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FREFACE

Malaria, a disease of antiguity, has been widely
prevalent i the world causing distress SFCTIC large
communities and taking a great toll of life. It bhas also
proved to be & forsidable deterrent to the cultural  and
SOC 1 a-econonic progress of man in the tropical, sub-tropical
and  monsoon ‘prmne zones of the world. History is  replete
with devastation caused by this disease. Widespread
pravalen&a of this disease in India, among other factors, was
responsible for the slow economic, scientific and  industriszl
progress during the last two centuwries. The disease remained
in  the realm of ‘mystery till twin discoveries of the
parasites by Laveran in 1880 and the sstablishment of the
role of female mosquito by Ross in 1897. Consequent to these
and  subsequent discoveries, it has become common knowledge
that human malaria is caused by the protozoan parasites of
the agenus  Plasmodivm.  The members of this group, unlike
some  pathogenic organisms, do not have  an independant
existence. A1l stages of the parasites spend their life
either in man or in some species of mosquito genus Ancpheles.
This epoch making discovery has led to the understanding of

the involvement of biclogical factors viz. Parasites,



e NP ..

Mosquito vector and Host (man) and their dependence on
environment for perpetuation of the disease.

Since the discovery of Malaria transmission was made,
and  because of ite pre-eminence among  the communicable
diseases, intensive work was carried out on different aspects
of the disesse including its control.  India has always  been
in  the forefront of Malaria research and has been a pioneer
in studying the feasibility of Malaria control with the use
of residual insecticides extensively in rural areas. The
major attempt in control was directed initially against
mosquite larvae and subsequently as  bknowledge improved
against adults as well., With the advent of DDT, a synthetic
residual  insecticide, there has been a steady progress
towards the use of chemicals in public health. Thus, fmr T e
first time a cost-effective tool became available for mass
application to interrupt Malaria transmission especially
Mg rural arsd ather companities. This led to
experimentation  in major salarious areas of the world. Ih
India systematic studies were undertaken under the aegis of
Health Directorate of the then Bombay Fresidency {riow
Maharashtra and Gujarat States) and erstwhile Malaria
Ingtitute of India during 1945 to 1952, which established
technical, operational arnd administrative norms for
undertaking & mass  campaign against  the disease in the

country. The success. of the National Malaria Eradication
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(NMEFP)  in 19831957 in  consonance with global

reflected by the deliberation of World Health

ganisation (WHO) resulted in the creation of a separate
rectorate of Mational Malaria Eradication Frogramme (MMEP)
g 1958, with the sole objective for eradication of the
Eaége from the country.

However, the rich Anopheles fauna of the country,
ﬂiverse ecalogical~cum—terrain features, the different social
f.and cultural strata of the population, the lack of periphersal
1;health infrastructure as well as special characteristics
é;inherant ti such biclogical phenomena b= Tulu o proey Loded
- difficulties in attaining the goal. The resistance of
mosquitoes to  dnsecticides and resistance of parasites to
anti-malarial drugs has combined to create a dangerous and
potentially explosive resurgence of the disease. This, Dé
the other hand, has alsoc created a formidable problem and  is
ijecmming great challenge to the field of Malaria Eradication.

With reasons stated above, the resurgence of Malaria
ooowrred din oa big way in 1974, and & revised strategy  known
a8 Modified Flan of Operation (MFPO) was launched in April
1977, with the following objectives, wviz., prevention of
deaths due to Malaria, redpctian af morbidity due to Malaria,
and  maintenance of Industrial and Green Revolution due to

~ freedom from Malaria, as well as retention of achievements
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gained so far. Under the Modified Plan of Operation (MFO)
and ares with 2-AF1 or more are earmarked for regular  rounds
of insecticides spray. In area below 2-4F1, provision is
made  for limited operation depending on the size of fooli,
Gpray operation is carvied out regularly, that is, 2 to 3
rounds  depending on the occowrrence of  the diseasse and
prevalence of the vectors.

AE Tar as Novth—Eastern FHegion of India is concerned
and sccording to  the Indian Council of Medical Research
(ICHMF)Y  reports which stated that about 18 districts of the
region are accounted for about 80 per cent af £,
faloiparum infections. With & view to check the spread of
falciparum Malaria, . Ffalcipsruwnm containment B G0 amime
fmeP) was launched in October 1977, in  the above 18
districts. Az seern  from the various reports about  the
poowrrence of the resistance strain  in parasites towsrds
diruge, as well as insecticides resistance of the vector
species throughout the world, the Morth Esstern Region has
also not escaped from this global problem. The first report
of P, Falcipsrum resisteance to chlorogquine in India came from
Diphu of Karbi Anglong Districts of Assam (ICMR-Reports), s0
glan it was fTurther reported from many other districte of the
region. As far as the State of Meghalayva is concerned, there

g a compact belt consisting of aress of difficult hilly and
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semi-~hilly terrain with high rainfall and poor communication.
Therefore, complete knowledge about the disease as well as
the vector species and their contrel is not highly upto date.

Hence, & virtual absence of scientific knowledge on
some  of these aspects, prompted us to undertake the present
investigaticn. It iz, therefore, earnestly hoped that the
information embodied in this thesis would have relevance to
the socio-economic development and scientific awareness of
these areas of the country by evolving & better understanding
(icy! the ocouwrrence and species compositions EMCTIC) t e
Ancpheies mosquitoes population.

The present study pertains to all the Anopheles species
present with its seasonal fluctuation in relation to the peak
bcouwrrence  of  the disease reported from the study areas
during the period from May 1992 to April 1294, The results
obhtained during the present study are presented in this
thesis entitled Studies on Some Aspects on the Biology and

Behaviour Pattern of Ancpheles Mosquitoes.
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J~Inbthe present day world, where the economy of a nation
ds on  judicious prospecting, conservation and proper
gement of renewable and non-renewable reéuurce%, the role
Biological studies is manifestly becoming significantly
_}rtaﬁt. Today  the field of bdolegy  is no longer  an
emic subjsct only az it cmncerns‘every one directly  or
4irect1y related to food, energy orisis, pollution o
1th (Nasar, 1977 . The study of insects has great
~hificance oy bhe l1ife of mankind., Some of these insects
& very useful and beneficilal to man, whereas a majority are
ueeful or dangerous to buman race.  The strugole between
an and insects began lqng before the dawn of civilization
continued without cessation to the present time, and will
antinue, no doubt, as long as buman race endures.
Ancpleles mosguitoe have been, and 8ti1l are the subiect
a tremendous amount of study and the literature on them is
tremely  large and varied. They are among the best  known
oups of  insects, becauae, of  their Bic-medical arnd
gricul tural impoytance bt omaEn EBE v tor ared perst
eepectively. Malaria a vector-borne disease known to  be
*ﬁransmittwﬁ through certain species of Anopheles  wsosouitoes
and still are major public health problem in the world,
i%dversaly affecting the =R Tol R Sl =Tt st Tt A development,
:articularly af  heyr poor people. In pre-historic times

Cmalaris was common in southern valley of the Mile and mention



pleenamagaly and fever was seen in Ebers  papyrus  of

B.C. (Other malarious regions WEreE Mesopotamia,

4

s Babylor in I500-2000 B.C.  Malarisz is restricted to

L

Bummer Isotherms on both sides of the globe and spread
:fx epid&mimlagiéal Tomes wiz. Morth Qmeriﬁa, Central
q South fmeErica, Morth EBuropean ard Aosiatic,
rrénean desert, Ethicpian, Indo-Persis, Indo-Chinese,
Chinese and Australia (McDomald, 19287). Malaria
from throwghout BEuropes, North fAserica and  Sustralia
the 19th Century.
Froblem of Malaria is sulti-faceted and oglobal in
acter. It has been co-existing and taking toll of  human
since  the time immemorial, and the well organized
aria control for the past four decades has not diminished
magnitude upto the expectation.  The failure has  often
led to the attitude of pessimism with regard to an ultimate
luticn  even among the scientists. World-wide intensive
Msearch oy owvaricous aspects of the diﬁeaée has resulted in
knowledge and more clear concept on many aspects, but the

ahead is still complex and difficult,

rld Malaria Situation
Out  of the total world population of 5,300 million,
100 million (59%) live in the areas free from malaria.

boat 1,700 millicon (32¥) live in areas where transmission is

~@stabl ished and the situation is unstable ar
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rating. Over 500 million are living mainly ir
1 ‘Africa, in an ares where malarié remains  basically
nged. More than 40% of the world populatiorn living  in
»i’ 99 countries iz expeosed to the risk of contracting
(WHO, 1992). The global malaria incidence is
gated  to be 120 million clinical cases  per  anmam and
million deaths mainly in children. Countries in tropical
ice  are estimated to account for more 80% of &1l cases.
luding African region, 90% of the reported cases annually
ginate from 19 countries, Shot FEREY O of ‘theae Yl
centrated in 2 countries. viz., India, Brazil, Argentina,
i Lanka, Thailand, Indonesia, Yietnam, Casbodiza and  China.
st of these countriegs have reported parasite-resistance
Tamacdivm Faloiparum) to ohloroguing and vector resistance

0 various insecticides.

iﬁlaria in India

The evidence of existence of feveric relsted disesses
g found in writings of Vedic (1500-300 B.C.Y and Brahmanic
BOO RLC.-100 8.0.) pericds.  The ayurvedic sages Charaksa and
Busruta noted both tertian and quantan fevers. I Punjab
wne, periodic epidemics in 18901908 caused 0,25 to 0031
illion deaths. Sinton  {1938) who studied the wvarious
spects of the disesse in India concluded that "the proeblem
the wvery existence in India is the problem of malaria,

A
which constitutes one of  the most  disportant causes of

i



- misfortune endangering poverty lowering the physical
llectual standards.” In 1235 Sinton and Chopra (in

gnd Tte Control in India,. 1984, NHEP) eatimated that

ilan sub-continent there were at least 100 million cases
laria occourring anpually, of which, 1 sillion died. ¥y

the economic loss due to malaria was  about Rs. 7,500

te on the stomach wall of an anopheline for the first
zoand realized their significance, very little was  known
J % mosquitoes. Since then tremendaﬁs achievements of the
wowrkers have  provided a solid  foundation on the
clogical and biclogical information, much of which is still
levant  till tirday.,  The recognition of anopheling  species
d naming them scientifically in India alseo soon  followed
the discoveries of Sir Fonald FRoss in 1B97-1898. Thes
sgrigs of papers dealing with  taxonomy  of Indian
ophelines species commenced with that by Grassi (1899)  and
faxllowed by those of Giles {(1901), Liatmﬁ (1901},
heobald (1901-1902), James (1702, Gogill (1903), Jdames and
ston (1904-1911), Donitz (19461) and others. The larvas of
lian Anophelines was studied sxtensively by Puri  resulting
his comprehensive monograph on the subject (Puri, 1931).
ploneering  work  of Puri oon Ahmuhéline larvae and of
ristopher and others o the adult and eqg stages culminated

1933 in the publication of & volume on snopheline in the



of British India series. In gerneral this is till the
rd work of reference till today. Further, a number of
& @f these groups have been identified in India  in
years {(Mattal et al., 1962; Feid, 1968; Harrison and
lon, 1975}, but such sore work remsins to be  done to
mine their distribution.

Feviews by authors  such as  BRates (1?4?), Muirhead
omsan (194%), Horsfall (19?2) and others to name a fTew have
o deslt exhaustively with several aspects of biology on &
al bases. The work of Reid (1968), Harrison and Scanlon
have referred to many features of the bicleogy in
h-East Asian countries. I India itself, the small

me  VMector of Malaris  din Indis by several authors,

blished by the then Indian Scciety for Malaria and other
guito-Borne Diseases (1961) has fairly well dealt with
ology of several species as krnown till then.
Considering the importance of Anopheles  sosguitoes
tensive research works were carried out in  the control
cte, in accordance with previouws knowledge scouired, with
:gard te their escology,. biclogy and behaviouristic aspects.
first effort to control malaria was started in 19072  at
ian Mir, a cantonment near Lahore (now in Pékistan) by minor
inespensive  methods  sugoested by Bir Fonald Foss.
tral efforts were ma;nly directed on mosquito lweeding in
?ﬁsa} and ifryigsation ponds.  Later in Bombay city the malaria

cantrol led by preventing breseding o f Ancopheles



facies {(Bentley, 1911). These control methods against
arious species  of Anopheles were also  attempted  in
tike Delhi, Hangalore and Pune.
ji Bimilarly, successful malarisa control was  achieved
environmental - management, uses of oil, larvivorous
fumigation and pyrethruws  in Sardar Canal  Froject
1231, Irwin Canal Project (Rao, 194%)  and Cauvery
e Froject  (Fussel and KFnipe, 19420, Other exszmples
lude deweeding to Anopheles fFluviastilis (Viswanathan,
&), and growing shade loving nlantﬁlmvar tea garden drains
‘cantrgl Ancpheles minimus.,  Fussel and Enipe (193%9)  and
 &11 (1941)  demonstrated the atility of pyrethrum  space
ays  for controlling Anopheles culicifacies. But it was
o to be  wunsuwccessful  ageinst  Anapheles Fluviatilis
rsmanathan and Rac, 1943) due to outdoor resting habits.
The advent of DT and its  introduction as  residaal
jJ59cticid95 i 1944, the emphasis shifted to anti-adult
”fmﬁuraa. Senior-White (19245) Viswanathan and Farikh  (1948)
fe the first to spray DDT for civilian use. The success of
wee trimle led to the introduction of rural malaris control
ogramne in 1944 (Miswanathan and'Rau, 19247, 1948, 1247},
pilot  demonstration project (Afridi and Dilip Singh, 1947,
HRamakrishnan et &i., 1948) and demonstration units for the

“use of DDT (Toaaris et &1., 1?53§ Jdaswant Singh et &1., 1953

=s

erks, 1951; Srivastava, 1950).



lowing the success of these trials, Nafional_ﬁalaria
Prmgramme {MMOF)Y) was launched in 1953, Ahout 70
people were covered by residual spraying under  this
mme.  The programme achieved a remarkable BUCCESE {FRao,
ﬁfﬂaswant Singh et al., 1937). Further, the Government
ig with other collaborating agencies such as USAID  and
{NMCR, 1953-1958) launched "National Malaria Eradication
agme”  (MMEFY  in 1988, where the objective of this
Jramme  was total ending of transmission, elimination of
servair of infection and prevention of @ re-establishment.
laria situation drastically improved with 0.04%9 wmillion
wied cases in 1961 in ﬁmmpared.with 20 million cases in
b (Ray =t ai., 1968).
India, however, made spectacular success in achieving
of vector-borne diseases, largely becauae> af wide
toxic effect of DOT on mosguitoss. However , this
ct did ﬁmt last long and mosquitoes species precipitated
";iﬁtant pogatliation with diminish impact o Malarisa control.
rge scale developmental plans brought in radical changes in
é erosystem., Industrizxl and agricultuwral activities set in
motion large scale movement of people from malarious to  non-
larious area and vice-versa and brought in its  wake many
teratinns of the ecosystems. Man’'s greed for exploitation
natural resouwrces brouwght bis in contect  with  wntouched
rgin  escosystem and thereby alter the food chain  and

(%ﬁhavimur of maryy living organisms.



sepaquently, malaria cases increassed to 2.49 @million

Situation deteriorated further reaching a peak of

million in 1974, The steady resurgence of malaria
ed the government of India to implement the Modified
f Qperation (MPOY in April 1977, with the ohjective of
ation of mortality, reduction of morbidity., protection
reen revolution and msdntensnce of  gains achieved
nayvak and FRoy, 19280), Mumbers of Malaria CARES
ased  to 2.7 millicn in 1980, From 1981-84 it remained
static level of about 2 million per annum. Cases
A@ht1y declined in the following yvears to fluctuate between
toe 1.6 wmillion in 19851287 (NMEF Annual  Reports). I
cases reported were 2 omillicn, which sgain shows &
_ady rise, and has remained at that level afterwards. in
total deasths recmrd@d were Z90 including 147 in Orissa
ﬁﬁ_in Fajasthan (MMEF Srnmual Feports).  Thus, it shows
evenn  after  the implementaticon of Modified Flan of
ration (MFOY), the malaris incidence cnuid not be  reduced
w2 millimn CEEES LR YER .

The reaaan% for the set back in residual sprayving has
er elucidated by seversl authors viz., Fay (1977),  Ealra
F78), Famachandra Rao (1979), Sharma and Mahotra (1984).
g cavses of failure of eradication campaion as  esphasized

fhese auvthors wmere technical {like drug resistance in
i, vecbtors  resisteance to insecticide  and s an

sistance to spraying), operatiornal and  administrative.



(1980), Ffurther stressed that under - the strang

lection pressure exerted by residual insecticides over many

years the behaviowr of Anaphelies mosgquitoes bas in many CREEs
dergone & change.

Based on the advances already made on the studiess of

Ancphe i e species,  the resesrches now are  reguired  to be
ntensified in India and it should also be centered around

Cdetermination of  the availlability and distribution of the

.
- various species under controlled environmental conditions

;iﬁwy, 1977y, Aleo it is necessary  to study  each  local
"situation afresh to see whether the old assumptions regarding
identity of Anopheles species and  their hiulmgyk &Hie
}vtmrrect (Reuben, 1980). But in order to do so, firstly, it
 §bacmmEg necessary  to understand the basic structure  and
.Efunctimn o f tﬁeir natural ecosyste@. Secondly, it involves a
horough knowledge regerding their general biclogy. But till
}mw there is no work reported on hilly, semi-hilly and foot-
terrains  of Meghalava state, where the sttb—-tropical
imatic conditions prevail.

R}thﬁugh the seed of awareness for  the wtility  of
ience and Technoleogy has been sown in Meghalaya from the

l%WQhwﬂng oof the Seventh Five-Year Flan, vet the State has

80%  of the population resides in  the rural areas,



from the main stream of development. There are
Cagricultursl land  in Meghalayva  but 85% of  the
ion subsists on agriculture [1991-92 Draft Proposals,

Government of Meghalaya, Eighth Five-Year FPlan (1990~

:?keeping this in view, studies on certain aspects of the
ﬁ@y and behaviour pattern of Ancpheles mosguitoess  from
at aress, Ri-Bhol District, Meghalayvs were undertaken.
study  includes tWe major parts -~ {1} RBiological
S, which includes theilr habitat structure - breeding
e@s  and  their analyvsis, popuiation dynamics, seasonal
sl enc e aﬁd‘mertain aspects of their ecosvstem, and (11}
~structural studies - since many morphological  featuwres
tasonomic and behaviauéal significance cannot be reselved
with the best available optical microscope because of
low resclving power, the uwltrastructural  studies were
rtaken using the Scanning Electron Microscope which  has
b resolving pmw@r‘and large depth of field., Further, it
ppears that a first step in understanding the complexity of
vicarr  smhoaary by agy species is & thorough examination  of

SETE0Y sy sbem. The study, therefore; includes
stigation on morphology of different t?pﬁﬁ trf smensilla,

sensilla  trichodea, =sensilla basiconica, sensilla
ooonia, hair plate sensilla, pit-sensilla, plate organs,
panifmrm ssnsilla ete. in different body parts  in two

resentative  species  from the study area. It iz hoped
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the informations presented from the investigation could
Help for the basic understanding of a sub-tropical
stem as well sz the structural and functional aspects of
opulation, in this region of our country.
phical Distribution

Ancpheles sosguitoes are distributed widely  throughout
world, some species live at the altitude of over 19,000
while other survive as far as BLFED fL. below sea level.
warld ﬁndphai&s faurna comprises of d&d-species, out of
trily  &é species are Enown to be vectors of malaria.
7? af the characteristic featuwres of the anopheline fauna
these regions (riental region)  have  been bdefly
cribed by many authors viz. Christopher (1933), Freesborn
:?), Lame (1949), Dg Meillon {(1949), Hates et sl. (1949},
i (194%), Stones et al. (1959), Rusell et &l. (19863),
nes  and  Delfinado {19?3), Eright ared Qfane (1977 ). In
ia, the swvey of the Anopheles species have e
ensively carried owt, as out of 82 Arophelies species
‘érded, 11 species are currently recognized as vectors viz,
rities | e armiilaris, Mary der Bhalpy, 1a84d; Arncphes 1 es
icifaaiés, Giles, 199%1; Anopheles stephensi, Liston, 1901;
,phaies minimus, Theobold, 19013 Ancpheles tesselalus,
‘thld, 1901 ; Anaphefsskaaanitu5, Donitz, 1902 Ancopheles
wviatilis, James, 19023 dAnophelies philippinensis, Ludlow,
QQ; Ancpheles VLT 5 ITvengar, 17324, Ancpheles

abacensis, Baisis, 1934,
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In the Morth-Eastern Region, with the inclusion of West
Btates and  which is krnown sz the Shillong  Fegion

d 32 species of Anopheles are present wisz.,

wles ~ aconitus, sitbenii, anrsrgialed arnnularis,

balabacensis, barbrirostris, cwicifacies,
fluviatilis, ELHRE . hyrﬁangﬁf irmalasfIoruwn,
Jamesii, jevproriensis, #arw&ri, koohi,
Ieuamsphyrus; Pimdesavi,  maculadus, men§ i i
mirnimuas,; perd b ichas, philippinensis, FERMSEY L,
smpefernd fofus sbgphensi, subpictuas, sunfa ious;

tesselatus, dwrdhudi, wnbrosus, vagus and varuns
(Ball. Mat., Boo. Ind, Mal Mosg., Dis., 9.2, Maroh,

1961).

Out of which, the following species has been recagni;ed
Vectarﬁ, namaly -~ A, philippinensis &, minimus, &,
gllariﬁ, A, bslabascensis, A, aconitus, A, Floavistilis (NICD
af Med. Ent. and VYector Controll}.

Flight and dispersal characteristic of anophelines have
mportant bearing on the distribution pattern {Ramachandra
1785%).,  These behavicowr patterns are controlled not only
the inmate ahilities of the mosgquitoess but also by the
of  the environment, such as, availability ard
.feremceﬁ of breeding places, physiological processess
;Ch regqulate the direction of flight, host preference oF

fectiveness of the control measures which forces  the



I (James and Liston, 1911). According to the
tion  made by Jaswant Singh and Mohan (19581, flight
fdeperaal which may appear to be purposeless flight may
an evolutionary sigrificance cenmected  with survival .
. the process of adaptation of any species may not  be
tey,  due bto various environmental changes, even  though
may  have become acclimatised to  the conditions with
#llotropic forms.
has  been observed by the present author  that  the
of the North Eastern Region of the counhry
areas  of difficult hilly terrains, semi-hilly
8, foot-hills and the plains with varieties of forest
high rainfall,‘pmmr communication and with rivers  and
& meets either with river Brahmaputra (India) or Megna
(Bangladesh) ~ Fig.l. Thus, the distribution pattern
’}ﬁarrain system and the tendency of mass dispersal
st handra Fao, 19843 Jaswant Singh and Mohan, 19513 James
Liétmn, 1211) could be the further evidences for the
ibution and disperssl.

nomic Status

FHYL LM = ARTHROFODA
CL.aigs = INSECTA
ORDER - DIFTERM
SUE-ORDER .o MEMATOCERA
FAaMILY = CLL ICIDAE

GEMUS = ANOPHELES



