 0.005
ppm deltamethrin induced 21.6 percent mortality. Hatching abnormalities

were minimum.
Typical symptoms of toxicity on eggs in general were observed as

1. Unhatch — failed to hatch, apparently' embryo died before hatching
(Fig. 25 C). | |

2. Abnormal hatch — larvae eclosed from a longitudinal line of
weakness at the mesal dorsum of the eggshell (Fig. >26 A).

3. Partial side hatch — larvae died during eclosion (Fig. 26 B & 27)‘
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Such eggs had

a. Head capsule free, but caudal end still in the shell
b. Caudal end free, but head capsule still in the egg shell, or

c.. Thorax and abdomen free, but head and caudal end in eggshell.

Unhatched eggs were fouﬁd to contain quy developed embfyos that
failed to hatch, apparently died just before hatching, S_egmentatibn, :
eyespots and setae were visible through the eggshell. In somé cases, larvae |
eclosed from a longitudinal line of weakness at the mesal dorsum of
eggshéll, which was different from normal hatch. All the control eggs
completed hatching by 36 hours while the expos'_ed eggs required more
time for hatching. In normal hatch, a portion of the anterior end of the egg
shell was forced open transversely at a line of dehiscence forming an egg
cap that ‘was not corhpletely detached but hinged to the remaining shell
(Fig. 25 A & B). | | "

4. 4.2. Fourth stage Larvae

The effect of various - insecticides in the 4" stage larvae of
Cxﬁtritaeniorhynéhus is given in Tables 18 to 23. The LCso and LCg
values are presented. in table 24. The probit‘ curves (ld-p lines) are

represented in Figs. 30 to 35.
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Table 24. LCsq and LCyq values various insecticides on the 4 stage larvae

of Cx. tritaeniorhynchus

LCso (ppm)

Tnsecticide Range (ppm) | LCoo (ppm) | Range (ppm)
Diffubenzuron | 000023 | 0.00014-0.00036 | 0.00407 | 0.002-0.009
Bi 622577 | 4151074 | 2081060 | 11.7-60.07
Methoprene 0.00068 | 0.00034-0.0014 | 0.00673 | 0.003-0.039
Azadirachtin | 4.68681 337587 | 849508 | 6581815
Ethofenprox 0.00819 | 0.0053-0012 | 0.03931 | 0.023-0.117
Deltamethrin | 0.00209 | 0.0015-0.003 | 0.00654 | 0.005-0.012 _

4.4.2.1. Effect of Diﬂubenzuron

_ - The effect of diflubenzuron on the 4™ stage larvae is shown |
in Table 18. Cent per cent emergence inhibit_ion was noticed at a
concentration of 0.02 ppm of diﬂubenzuron'while' 0.00001 ppm produced

11 percent mortality. The LC50 was calculated as 0.00023 ppm while the

i LCgo was 0 00407 ppm.

Pupation was considerably delayed in the treatment group‘s"Whi_le_,ih
the control groups, adults started emerging from the 3" day onwards. In all
concentrations of d1ﬂubenzuron above 0. 01 ppm, no pupa was formed even
on the 7™ day of exposure. In the control groups, emergence was completed
by the 7" day with majority of the adult eclosion occurring on the 4“‘, 5t
© and 6‘th days. The larvae and pupae were found to be generally dechitinized
and deformed The part1a11y eclosed adults were seen trapped in the pupald
- skin in varying forms. The successfully emerged adults surv1ved for few

days than the control mosquitoes. In general, the treatment caused

significant mortality during the larval stage than - the plipal stage. The
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females erierged from larvae exposed to a concentration of 0.0001 ppm or
more of diflubenzuron did not lay eggs. The eggs laid by females eclosed
from larvae exposed to lesser concentrations. exhibited lower hatchability

uvhen compared to the cor_ltrols. -

- 4. 4.2. 2. Effect of Methoprene .

Complete inhibition of emergence was vp.rod_uced at a concentration-
of 0. 05 ppm of methoprene. The LCsp was calculated as- 0.0006‘81.'ppm
while the vL‘C90‘ was 0.00673 pprh based on the probit analySis of data
obtained. Though' mortality occurred at the larval stage, pupal stage vor at
eclosmn to the adult stage, bulk of the mortahty was recorded at the pupal'
'stage when larvae were exposed to methoprene The period taken for
pupation was relatively long when compared to the control. The
“mosquitoes unable to fly away were also recorded as dead. D_ifferenttypes _’
of deformities were ‘:.noticed like decolorization, failure of 'eclosion, 'cr

partiaI eclosion. While all the control larvae moulted to the .pupal stage,

. some of the methoprene treated larvae remalned as larvae for a longer tlme §

dependmg on .the concentratlon of the msect1c1de In certain cases the

treated larvae remained as such w1thout moultlng up to the 8™ day It was o

~also observed that some of the larvae and pupae had turned pale or wh1t1sh
Some of the mosqultoes died wh11e emergmg from pupal exuviae and such‘
half emerged adults were trapped in dlfferen_t conditions (Fig. 3BA& B).
- When the larvae were exposed to a concentration of more than vO 0001 ppm
of methoprene the adults which emerged did not lay eges. The eges laid
by females emerged from larvae exposed to lesser concentrat1ons '

- exhibited lower hatchability than the control.
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4.4.2. 3. Effect of Bti

The effect of Bti on the 4™ stage larvae are presented in table 20.
Total emergence inhibition was.noticed at a concentration of 24 ppm of Bt
and 5 pereerlt mortaliry was noticed at 0.6 ppm. The LCso was assessed as
6,2258' ppm while, the LC90 was 20.8106 ppm. Mortality occurred at the
larval or pupal stage depending upon the concentration. That is more larvae
were dead when the concentration was high and vice versa. There was no
difference in the longevity of the successfully emerged adults in the'
treatment and control groups. The longevity of females emerged from
larvae exposed to various concentrations of B/i was lesser when compared
to the controls. Very few eggs were laid by them When the concentratlon‘

~of Bti was 3.6 ppm or more, no egg laying was observed
4. 4. 2. 4. Effect of Azadirachtin

The effect of azadirachtin on the 4™ stage larvae are presented in
Table 21. One hundred per eerrt mortality was effected at a concentration of
10 ppm. At 3 ppm of azadirachtin, 20 percent mortality was seen. From the
probit analysrs data, the LCs was found to be 4 6868 ppm whrle the LCg()-
was 8.4851 ppm. Pupation was delayed for more than 3 days while in the
* control group pupation was over by 3" day. Mortahty occurred at the larval 7.
stage or pupal stage. But much of the mortality oceurred in the larval stage.
The- successfully emerged adults in the treated groups survived for less_er
- period when compared to dthe adults emerged from the control group. When
the larvae were exposed to.a concentratlon of 5 ppm or more of.
azadlrachtm the females emerged from them did not lay eggs. The‘ |

hatchab111ty of eggs from the other experrmental groups exposed to lower

concent_ratlons was zero.
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4. 4.2. 5. Effect of Ethofenprox

The effect of ethofenprox on the 4™ stage larvae is shown in Table
+22. One hundred percent emergence inhibition was recorded at 0.05 ppm.
while, while 0.002 ppm ethofenprox produced 14 per cent mortahty The
LCsp was calculated as 00082 ppm and the LC 90 was 00393 ppm.

_ .Mortahty occurred at the larval or pupal: stage depending on the
concentratlon of ethofenprox used. The adults emerged from larvae -
exposed to . various concentratlons of ethofenprox surv1ved for lesser

| periods when compared to the controls. Such females did not lay eggs
4.4.2. 6. Effect of Deltamethri_n

The effect of deltamethrm on the 4" stage larvae are shown in
! Table 23. The probit analys1s data are presented in Fig. 40. Cent percent.
mortahty was recorded at a concentration of 0. 01 ppm while at O 0005 ppm
five percent mortality was recorded. The LCy. and LC90 values from pr.obrt
_analysis data were 0.00209 and 0. 00654 ppm _respectively. 'Mortality}
occurred. at the larval or pupal stege, depending on the concentration of
deltamethrin used. The survival of adults in the _treéted and cont_rol'group
- did not show much variation. Females emerged from larvae exposed to a

~concentration of 0.002 ppm or more did not lay eggs.
- 4.4, 3, Effect on pupa

 The pupal stages o__f mosquitoes do not feed though they move-
actively. All the six insecticides were tried for their effect on pupae. “The
various concentrations producing mortality rates between 10 and 100
: percent were found out for each insecticide and presented in Tables 25 to

30 These values were further subjected to prob't ana1y31s to compute LC50 ’
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and LCq, values and are shown in Table 31. The probit curves (Id-p lines)

are represented in Figs. 30 to 35.

4. 4. 3. 1. Insect Growth vRegulators _

The insect growth regulators exhibited varying degrees of activity
against pupae. The exposﬁre time to the IGR before eclosion was minimum
and hence larger concentrat_ion_s_ compared to 4“‘_ stage larvae were required -
to produce mortality in the pupal étage. ConseqUently the -LCSQ and LC90

were relatively much higher than those obtained for 4™ stage larvae.

4.4. 3. 1. 1. Effect of Dlﬂubenzuron

A concentration of 5 ppm produced 30 per cent mortahty wh11e 400
ppm of diflubenzuron was required to effect cent per cent mortahty. The

LCs and LCqy were found to be 28. 77 ppm and 489. 73 ppm respectively.

4. 4. 3*. 1. 2. Effect of Methoprene

- Cent per cent mortahty in pupae was produced at a concentration of-
20 ppm wh11e 0.05 ppm caused 18 per cent mortahty The LC50 and LC90
obtained through problt analy51s were 0.2286 and 6.2518 ppm respectlvely

4.4, 3.’2." Effect of Bti
Though Bri is a knoWh endotoxin lproduc.ing its effe‘cf | by. the
consumption of the toxin, when bupae were exposed to Bfi, a concentration
of 24 ppm produced 17 per cent mortality, while 200 ppm was required to
produce cent per cent"mortality. Through probit analysis, the LCsb and L_Cgo |
 arrived at were 66. 68872 and 187. 3660 ppm respectively. |
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4.4.3. 3. Effect of Azadirachtin

Twenty per cent mortaliiy among pupae was caused by 2 ppm of
"azadirachtih_ while cent pef cent mortality was produced by a. co‘ncentra’gion»
of 12 ppm. The LCs and LCy obtained through’ probit analysis were
45036 and 11. 3119 respectively. |

4.4.3. 4. Effect of Etho’fenproxl |

v'When pupae were 'eXposed to 0.02 ppm of ethofenprox 10 per cent
mortalxty was produced; whlle 5 ppm could effect cent percent mortahty _
The LC50 and LCsg values on pupae were 026044 and 191214 ppm |

’respectlvely
© 4.4.2.5. Effect of Deltamethrin

When pupae were exposed to a concentration of 0.001 ppm of
deltamethrin, 19 per cent mortality was produced.while, 0.05 ppm could
kill the ent'ire'populatibn. Based on probit analysis the LCsq and LCy were

- computed as 0.00209 and 1.9121 ppfn respectively.

- In general, at ﬁigher concentrations of the insecticides, the pupae‘
died within the»pupal" exuviae or in still lesser ceﬁeentratiohs the eclesed
adults were unable to ﬂy away as they were c_aught attached to the pupal

 exuviae (Fig. 29 A & B). The longevity and the other biological pafam.eters._ '

| of the ,adulfs emerged were mileh higher than thoee obtained ‘for the 4™ |

stage larvae.
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| Table 31. LCsq and LCy, values of various insecticides on the pupae of
Cx. tritaeniorhynchus

[~ Insecticide LCsg Range - LCqp Range

| (ppm) (ppm) (ppm) (ppm)
Diflubenzuron | 28.77353 | 12.33-53.81 | 489.73381 | 2013478
Methoprene | 022858 | 0.09-043 | 625179 | 289235
Bii 6668765 | 3483-10786 | 18736604 |  114-907
Azadirachtn | 450358 | 325-588 | 1131192 | 8.16-22.31
Ethofenprox | 026044 | 0.16-042 | 191214 | 1025557
Deltamethrin | 0.00382 | 0.0031-0.005 | 0.02016 | 0.015-0.0298

4. 4. 4. Comparison of Effective Values of Insecticides on Different

Stages of Cx. tritaeniorhynchus

The LCso and LCy, values of each insecticide on the different stages

are compared and presen_ted in Tables 32 and 33.

From Table No. 32 it can be seen that the least concentration of

insecticide to produce 50 per cent mortality was when they were applied

againsf_ 4”‘_: stage larvae. The concentrations of IGRs to produce 50 per cent’

mortality in larvae were minimum while several thousand multiples of

these insecticide concentrations were needed to produce the same effect on

pupae and eggs.

The LCso values on larvae and pupae were almost the same in case

of azadirachtin. That is the same concentration when used could produce

similar mortality in larvae as W_ell'as pupae. But 20 times of the LCs, was

needed to cause S0 per cent non-hatchability in eggs.
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In case of deltamethrin, slightly higher concentrations than LCsy on

larvae could produce the same effect on pupae while a 23 ‘times

concentration was found to produce 50 per cent non—hatchabiliiy of eggs.

‘While methoprene” had noaction on the eggs

of

Cx. tritaén'iorhynchus, three hundred and thirty nine times concentration of

LCs on larvae was needed to produce the same effect on pupae.

Table 32." Comparison of LCs, values of various insecticides on eggs
larvae and pupae of Cx. tritaeniorhynchus

- LCs values in ppm
Insecticide Eggs 4% stage v :
: : Larvae - Pupae .
*X ' *X
‘Diflubenzuron | 38.265508 167244 0.0002288 - | 28. 7732483 | 125743
Methoprene - - 0.0006738 0.2285781 { -339
Bti 21.7253912 | = 33 6.6076021 66. 6887168 10
Azadirachtin 93.3783344 20 4.6867982 4.5035887 | - 1
Ethofenprox 0.2348346 29 0.0082146 | 0.2604370 | 31
Deltamethrin 0.0481368 23 0.0020853 0.0038200 1.8
* Multiples of larval LCs,
Table 33. Comparison of LCy values of various insecticides on the eggs,
larvae and pupae of Cx. tritaeniorhynchus
Insecticide LCgq values in ppm :
Eggs *X | 4" stage Larvae Pupae *X
Diflubenzuron 197.9877 | 48290 | 0.0041 489.7338 119447
Methoprene - -- 0.0067 6.2518 933
Bri 110.5554 5.3 |20.8106 187.3660 9
Azadirachtin 163.5041 19.2 8.4951 11.3119 1.3
Ethofenprox 0.7611 19.3 0.0393 1.9121 49
Deltamethrin 1.5715 242 0.0065 0.0202 3.1

* Multiples of larval LCy,
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Table 34. Order of relative - toxicity between insecticides on eggs- of
Cx. tritaeniorhynchus based on L.Csq values

Sl. No | Name of insecticide LCs *Relative toxicity

%1 De¢ltamethrin 0.0481368 Most effective
2 Ethofenprox 0.2348346 - 5X '
3 |Bti 21.7253912 451X
" 4 | Diflubenzuron - 38.2655082 795 X
5 - | Azadirachtin - 93.3783344 1940 X
6. | Methoprene No effect No effect
* In comparison to the most toxic insecticide

When the efﬁéacy of the various insecticides were compared based
on LCgp values it was seen that proportionately higher concentrations were

needed to produce the same effect on eggs as well as on pupae.

The order of relative toxicity of insecticides when used 'against eges,

larvae and pupae are presented in Tables. 34, 35 and 36 respectively.

Table 35. Order of relative toxicity of insecticides on the 4™ stage larvae of
Cx. tritaeniorhynchus based on LCsg values

S1. No | Name of insecticide | LCsy *Relative toxicity
1 | Diflubenzuron . 0.0002238 ~ Most effective
2 | Methoprene . 0.0006738 | 3X
3 Deltamethrin 0.0020853 9X
4 | Ethofenprox 0.0082146 36 X
5 Azadirachtin 4.6867982 20,377 X
6 Bti 6.6076021 27,055 X

~ * In comparison to the most toxic insecticide
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. Table 36. Order of relative toxicity of insecticides on the pupae of
Cx. tritaeniorhynchus based on LCsy values

mo Name of insecticide | LCs, - *Relative toxicity
1 Deltamethrin 0.0038200 ' Most effective
2 | Methoprene 0. 2285781 | 60X
3 | Ethofenprox 0.2604370 68X
4 | Azadirachtin 4.5035887 1179 X
5 | Diflubenzuron 28. 7732483 7532 X
6 |BH | 66. 6887168 17,458 X

* In comparison to the most toxic insecticide

The insecticides used in this study are serially numbered according
to the order of toxicity based on the LCyy values obtained when applied
. against eggs, 4t stage larvae and pupae. These are presented in tables 37,

38 and 39.. _

Table 37. Order of relative toxicity of insecticides on the eggs of
Cx. tritaeniorhynchus based on LCyq values

SL No | Name of insecticide LCyy Relative toxicity'
1 - | Ethofenprox 0.7611 - Most effective
2 Deltamethrin® 1.5715 : 2X
3 ‘Bti , ' 110.5554 | 145X
4 Azadirachtin 163.5041 215
5 Diflubenzuron 197.9877 260
6 Methoprene - No effect No effect

* In comparison to the most toxic insecticide -
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Table 38. Order of relative toxicity of insecticides on the 4th_stage larvae
of Cx. tritaeniorhynchus based on LCy values

F-ST,T\IO Name of insecticide LCyy *Relative toxicity
1 Diflubenzuron 0.0041 Most effective
FkZ Deltamethrin 0.0065 16X
3 Methoprene . -0.0067 1.7X
4 Ethofenprox 0.03931 9.7X
5 Azadirachtin 8.49510 - 2087 X
6 |Bu 20.8106 5113 X

* In comparison to the most toxic insecticide -

Table 39. Order of relative toxicity of insecticides on the pupae of

Cx. tritaeniorhynchus based on LCy, values

Name of insecticide

S1. No LCy, Relative toxicity
1 Deltamethrin 0.0202 Most effective
2 Ethofenprox 1.9121 95 X
3 Methoprene 6.2518 310X
4 Azadirachtin 11.3119 561 X )
5 | B 187.3660 9294%X
6 | Diflubenzuron 489.7338 23499 X

* In comparison to the most toxic insecticide

4.4.5. Cost of Application in Unit Volume

~ Field dosages were calculated four times thé LCsg va_lues on larvae.

The cost of application of the various insecticides in one lakh litres of

~ water was calculated based on this and are shown in Table 40.
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Table 40. Cost of application of different insecticides in a unit volume of

water
., Cost of
Sl No. Insecticide MRP Field dosage application/
(Rs.) (ppm) 1 lakh litres (Rs.) |
L. Hilmilin 375/100 g 0.00092 1.38
i (Diflubenzuron 25%) | :
2 Altosid 255/100 ml 0.00272 . 13.87
(Methoprene 5%)
3 © HILB&G | 105/100 ml 2491 2179
(Bti 1.2%) , > ‘
4 Neem Azal 87/100 ml 18.747 1630
_ (Azadirachtin 1%) |- ' ‘
5 Primo 75/100ml | 0.03276 0.03
(Ethofenprox 10%) | o
6 " Butox - ~77/100ml | 0.00836 - 0.51 -
(Deltamethrin 1.25%) | : ’ ' '

When the MRP alone was considefed, ethofenprox was found to be .
the chéapest insecticide, costing Rs.0.02/- per one litre of water followed
by deltamethrin (Rs. 0.51/-). The most expensive one was Bti (Rs. 2179/-)
followed by azadirachtin (Rs. 1630/-). Among the IGRs, diflubenzuron was
much cheaper (Rs. 1.38/-) than methoprene (Rs. 13. 87/-).
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Fig. 5. Generic prevalence of mosquitoes (%)
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Fig. 6. Mosquito wing clothed with scales



Fig.7. Toxorhynchities splendens female

Fig. 8. 7o. splendens female mouthparts
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Fig. 10. Anopheles wing
(A. Photograph. B. Camera Lucida drawing)



A B

Fig. 12. Armigeres Female (A. Gross B. Mouth parts, Camera Lucida Drawing)



Fig. 14. Mansonia Wing. (A. Photograph B. Camera Lucida Drawing)

38



A

Fig. 16. Culex tritaeniorhynchus (A. Mouth parts B. Hind Femur)
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Fig. 17. Culex tritaeniorhynchus larvae (A - 1s
C - 3rd Stage and D-4th Stage)



Fig. 18. Culex (A-Egg raft, B-individual eggs)

Fig. 19. Cx. tritaeniorhynchus larva - siphon tufts
(A-photograph, B- Camera lucida drawing)
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A B

Fig. 20. Cx. tritaeniorhynchus larva- comb scales (A-photograph. B-camera lucida drawing)

Fig. 21. Cx. tritaeniorhynchus pupa
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Fig. 22 Cx. tritaeniorhynchus pupa posterior pouch (A-Male, B- Female)

Fig 23. Second Stage Larva dissected from mosquitoes (A-photograph, B-camera lucida drawing)
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Fig. 24. Third stage larva dissected out from mosquito
(A- photograph, B-camera lucida drawing)

A B C

Fig. 25. A. Before hatch B. Nommal hatch C. Unhatch



Fig. 27. Partial hatch

Fig. 28. Pupal exuvia
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Fig. 29. A. & B. Partial eclosion
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Fig. 30. Probit curves (1d-p lines) of diflubenzuron on Cx. tritaeniorhynchus
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Fig. 31. Probit curves (Id-p lines) of methoprene on Cx. tritaeniorhynchus
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Fig. 32. Probit curves (1d-p lines) of Bti on Cx. tritaeniorhynchus
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Fig. 33. Probit curves (ld-p lines) of azadirachtin on Cx. tritaeniorhynchus
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Fig. 35. Probit curves (Id-p lines) of deltamethrin on Cx. tritaeniorhynchus
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5. DISCUSSION

5. 1. PREVALENCE

Although around 3450 species of mosquitoes under 37 genera are
known t_cS exist globally (Alan Walker, 1994), only 369 species. cor_ﬁing
under 21 genera have been reported from India (Rajavel, 2004). The
epidemiology of vector borne diseases is related to the vector distribution
in each area and h,encve the species identification of this medically"
important vector deserves much attention. In the present study 27 species
under seven genera namely, Aedes, Anopheles, Armigeres, Culex,
Mansonia, Ochlerotatus and T oxorhynchites,  belonging to. the three
subfamilies (Toxorhynchitinae, Anophelinae and Culicz’nae) of mosquitoes

could be identified.

However, only a single fgmale specimen was found in the subfamily
Toxorhynchitinae. Since tfle collection in the present study was réstricted
to dusk, the non-biting species of mosquitoes such as the Toxorhynchites
are unlikely to enter houses/animal houses especially during the evenirllg‘
hours. The species w.as_identiﬁéd as To. splendens. This in fact was the
largesf and most colourful of the entire collection. Barraud, 1934 also
described it as the largest Indian species of mosquito known. The proboscis-
was recurved and it was 1ncapable of sucking blood. It does not requlre

further description as they have nelther medical nor vetermary importance.

The genus Anopheles is the single blood-sucking ge_nus known
under the subfamily Anophelinge. The six - species of Anopheles
mosquitoes collected in the present study were An. peditaeniatus,

An. nigerrimus, An. jamesi, An. tesellatus, An. jeyporen.éis, and
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An. barbirostris. When _mosquitb populationis were observed, Anoph"eles
spp. could be spotted in relatively large numbers a few days after rains. The
study carried out by Prakash (1998) in Assam also revealed that the density
of Anopheles was significantly correlated with the monthly rainfall and
high prevalence in monsoon months. This is because Anopheles breeds in
fresh water unlike other mosquitoes, which breed in polluted/contaminated

water.

As per the Malaria Research Centre Report, 2004, fifty eight species
of Anopheles are known to occur in India. Of this, seven.‘ have been
incriminated as vectors of mélaria. An interésting' _'observation _Was that
none of the medically 'import.aﬁt vectors of malaria was theré in the
collections made during the current study. It is also worth mentioning: that
in the collections/observations made in human dwellings during vth‘e period .
of reséérch, only a single specimen of Anopheles mosqﬁitb could: be
- collected. This observation will justify the relative absence of malaria in
the state though it is highly endemic in the neighboring states of Tamil
Nadu, Karnataka and Andhra Pradesh. |

The genus Culex accounted for 67.1 per cent of the entire collection
followed by Mansonia, Anopheles, Armz"gerés,» Aedes, Ochlerotatus and
Toxorhynchites. Eleven species‘Qf Culex r_nosquitoes.were identified in‘the.
present study. Culex tritaeniorhynchus was the most predominant species
forming 43 per cent of the mosquitoes collected from cattle sheds. Kulkarni
(1986) found this as the most abundant mosquito species fc')rming 36 ‘per'
~ cent of the total collection in the study carried 6ut in Goa. Schreiber et al.

(1988) also found Cx. tritaeniorhynchus as the most prevalent species



105

caught in surveillance traps when mosquito population trends associated

with dairies were studied in Southern California.

Under the génus Aedes, 61 Species hﬁve been reported from _Indié SO
- far (Rajével, 2004). HoWeve_r, only four species were obtained in the
present sfudy. Aedes mbsquitoes are more exophilic and diurnal in their
habits and this could be the reason for the relative low prevalence of this -

genus in the present study.

The number of species under the genus Armigeres reported from
India so far comes to sixteen. But the present study could identify only a

single species, Ar. subglbatus.
5. 1. 1. Kerala

Compiling from the scanty studies carried out in Kerala on the
species prevalence of mosquitoes (Daniel. e al, 1986; Mariappan et c.zl.,‘
1996; Mariappan et al.,, 1997; Hiriyan, et al., 2003; Sabesan ef al., 1991;
Arunachalam et al., 2004), 46 species under ten genera have been reported.

This includes different species under various genera as shown in Table 41.

The present study revealéd only seven genera such as Aedes,
Anopheles, Armigeres, Culex, Mansonia, Ochlerotatus and Toxorhynchites.
Though ten genera have been reported from Kerala, the occurrence of
Toxorhynchites has not been reported in any- of the previous Stﬁd‘ies. The
reason for this might be that the previous workers concentrated on
mosquitoes of medical importance and could have missed the non biting

Toxorhynchites.
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Table 41. Number of genera and species of mosquitoes recorded

from Kerala (Compiled)
Sl No. Genera Number of species
: recorded
1 Anopheles : 11
2. | Aedes _ 5
| 3, Culex | p 17 ‘
4. Armigeres ‘ 1
5. Mimomyia 2
6. Mansonia 3
7. Uranotaenia 4
8. Orthopodomyia 1
9. Ficalbia 1
1 10. Coquilettida 1
Total - | ' _ 46

All the other species except Ochlerotatus have been reported from
Kerala 1n the previous studies. It may be remembered that Ochlerotatus
was elevated to the genus status only recently mainly based on the-

morphology of the gemtaha (Reinert, 2000).

Culex species represented 77 per cent of the total collection made in’
Kuttanad Kerala with Cx. trztaemorhynchus as the most dominant among
them representing 63 per cent (Hiriyan et al., 2003). Mariappan et al
(1997) and Arunachalam ef al. 7(’2004) also found Cx. tritaeniorhynchus as
the most abundant species as ih" the present study. Culex quinq_izefa_scz'atus,

the southern house mosquito, very abundantly present in human dWellings
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was virtually absent in all cattle farms despite the very close location of
some of the cattle sheds to human dwellings. Reuben et al. (1994)
indicated the strong anthropophilic nature of this species.

Though 16 species of Armigeres were known to occur in India, only
a single species, Ar. subalbatus, has been reported from Kerala. This
species alone could be detected in the preserit study also. They were larger
sized biting mosquitoes and were detected in all the localities incl.uding
human dwellings. The prev.alen‘ce in different locations varied from 1.5 to
8.5 per cent in cattle sheds and 34.5 per cent in human dwellings.
Mariappan et al. (1997) recognized them -as the predominant nuisance
mosquito in‘Kochi. The blood fed females could be easily recognized on
the walls of the cattle sheds owing to their large size. They were aiso_
present in large numbers around dusk in human dwellings and were a

major biting nuisance.

Three species of Mansonia were known to Qccur in Kerala as early
as 1938 which were ihvolved in the transmissioﬁ of brugian filariosis
~ (Iyengar, 1938). The same three species alone could be identified in the
present study also. Mdnsom'a uniformis was present in all farms and human
dwellings, while Ma. indiana could be coll_écted from two farms only,
and Ma. annulifera from Surya Farm alone. ‘Only two specimens of
Mansonia mosquito (Ma. uniformis) could be seen in human dwellings.
Daniel et al. (1986) found that more than 60 per cent of the total
collections in Trivandrm city were Ma. uniformis.. They collecfed
mosqﬁitoes from a cattle shed in the vicinity of a canal with much aquatic
plants that' were the breeding sites of Mansonia sp. Mansonia uniformis,.

Ma. annulifera and Ma. indiana - the three speciesbf Mansonia described
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- by earlier workers (Iyengar, 1938; Sabesan et al., 1991; Krishnaamoorthy
et al., 1993; Hiriyan et al., 1996) from different parts of Kerala _albne could
be identified in the'presént'sur'\(ey. These three species are known vectors
of human filariosis due to Brugia malayi widely prevalent in certain

pockets of coastal Kerala.
5.2. BREEDING CULICINE MOSQUITOES IN THE LABORATORY

The highly prevalent species of mosquitoes found in cattle sheds-
identified as Cx. tritaeniorhynchus was bred in the laboratory. In many of
the previous studies carried out, various species of Aedes mosquitoes or
Cx. quinquefasciatus were maintained in the laboratory, as much of the
work waé in relation to human hosts. In tropical countries when
temperature and humidity are high, b.reeding'occurs at a fastef rate (10 to
14 days). When temperature was low especiaHy during June- July and
November- December, the period for emergence of adults from eggs took
up to 18 days. To regulate temperature and humidity, the rearing units were |
" kept inside wooden cupboards and the life cycle could be completed in 10
to 18 days. The engorged adults were found to lay eggs by 48 to 72 hours.
The éggs_ hatched by 24 to 36 hours. Each moulting took 48 to 72 hours.
From a population of pupae, the first ones to _emerge were always males.
Horsfall (1972) and Service (1980) also reported the life span of
mosquitoes in tropical countries to take a period of one to two weeks. The
characters descri_bed for the eggs, larvae and pupae of mosquitoes by"the

above authors agreed with the observations made during the present work.
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5.2.1 Culex tritaeniorhynchus

The accessory pale patch basal to the pale band on the v.entral
surface of proboscis and: the narrow apical dark ring on the hind femur
were the characters used to idehtify the most commonly prevalent species,
Cx. tritaeniorhynchus. The fourth stage larvae were identified by -the
apically rounded (fan-shaped) cb_mb sbales fringed with sub equal '>spicu1es
and weak siphonal tufts having two to five branches as described by
Reuben et al. (1994). | o

'53.SCREENING MOSQUITOES FOR LARVAL STAGES OF
.~ HELMINTHS | | |

Though 1001 mosquitoes belonging to five genera namely, Culex,
Aedes, Armigeres, Anopheles énd Mansonia collected from cattle sheds
were dissected to ﬁﬁd developmental stages of helminth parasites, none
Was found infected. The helminth larvae expebted to exist in them can only
be those of Setaria cervi, a relatively nonpathogenic filarid worm affecting
ruminants (Verma et al.1971). The prevalence of Setaria sp. infection in
cattle is relatively low. Examination of 154 blood smea.rs} of cattle in the
Department of Veterinary Parasitology during the years 2002 and 2003 had
revealed the presence of microfilariae in only one sample. The number of
mosquitoes dissected formed only a very small percentage of the entire'
population during a particular period in the cattle shed. The absencé of
helminth larvae in any of the mosquitoes examined during the preséht

study can be attributed to the two factors mentioned above.



110

Out of the 1019 mosquitoes collected from human dwellings in the

vicinity of dog houses, dissected and examined, two were found to harbour
helmmth larvae In the Arngeres sp. sausage shaped second stage larvae

‘. and n the Culex sp. elongate 31 stage larvae of D. repens were observed in -

- the Malplghlan tubules. Both Culex and Arngeres sp. have been reported-'
as su1table vectors for the development D. repens (Wright et al. 1989
.'Aranda et al. 1998). Various studles conducted i in and around Thnssur in

. dogs have shown the prevalence of D ‘repens lnfectlon to vary from 7 to 13
per cent (Saseendranath etal, 1986; Radh1ka 1996)

| Tolbert and Johnson (1982)' found two percent of the _rnosquitoes
infected with helminth larvae in Alabama, while Parker (1986) observed it
as O.7-pef cent. Aranda et al. (1998) ‘found 20 per cent of the dogs as
' microﬁlariaemic in Baree'lona, Spain, while none of the 2001 mosquitoes
' sampled were positive for infection. Singh et al. (2000) also could not find
any larval helminth in the 339 Cx. quinquefasciatus dissected. Most of the
mosquitoes caught fof dissection from human dwellings in the vicinity of
- dog houses were- either found '-no_n fed or fed for the first time and this

could be the reason for the very.low number of positive cases..

5. 4. EVALUATION OF NEWER GENERATION INSECTICIDES ON
' THE DEVELOPMENTAL STAGES OF MOSQUITOES

All the previous studies on the developmental stages of mosquitoes
were conducted on species other than Cx. tritaeniorhynchus. However, in -
the - present study, Cx. tritaenirhynchus was used, as it was the most

abundant species found in cattle sheds.
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5.4.1. Eggs
5. 4. 1. 1. Insect Growth Regulators

5.4.1. 1. 1.,Diﬂuben.zuron'

The chitin. inhibitingv compounds are believed to  disturb
endocuticular deposition and’ thereby interfere ‘with normal- cuticle
formation (Post and Viheent, 1973). Diflubenzuron has been reported to be
effective against all stages .of mosquitoes and is relatively safe to other
organisms associated With mosquito breeding habitats.r The effect of
diflubenzuron toxicity was exhibited as unhatch, abnormal hatch (side
hatch)’ and various types of partial hatch. In partial hatch, the larvae died
during hatching and vaﬁous’ parts of the larva were seen caught in the shell. :
Miura efal (1976) also found such abnormalities when eggs >of
Cx. quinquefasciatus were exposed " to 'var.ious concentrations of

diflubenzuron.

The coneentration of diflubenzuron producing 50 per cent
emergence inhibition was assessed as 38. 27 ppm based on probit analysis
while Miura ef al. (1976) did not use probit analysis but found that 42 per
cent eggs were affected by a eoncen_tration of-0.0l ppm of diflubenzuron.
Unexposedeggs hatched by 36 hr while, treated eggs were found to take
longer time for hatChing. This phenomenon was also reported by
Miura et al. (1996) who attributed it to slowe_rl embryonic growth rate.
Unhatched eggs contained fully developed embryos which failed‘to hatch-
apparently died just before hatching. Segmentation, eyespots, setae and
‘spine were visible through the eggshell. In normal eggs a portion of the
anterior end of the eggshell .is foreed open transversely at a. line of

dehiscence forming an egg cap, which is not completely detached but
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hinged to the remaining éggshell (Miura et al., 1976; Vasuki, 1990). While
LCso on 4™ stage larva was 0.00023 ppm, a concentration of 38.27 ppm

cannot be recommended for use against eggs of mosquitoes.
5.4.1.1.2. Methoprene

Méthoprene is a juvenile hormone analogue and the various
preparations available in the market are recOmmendéd for control of
| mosquitoes due to their action on the larval staées. However in the present
study conducted, alconcentfation bf 500 ppm (10,000 times the LCigo on
fourth stage la.rvée) was hot found to ‘induce any effect on the eggé of
Cx. tritaéniorhynchus. There is also no report available on the effect of
methopfen_é on the egbgvs' of any species of mosquitoes and methoprene is -

recommended for use against larval stages of mosquitoes.
5. 4. 1. 2. Bacillus thuringiensis israelensis (HIL Bti)

Bti is recommended for mosquito control for its action on larval
stages. However in the present study, LCsy on .eggs was found to be
21.7252 ppm while the LCqy was 110.5554 ppm. These values in fact-are
around three and ten times respeétively. of the LCs values of Bfi oh fourth
stage larvae. It was found that higher concentrations had ovicidal action
though such high concentrations are not émployed in the field for ’rhosquito _

control.
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5. 4. 1. 3. Azadirachtin

Though azadirachtin, a triterpinoid derived from neem tree is a well
known féedi_ng and oviposition deterrent and repellent to many insects;i Su
and Mulla (1988) ‘and Elhang et dl. (2001) tested their efficacy on the
hatchability of mosquito eggs. According to the former authors one ppm
azadirachtin could induCé cent percent mortality in eggs. Elhang er al.-
(2001) found that reduction in hatchability in concentrations as low as 0.02
per cent. However in the present study 93 ppm azadirachtin was required to
produce fifty per cent non -hatchability in the eggs of Cx. tritaeniorhynchus.
The evident variations in the concentrations could be due to the difference

in the contents of the preparations used.
5.4.1.4. Etlzofenpfox

There are no reports on the effect of ethofenprox on the eggs of any
species' of mosquitoes.- The LCs, arrived at in the present stﬁdy was .
0.23482 ppm and the LCqo was 0.76112 ppm. These values a_ire about 29
~and 19 times as that. of fhe LCsy and LCqy conce_ntrations on the fourth
stage larvae respectively. The results suggest that ethofenprox has definite

ovicidal action.
5. 4. 1. 5. Deltamethrin

The LCs, observed in the presént study was 0.04814 ppfr_l while the
LCqy was 1.57149 ppm. However, Sahgal and Pillai (1993) could_ﬁot find
egg mortality above 50 per cent even at a concentration of one ppm which
in fact was the highest concentration tried by them. They rated the ovicidal |

activity as moderate when compared to the activity on larval stages. In the
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present study, a concentration of 0.005 ppm could broduce 22 per cent non

hatchability.

5. 4. 2. Fourth Stage Larvae
5. 4. 2.1. Insect Growth Regulators

5. 4.2.1. 1, Diflubenzuron

The sensitivity of larvae to a given compound varied with age of the
fourth stage larvae (Schaefer and Wilder, 1972). In the present study,
freshly emerged fourth stage larvae were employed. The LCsy was
estimated as 0.00023 ppm on probit analysis. Such concentrations (LCsp)
varied from 0.00016 to 0.01 ppm when diflubenzuron was studied against
four species of mosquitoes on the 4" stége larvae (Bakshi et al., 1982).
Similar values ranging from 0.00024.to 0.00145 ppm could inhi‘bit 50 per
cent adult emergence in Ae. albopictus (Kawada, 1993; Prakash, 1993; Ali
et ‘al., 1995; Baruah and Das, 19_96). The treated larvae died due to various
types of deformities caused in the course of development or had ‘_del'ayed
development often resulting in mortality in emerging adults as reported by
Tyagi et al., (1987). Bulk of the mortalify occurred at the larval-stage as
seen by Mulla and Darwazeh (1985) and Baruah and Das (1996). But
Bakshi er al. (1982) found that when 4™ stage larvae were exposed to
diflubenzuron, the total mortality accounted was equally due to larval and-
adult mortality. Delayed larval development and ~ discolouration of cuticle
of immatures observed in the present study are | in agreement'wifh the
observations made by Mulla et al. (1975), Miura et al. (1976), Bakshi et al.
(1982) and Prakash(1992). ' '
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The LCqq of diflubenzuron on 4th stage larvae was 0.00409 ppm.
This is 17.7 times the LCs, obtained in the present study. Relatively higher -
concentrations ranging from 1.22 to 34. 66 ppm have been reported by
Prakash (1993) against four species of mosquitoes. Lower concentrations at
par with the present study have been obtained by Ali et al. (1995), Alietal
(1999) and Baruah and Das (1996). o o

5. 4.2. 1. 2. Methoprene

Methoprene at a concentration of 0.00067 ppm was estimated as the
LCs, on the 4™ stage larvae of Cx. tritaeniorhynchus. Baruah and Das
(1996) found that the LCsp of methoprene on C¥, quinquefasc_iatu& and de.
albopictus as 0.001 and 0. 0018 ppm respectively. These concentrations are
“about. two to three times the values obtained in the present study. When
Hsich and Steelman (1974) conducted comparative susceptibility of five
insect development inhibitors 'against 12 species éf mosquitoes, reported
that the susceptibility of each species within a gemis relative to the type of
compound varied to such a degree that no comparative generalizations of
genus susceptibility could be made. The wide variation observed in the
effective dosages by earlier investigators hav.e been'attributed‘to different
strains of mosquito larval instars, rearing temperatures, type of water, food
etc. as suggested by Baruah and Das (1996). Different types of deformities
like decoldriiation, failure of eclosion or partial eclosion, prolonged larval
period and pale larvae and pupae as observed by Hsich and Steelman

( 1974) and Das er al. (1981) were observed in the study.

The LCy obtained in the present study was .0'.006_73 ppm, which is
about 10 times the LCso on the 4™ stage larvae. Slightly lower
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concentrations (0. 0022 and O 0027 ppm) of methoprene were found to
produce 50 per cent mortality in Ae. albopictus and Cx. qumquefasczatus

respectively (Baruah and Das 1996)
5. 4. 2. 2. Bacillus thuringiensis israelensis

. The LCsp was estimated l as 6.6076 ppm in the present study.
Significant Variation in the responses ranging from 4.5 to 100 ppm was-
reported by Farghal (1987) and Skovmand et al. (1998) on different species
of mosquitoes. They attribﬁted the variation to be associated with factors
such as age, stage and strain of larvae as well as the amount and type of
food provided to the larvae. Vectobac® contalmng Bti was found to give a
LCs of 0.181 and 0.0104 ppm respectlvely (All et al 1995; Ponce et al.,
2002). The same product when tried by another sclentlst on two different
species of niosquitocs (de. aegypti and Ae. albopictus) needed 17 times {he_
concentration to prodﬁce 50 per cent mortality. Skovmand et al. (1998)
demonstrated variation in the LCs, between similar products from different

companies.

Sﬁnilarly, the LCyy obtained inv_the present stﬁdy was 20. 8106 ppm.
While Ali et al. (1995) found it as 0.380 ppm, Ponce et al. (2002) got the
LCos as 0.1843. Theée vélues- are much less than those obtained_inl_‘thc
present study. Such variations have been répbrted to occur when different

products were tried on different species of mosquitoes.
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5. 4. 2. 3. Azadirachtin

There are no reports on the action of azadirachtin on mosquito
larvae though various studies have been carried out with different types }of
extracts from neem seed kemel.‘A conCentration‘ of 4.68681 ppmv was
found as LCsp while 8.49508 ppm was the L.Cgo obtained in'the;preéent
study. Boschitz and Grunewald (1994) and Elhang ef al. (2001) have also
reported .suppression of larval development, pupation and adult emergence
when the 4" stage larvae of Cx. quinquefascitu& were exposed to various
concentrations of different types of extracts from neem seed kernel.
Delayed pupation was also noticed in the present study. Also the
successfully emerged adults survived for lesser periods when compared to
the control group. This emphasizes the deléyed effect of azadirachtin on
mosquito larvae. Since azadir_achtiri is a plant _derived product, léast

* environmental contamination is produced (Elhang et al., 2001). _
5. 4. 2. 4. Ethofenprox

Though ethofenprox has been shown to be an insecticide with
comparablbe toxicity and similar mode of action to other pyrethroids, very
few references are available on its effect on mosquito larvae. Vasuki ef al.
(1995) observed the LCsq as 0.579 ppm while in the present work it was
0.00819 ppm. The LCy arrived at in the present study (0.03931 ppm):was
much lower than that observed by Vasuki es al. (1995).

5. 4. 2. 5. Deltamethrin

Various pyrethroids have been recognized as potential alternatives

to replace OC and OP compounds in mosquito abatement programmes due
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to their excellent effect on Varioué stéges and remérkably low mammalian -
toxicity. The LCsy and LCgyy values obtained in the present study were
0.00209 and 0.00654 ppm respectively.' Comparable concentrations have
been obtained by several earlier workers (Chakraboti et al., 1993; Ali ét al.,
1999; Ganesh et al, 2003). Though the varioﬁs ‘pyrethroid compounds
héve been proven to have definite toxicity against all stages of mbsquito'es,
WHO (2002) strongly recommends that pyrethroids should never be used

for larviciding as they are invaluable adulticidcs.

5. 4. 3. Pupae

5. 4. 3. 1. Insect Growth Regulators

~ The IGRs are more effective when applied during larval stages as
they act by inhibiting larval development and therefore, very few reports.
are available on the effect of IGRs on the pupaé ‘of mosquitoes. When
pupae are treated, the exposure time before eclosion is minimum and hence

they have least action on pupae.
5. 4. 3. 1. 1. Diflubenzuron

A concentration of 28.774 ppm of diﬂubenzuron was found to-
produce 50 per cent emergence inhibition whén pupae were treated. The
fourth stage larvae have been reported to be more sensitive to IGRs
(Schaefer and Wilder, 1973) and for this reason very few records are
available on their effect on pupae of mosquitoes. Pr’akash (1993) found the
LCso value on pupae of four species of mosquitoes to range from 0.89 to
2.18 ppm. When several IGRs were tested agéinst 1% and 4th_instars and

pupae of Cx. quinQuefasciatus;_' Mulla ef al. (1974) found that 10 to 150
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times the LCsp on 4™ stage larvae were needed to produce the same effect

on pupae. The L.Cgy on pupae was much higher being 489.7338 ppm.
5. 4. 3.1.2. Methoprene

- The material used in the present study (Altosid Liquid Larvicide®)
is a product of Zoecon, Wellmark International, Illinois, USA. vAccqr_ding'
to the prbduct information provided by the manﬁfacturer, methopreneﬁ has
no effect when applied to pupae or adult mosquitoes. But Das et al. (1981)
studicd the effect of methoprene on thc larvae and pupae of
Cx. qu_z'nquequciatizs, An. stephéﬁsi' and Ae.- aegypti. A concentration of
two ppm of methoprene applied to larval stages produced total inhibition of
adult emergence, while the same on application to pupal stages could
inhibit only 21. 5 per cent adult emergencé. HoweVer, in the present study .
the LCso was 0.22858 ppm and LCy was 6.25179 ppm. Thésé values -are
336 and 929 times respectively of the same for 4™ stage larvae. Such high
concentrations are never used in practical mosquito control and 'hence‘

methoprene cannot be recommended against pupal" stages of mosquitoes.
5. 4. 3. 2. Bacillus thuringiensis israelensis

Bti protoxins are insecticidal cfystal pr_dteins réquiring soluB_ilisation
and activation in the insect midgut. Hence ’theif effect on pupae will be
least as the pupae are non feeding. Similarly, the LCso (66. 68765) and
LCy (187'.36.604) against pupae obtained in the present study were about‘
ten times the same on 4™ stage larvae. Ponce et al (2002) calculated the
field dose of Bti as four times the LCsy on larvée. Higher concentrations

effective against pupae are unlikely to be used in practical mosquito control
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programs and for this reason Bti cannot be recommended against pupae of

mosquitoes.
5.4.3.3. Azadirachtin

Azadirachtin has been shown to have repellehcy and growth
disruption in a number of species of insects. Mong Ting Tan and
Sudderuddin (1978) noticed inhibition of pupal development and presence
of deformed wings in surviving adults on exposure to azadirachtin. The
LCsy and LCgy obtained in the present study were 4.50358 and 11.31192
ppm respectively. These values are quite éompérable with those for 4™
stage larvae obtained during the present study. As azadirachtin is a plant
derived product and again comparable cqncentratibns are able to produce
similar effects on pupae, azadifaétin can be reébmmended as a puﬁicide on

mosquitoes.

5. 4. 3. 4. Ethofenprox

. There are nd reports on the effect of ethofenprox on pupae. The
LCsp and LCyy obtained in the present study were 0.26044 and 1.91214
ppni respectix)ely. These values are very high when compared to those for
4t stag_e‘ larvae. And hence ethofenprox canno.t be recommended as a

pupicide of mosquitoes.
5. 4.3. 5. Deltamethrin
The LCsy and LCy on pupae were 0.00382 and 0.02016 ppm

respectively. These concentrations are quite comparable with those for 4™

stage larvae. Though deltamethrin is as effective on pupae as larvae, the
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recommendations of WHO (2002) excludes it to be used against mosquito

immatures as all pyrethroids are invaluable adulticides.

5. 4. 4. Comparison of Effective Values of Inseéticides on Different o
Stages of Cx. tritaeniorhynchus

The least conc.entraﬁonsﬂ _Were o_btained -as VLCSO and LCqy whenl:the v
various insécticides were used against 4™ stagé larvae. Schaefer and Wilder
(1972) pointed out that the 4™ stage larvae are more sensitive to
insecticides than the other stages in the life cycle. When the LCsy on 4
stage larvae were minimum in case of all the insecticides tried in the
present study, several imultiples of the same was needed to produce ‘the
same v'effect on eggs and pupae. While methoprene had no effect on eggs,
the other IGR (diﬂuberizuron) used in the study was observed to have l'east‘
effect on the eggs and pupae of Cx. tritaeniorhynchus. At the same time
the LCsp of these two IGRs on larvae were the leaSt.being only 0.00023 aiid
0.00067 ppm respectively (Table 28).

For the other insecticides (Bti, ethofenprox and deltamethrin) a 1.8
to 31 times the larval LCs could cause the same rate of mortality in pupae.
But in case of azadirachtih, the LCso on larvae and pupae were comparable. -
Relative higher multiples ‘of tlie larval LCs, were found to cause 50 per

cent non hatchability in eggs in case of all the insecticides studied.

In the strict sense, IGRs cannot be cbmpared with chemical
insecticides, though they weigh over the latter in several concepts. Still it
was found that the LCs, of the IGRs were the least in compariéon to all
other insecticides used in the sti_ldy. Hence they need to be used.in very less

concentrations in practical mosquito control. IGRs being more compatible
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with biologicals, do not interrupt the natural regulatory mechanisms and

can be strongly recommended for mosquito control in IPM programs.

_Based on the effective concentrations on 4™ stage larvae, -the
chemical insecticides — ethofenprox and deltamethrin - were next in order. -
Deltamethrin was more potent than ethofenprox on eggs, larvae and pupae.
Since they are protoplasmic poisons, relatively lésser concentrations when
compared to IGRs could produce 50 per cent mortality/non hatchability in
pupae/eggs. However, when the field dosages_Were calculated as four times
the larval L.Csq, deltamethrin will havé effect on pupaé as the pupaI'LCSO of

deltamethrin was only a 1.8 multiple.

“Though the other insecticides used in the study -Bti :and.
azadirachtin- are equally environment friendly as the IGRs, the LCs, and
| LCq {/alues obtained were quiet high. However, the same concentration of
azadirachtin was found to produce 50 per cent moftality in 4™ stage larvae

as well as pupae, though the LCs, on eggs was 20 times the former.

Bti was found to have better action on the eggs than on the

pupae of Cx. tritaeniorhynchus.-

5. 4. 5. Cost of Application in Unit Volume

When the cosf of application of the various insecticides in a unit
volume was calculated based on the MRP of the commercial products used .
in the study (Table 36), ethofenprox (Primo) ;Was found to be most
economical costing Rs. 0. 03/- only per one lakh lifres of water, followed

by deltamethrin and diflubenzuron. Both the IGRs were better than
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azadirachtin and Bti in terms of cost. The most expensive insecticide was

Bti costing Rs. 2179/- per one lakh litres of water.

Both the chemical insecticides used in the study have a mode of
action similar to pyrethroids. The World Health Organization (2002) report
strongly recommends that pyrethroids should never be used against larval
stages of mosquitoes és they are invaluable adulticides. Hence both
ethofenprox and deltamethrin cannot be recommended against larval
mosquitoes though they have been found effectivéb in terms of cost and
concentration. At the same timec they have also been shown to cause

detrimental effects on beneficial insects and natural predators.

As there is a definite lack of commercial interest in the devclopmént
of new pesticides on account of exorbitant financial commitment ihvolved,
the existing insecticides should be used judiciously to conserve them for
the future. So in the IPM programs widely recommended for the control of
mosquitoes, the various insecticides should be used to limit the populaﬁon
density to a level that is acceptable as determined by economic factors and
environmental concern. As envisaged in the IPM strategy, the natural
control measures must be maximized, the concentfation of pests must be
monitored and appropriate techniques must be adopted to suppress the pest

only when necessary, to attain stable long term mosquito control.
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6. SUMMARY

Mosquitoes were collected from five cattle sheds in and around
Thrissur, at rrionthly intervals from January to December 2002.
Specimens were also collected from human dwellings for
identification. -Mosquitoes coming under three subfamilies were
identified viz, Anophelinac (dnopheles), Culicinae -(Aedes,
Armigeres, Culex, Mansonia, Ochlerotatus) and Toxorhynchitinae
(Toxorhynchites). The collection comprised of 27 species coming
under seven genera. The genus Culex constituted 67.1 per cent of

. the total collection.

Culex tritaeniorhynchus was identified as the most prevalent spe_cies'
in the collection from all five cattle sheds with an overall pfevalénce
of 43.1 per cent. The most prevalent species in human vdwellrinvgs
was  Cx. quinquefasciatus (36.4 %), closely ~ followed by

Ar subalbatus (34.5%). Culex quinquefasciatus, the southern house
mosquito could nbt be found in the collection from any cattle shed
While, Armigeres subalbatus was equally distributed in both cattle

sheds and human dwellings.

Culex - tritaeniorhynchus, the most commonly prevalent species in
cattle sheds was successfully colonized in the laboratory. The eggs
were laid as egg raft containing 77 to 166 with an average of 117
eggs per raft. The development of the adult mosquitoes vfrom the
eggs took 7-18 days under laboratory cbnditions. vT_he average
number of eggs laid by a female was 42. The_éverage survival time

was 45 days. The male mosquitoes always emerged first from the

pupae.
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Dissection of 1001 mosquitoes collected from cattle sheds did not
reveal any helminth larvae. Meanwhile, 1019 mosquitoes collecfed
from human dwellings in the vicinity of dog .houses when dissected
vreve.aled helminth larvae in two mosquitoes. One Armigeres sp. had
56 sausage shaped- second stage larvae and a Culex sp. had five.
elohgate infective larvae. Based on morphology the larvae were

identified as those of'Dir_oﬁlaria repens.

Six. different insecticides  viz., diflubenzuron, methoprene, B,
azadirachtin, ethofenprox and deltamethrin were evaluated for their
effect on the eggs, fourth stage larvae and pupae of
Cx. tritaeniorhynchus. At least five concentrations producing
mortality ranging from 5 to 100 per cent were worked out. The.
mortality data were subjected to computerized probit analysis of log
dosages using SPSS to arrive at the LCsy and LCy values. The 4“‘»
stage larvae were more susceptible to all the insecticides with the
least concentration of LCsy and LCyy. The IGRs used in the study
were most efficient. In terms of LCso concentration, the various
insecticides in the drder, of efficacy were diflubenzuron (0.0002288
ppfn), methoprene (v0.0006738), " deltamethrin (0.0020853)
ethofenprox. (0.0082146), azadirachtin‘ (4.6867982) and B
(6.6076021).

On treating the pupae with the various insecticides, the most
effective one was found to be deltamethrin-(0.00382) followed by
methoprene (0.228578), ethofenprox (0:260437), azadirachtin
(4.503588), diflubenzuron (28.77353) and Bti (66.68765). However,
several multiples of the larval LCsy was required to produce the

same effect on pupae except azadirachtin.
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When eggs were exposed to the insecticides, deltamethrin was the

most toxic followed by ethofenprox, B, diflubenzuron and
azadirachtin.. Methopren._,e‘ had no effect on the egg hatchabi‘lit_y.
Sévefal thousand rhultiples of the larval LCs, of diflubenzuron _WCre
riéedéd to produce the same effect on eggs. But in the case of B,
3.3 times of ‘the' larval LCsg cbuld produce 50 per cent non.

hatchability in eggs.

- The LCy values of azadirachtin on the fourth stage larvae and pupae

were almost same. However a 20 times concentration was needed to
effect SO per cent non hatchability in eggs. The IGRs -diflubenzuron
and methoprene- were the most effective insecticides when 'used
against 4™ stage larvae and are reéomménded for use 1n mosquito
larval control as only ﬁlinhnhm conéentratibn need to b_e used.
These compounds do not intérrupt natural regulatory mechanisms as

they are least toxic to beneficial insects and natural predators.

.. When MRP alone was considered, ethofenprox was found to be the

cheapest insectiéide,' costing Rs.0.03/- per litre of water followed by
deltamethrin (Rs.0.51/-). The most expensive one was. Bfi
(Rs.2179/-) followed by azadirachtin (Rs.163.0/-). Among the IGRs
diflubenzuron was muéh cheaper (Rs.1.38/-) than - methoprene
Rs.13.87-).

To avoid selection pressure on immature stages of moSquitoes,
deltamethrin and ethofenprox should not be used for larval mosquito

control as they are invaluable adulticides.
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ABSTRACT

Mosquitoes collected from five cattle sheds and human dwellings in

band around Thrissur were identified into 27 spe01es coming under seven'
~ genera in three subfamilies. Only one genus each could be found in the
subfamilies of Toxorhynchitinae and Anophelinae, while there were five
genera in the subfamily Culicinae. The genus Culex constituted 67.1 per.
cent of the total collection. Culex tritaeniorhynchds was identified a§ the
most prevalent species in cattle sheds while in human ,dwellings‘ it

was Cx. quinquefasciatus.

Culex tritaeniorhynchus was sucéessfully colonized in the
laboratory. The development of adults from eggs took 7-18 days under
laboratory conditions. The average number of eggs laid by a female was
42. The average survival time was 45 days. The male mosquitoes always

emerged first from the pupae.

Dissection of 1001 mosquitoes collected from cattle sheds did not
reveal any helminth larvae. Mcanwhilé, 1019 mosquitoes collected from
human dwellings in the Vicinity of dog _housés when dissected revealed
helminth larvae in two mosquitoes. The larvae were identified as'..thos'e of

Dirofilaria repens based on morphology.

Six different insecticides namely, ‘diﬂubenz’uron, methoprene, Bti,_
azadirachtin, ethofenpfox and deltamethrin were evaluated for their effect on
the eggs, 4™ stage larvae and pupée of Cx. tritaeniorhynchus. The 4™ stage
larvae were more susceptible to all the insecticides with the least:

concentration of .Cso and LCoo.



The IGRs used in. the study were most. efficient. In terms of LCsy
concentration on larv.ae, the various insecticides in the order of efficacy
were diflubenzuron  (0.0002288 ppm), methoprene (0.0006738),
deltamethrin ~ (0.0020853)  ethofenprox  (0.0082146), azadirachtin
(4.6867982) and Bri (6.6076021). The IGRs -diflubenzuron and
methoprene- are recommended for use in mosquito larval control as only
minimum concentration need to be used. Methoprene had no effect on the
eggs whereas several multiples of the other insecticides were needed to
produce the same effect on eggs or pupae. In case of azadirachtin, the LCsy

on larvae and pupae were almost same.

When MRP _alOne was c_onsidered, ethofenprox was found to be the
cheapest insecticide, costing Rs.0.03/- per one lakh litres of water followed
by deltamethrin (Rs. 0.51/-). The most expehsive one was Bti (Rs. 2179/-)
followed by azadirachtin (Rs. 1630/-). Among the IGRs diflubenzuron was
much cheaper (Rs. 1.38/-) than methoprene (Rs. 13.87). To avoid selection
pressure on immature stages of mosquitoes, déltamethrin and ethofenprox
should not be used for larval mosquito control as they are invaluable

adulticides.



