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FOREWORD

No other disease has had a wider prevalence or claimed a
larger toll of ife than malana  Various theores about its causation
were advanced from time to time, explored and exploded. il dis-
covery by Ross in 1897, gave the world a full knowledge regarding
the essentral role of the female mosquito 1 the transmission of
malarsa. =It 15 obvious that until the manner in which malaral

and end were d n was
fully known, 1t was not possible to formulate a rauonal plan for
preventing the spread of the disease The necessity for the presence
of plasmodium 1n the past and vector mosquito for the matntenance
of malarna transmission has been proved beyond doubt The carrier
mosquito remains harmless in the absence of resesvorrs of infection 3
nor s the snfection 1n the past transmitted to another person in the
absence of the vector mosquito  1f malania has been successfully
controlled during the recent years, and today we are on the thre-
shold of eradicating the scourge from vast tracts of the tropicy, 1t 1s
because of our intimate knowledge of the subtle ways of vector
mosquitoes and the use of powerful insecticides that intercept the
transmission cycles

Ever since the importance of the mosquito as the carner of
malana was brought to light, mosquites 1n general and the vectors
of malania 10 particular have been studied extensivels These
atudies have resulted 1n a fund of information about the hahuts of
wnsects which form an impoertant lak n the epidemiclogy of
malara

The difference in the behaviour of one species from that of
another or the waya even of the same species in different environ-
ments are often stuking A culietfacues, one of the most important
malania vectors in the rural parts of Indiz s marnly associated with
sngated tracts, and breeds mainly in srrigation channels and waste
ingation water A stephenss, on the other hand s an urban
carrier, breeding largely in wells and asterns A fluniatilis and
A mmtmus breed i foot-hill streams , the former s an 1mportant
sector in the foothills of South Indiz, while the latter’s 1ol as a
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vector 15 limited to the foot hills of he eastern Himalayas The
distribution of A sandaicus 1s restnicted to the salt lake areas of
West Bengal Onssa and Andhara States and appears to he
gradually spreading southward

The transmission of the malania parasite berng a direct result
of the obligatory blood feeding habit of the female mosquito, 1s
necessanly directly proporticnal to the degree of man mosquito
contact The mncreasing importance as 2 vector 1n U P Tera1 of
A flumatilis a species which had not been reported to be respon-
sible for the transmussion of malara in this area uptill a decade
back, brings out clearly now changing environments can alter the
feeding habits and thereby the vectonial status of a species Another
classical example 1s the clearing of jungles in Malaya as a measure
to reduce breeding of A maculatus which turned conditioned more
favourable for A umbrsous, an equally important vector 1n that area

In controlling malana with the modern msecticides experience
has shown that one has to be on the guard to avoid fresh hurdles
that may crop up It has been correctly pointed out that the
victories against malaria in different parts of the wotld dunng the
last decade would not justify complacence on the part of the govern-
ments of other malarious countres 1t should be remembered that
there can also be defeats The development of resistance by the
mosquitees to Insecticsde has been observed by many workers
Fortunately such a ph has not been enc d so far
among any of the vectors of malarra sn Indta  While planniog for
an all out dnve agamnst malam 1s being evolved to eradicate the

disease before the g the d. 1
and the entomologist bave to keep a watchful eye to detect any
d 1o the pt:bility of the q to the

esther physiological or behaviounstic

Though about twenty species of anophelines have been found
refected in nature 1z Indie only the following species are of any
real importance as vectors,

4 culief A phi
A fl i A h and
A rnimus A sundatcus

A review of the available information regarding the vectors 1n
general and of tte priroips] vectors 1n particular has been presented
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1 thitvolume  Most of the chapters have appeared as publications
10 the Bulletin of the National Society of India for Malara and
other Mosquito-borne Diseases Itis felt that such a compilation
will be of immense value to the workers engaged 1n different parts
of the country 1n the National Malania Control Programme parti-
culatly when the goal 1s shifted to eradication of malana from this
subcontinent  Such a review of the present knowledge, apart from
providing available snformation to the workers, serves to emphasize
the lacuna 1n our knowledge about the malaria vectors  Cautious
planning of the control measures to sut local conditions and to
effuctively bt the local vectors, search for new knowledge regarding
the subtle ways and adaptive modifications 1 the carner mosquito,
are expected to be stimuylated by the present review.

~Editor






PICTORIAL ACCOUNT OF MALARIA
VECTORS IN INDIA

BY
M L. Buatia
and
N. L. Katra
{Malana Institute of India, Delhi)
[June 12, 1957]

To a malariologist outin the field some aid 15 essential an
cheching up the identity of a vector ancpheline  An attempt has
been made to do away with Iengthy descnpnons of morphology
and present some notable b and ¢
representation of adult females 1n the accompanying pages to serve
as a ready rechoner

Anorhelt: annulan: (Fig 1) —Medium sized mosquito with

ly dark general covered
with short pale scales, unspeckled legs, three hind tarsal
ly white, V 5 ext ty dark or at least

dark spot at lhe potnt of bifurcation, some specimens show a
dark bind 1 the basal region of the third hind tarsal segment
thus showing only two hind tarsal segments completely white

A philippiensis (Fig 2) —General appearance very similar to
annulans but with paler wings, closely resembles palltdus
Inner and outer prchumeral accessory dark spots on costa
usually divided but 1n some cases basal third costa manly
dark, V 5 mamly pale as 10 pallidus, unbke pallidus
sternopleura 1s usually devord of scales, apex of hind tarsal
segment 1 usually pale

A stephenst (Fig 3) —Easily distinguishable species by its speckled
legs, tips of hind legs dark and speckled palpy with two distal
broad and one proximal pale bands , mesonctum with obvious
scales

A wedaus By ¢y —O ble thatof subpatus
from whichit s easily separzble by the speckled legs , has a
superficial reeemblance ta stephen:t but 1s at once distine
gutshable by palpr being unspeckled and having one apical
broad and two sub-apicat narrow white bands, mesonotum
with hairs or natrow hair Like scales
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A flumatilis (F1g. 5) —Small to medium sized comparatively dark
mosquito, palpt with three pale bands, the dark band between
the apical and sub-apical pale bands 4 to 5 times the length
of sub-apical pale band Mesonotum pale medsally, dark
brown laterally Inner quarter costa continuosly dark;no
fringe spot at V. 6, tars: all dark or with very faint banding.

A mmmus (Fig 6) —Closely bles fl lis, but ch d
by palpt with two broad apical pale bands, intervening dark
band usually about as wide as erther of the pale bands, rarely
exceeding 1wice the extent of a sub-apical pale band, Pro-
boscis mav be dark or have small flavescent area ventrally
inthe distal half Inner quarter costa with a pale inter-
ruption or an indication of this on at least one wing

A varuna (Fig 7) —Resembles mmimus from which it can be
differentiated by 1nner quarter costa without any pale inter
ruption or any trace of 1, distal half proboseis usually shows
faint or sometimes marked flavascence

A jeyponensis var candidiensts (Fig 8) :—Small to medium sized
mosquito, mesonotum covered with narrow whatish scales,
base of anterior forked cellis slightly nearer the wing base
than that of the posterior forked cell Wings with presector
humeral pale spots, narrow pale apical bands on tars: present
There are three pale bands on palpy, the apical 1s broader
than the other two pale bands Inthe type form the sub-
apical black band 15 4 to 5 times the length of the sub-apical
pale band but in the vanety candidiensts the sub-apical black
band 15 equal or shightly broader than the sub-apical pale band

A leucosphyrus group (Fig 9) —Medium sized mosquito with
narrow pale bands on palp, proboscis dark, wings with
multiple small dark spots on a number of veins, particularly
V 3,V sand V 6, legs speckled, a wide white band at the
tibio tarsal jomtof hind legs, fore tars1 apically and basally
banded, hind tars: apically banded and tip of last segment pale

A cuherfactes (Fig 10) —Small to medium sized mosquito with
culex-like attitude when resting in living state, palp: are dark
with narrow pale bands including that at the tip , mesonotum
without scales , wings with a dark spot on V 1 under the pale
interruption (humeral) on nner quarter of costa, V.3 all
dark, legs dark and tars1 usually unbanded
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A philippinensis x 16
FIG. 2



Puctonial Aceount of Malana Veetors m India

A stephensi x 16

FtG 3

w



Vectors of Malana wn India

EY r
\

1

// A sundaigus X 16 \

N ~

ci1G 4



Pictorial Account of Aalaria Vectors in India

A fluviatills x 7

FlG.5



Vectors of Malana n Indua

A minimus X 16
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1. A. ANNULARIS VAN DER WULP, 1884

oy
V. Venrat Rao

[ July 7. 3954 }

Tirt about 1930, Anopheles annulanis was known in Indna as
A, fubginosus. Tts extra dark band on the apical segment of the
palpt, was deseribed 1n 1904 as vaniety magpon while that with an
extra dark band on the hind tarsus, giving only two segments
continuously white asvar adier  Both these are only melanic
vanations, the latter being usually seen a3 a winter form (Cheusto-
phers, 1933).

‘Though A annulans is not important as a malana vector in
India as 3 whole, 1t has considerable local impostance over 2 large
area 1n the Ornissa Coastal Plain, where it maintains hy perendemic
conduions. In certain areas, 1t plays a secondary part 1 malarta

and 13 ble for severe eprdemic

outbreaks
DISTRIBUTION

A. annulans has a very wide distetbution 1n India! and s the
Far Cast It 1t found almost everywhere in India, from Nepal
10 the north to Travancore in the south and from Assam in the
east to Bombay in the west Outside India, 1t has been recorded
from Palastan (both east and west), Phibppines, Formosa, South-
China, Bornen, Java, Sumatra, Indo-China, Malay Pemnsula,
Thaland Burma, Ceylon and Little Sunda Islands

BREEDING PLACLS AND HABITS

The preferred breeding places of 1. annulans are clean
weed-gronn stagnant waters, notably margins of lakes, tanks,
moate, dead rivers, swamps, borrow pits and ncefields  Sometimes,
118 also found in large canals with veretation and in grassy edges
of al g streams (Ch hets, loe, air)  Studies by Sen
1941) and Sentor White et al. (1943} 1n Bengal und Onssy rew
pectively have shown that, alule A annulans s capalle of breeding

3 Chuty e plams bt wlio an the bl s up t0 7 000 fectoeEdior,
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1n a large variety of waters, the vast bulk of the breeding takes
place 1n large weed chocked 1anks, pondsand borrowpits on the
one hand and 1n ncefields on the other  Senior White found that
borrowpits tanks and nicefields were responsible for g3 8 per cent
of the total annulans output at Bhadrak and 98 4 per cent at
Rhurda Road  Even where the tanks and botrowpits were clean=
weeded at regular intervals as at the above two stations 67 per
cent of the total larval output was found 1n them agamst about
27 per cent in ricefields

The tanks and ponds of Onssa and Bengal are overgrown
with aquatic phanerogamic vegetation to a much greater extent
than anywhere else 1n 1n India In Orissa Senior White and others
1dentified from these waters 43 spectes of aquatic plants, not all of
which were however, favourable for annulans breeding  Working
in Bengal, Sen (loc oit) observed that Hydnlla verticillate and
C phytls d were Iy ted with annulans
In Ornissa in addition to these two species Nymphea lotus Nelim
bum cnistatum and Salvinia cacullata had also been found associated
with annularis  On the other hand, certain plants hke Lemna
minor Lemna polyrthiza Wolffia arrhiza and Eichorma speciosa were
found unfavourable and even appeared to have an inhibitory effect
‘The breeding 1n ncefields 1s often d with the of
filamentous green alge mawly Spirogira  In hill tracts however,
where tanks ponds and borrowpits are scarce, larvae are found 1n
the grassy edges of slow runnine streams and ran-fed ricefields
but ther output is probably very low ?

A annulans s mamly a fresh water breeder, but on a few
occasions, Venkat Rao and Ramakrishna (1947) abserved protuse
breeding along the margin of the Chilka Lake in South Orissa, at
a time when the salinity of the lake water was 600 parts per
100 000

Muirhead Thomson {1951) bas shown that the temperature
of stagnant waters like tanks and nicefields 1n Assam was about
41°C (106°F) at a ime when the temperature of water mn grass-
edged streams seéldom exceeded 34°C (90°F) The marked pre-
ference of 1 t0 waters, therefc d that,

2 Borel (1926} i Indo-China found 1t breeding 1n tree holes and cut bamboos
‘Walch and Soestlo {1927) recorded them in saline water 1n Java—Editor
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the aguatic stages develop best in waters with 3 relatively higher
temperature or at least that the flora favoured by them are present
in quanti'y under such conditions

It may be stated in general that the breeding of annularis 1s
profuse in areas with large bodies of stagnant water and vast
stretches of ricefields, where these are linuted, annulans ss for 2l
practical purposes insignificant

ADULT HADITS

Resting places — Quoting a number of observers Chnistophers
{loc ot ) concluded that 10 India annulans was pre-eminently a
cattle feeding species being commonly found an very large numbers
10 cattlesheds and such hke situations”  Senior White et al (loc et )
also found the average ratio in human habitations and cowsheds
as1 3 They also observed that the maximum number in human
habitations occurs frequently 1n August and September and the
maximum 1n cowsheds in October and November and that the
large 1 production fl inta heds more than
sate human habitations  In cowsheds mad  of thatched roofs with
or without mud or bamboo walls A arnulans rests to an appreciable
extent 10 the inaccessible layers of the thatch and it has been
found that in collectons by dhand only about two-thieds of the
resticg adults are captured  The peesman hour colluctions made
by hand catching are thus hkely to yield only incomplete intor-
tion about the actual annatans prevalence

‘The out door testing habits of annulans have been sery hutle
studied m India While working on out door resting anophelines
Sentot White (1946) was able to collect only one specsmen of
anrufars resting on the bank of a stream but hus observations were
cartied out 1n hill tracts where prevalence of annulans 1s negligible *
Mote observations have however been carned out in Burma  Tha
Gyaw (1927) recorded that, from June to Qctober, adults of this
species could be fourd resting duning the day in scrub jungle around
their breeding places in Northern Burma  Fox  (1950) quoted
Feegrade s observation that though adulis could be scen feeding an
cattle ot night, there were vone in human habitaticns or cowsheds
dunng the duy  He also added h s oun abservauons that 1o the

3 Glleed from ament tushes Grass aic anay from Dabutanens (Chas

wihbers 1913)-Ed or
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Mandalay-Maymyo foothills, while 298 adults were captured 1n
night coll not a single was found resting by day in
human habitations ~ These facts indicate that annulans 1n Burma
rests more 1n outdoor shelters and 1s thus somewhat scarce 1n day

time collections from either human habitations or cowsheds

Feeding time —The author’s observations made 1n a student’s
hostel at Chatarpur (Ganjam District, Onissa) show that annulans
enters the house for feeding during the second quarter of the night
and that most of the feeding 1s completed before midmght Occa-
sionally, however, they are found feeding at or shortly after sunrise

Food preferences —There 1s no doubt that A annulans 15
mamnly a zoophilous mosquito  Senior White (1947) dealing with
Qnssa Coastal Plain where annulars 1s 2 vector and the Central
Provinces where 1t 1s not remarked that in both the areas the
anthropophilic index 1s so low that prima facte 1t appeats mconcesva~
ble that it should play any part in ralaria causation  The anthro-
pophilic 1ndices of house and cowshed resting specimens in these
areas are shown o Table 1

TABLE 1
Anthropophilic indices of A annularis

Area Houses Cowsheds Totals

N0+JM+}AI Na+‘M+|AI No +|M~+4| A

| — A

)
Omnssa  Costal
Plam 281 10 | 36 | 553 T 02 834 It 13

Cuntral Provinces | 148 | 3 |20 | 4661 8 | 17 | as

M=positive for man  No +=number posttive
A1 =anthropophul ¢ ndex per cent
Though precipiun tests were not carried out for annulans in
Burma, night collections, as reported by Fox, were made while
mosquitoes were actually feeding or about to feed, which tend to
conform the Indian workers’ observations on the zoophilic habuts of
this species

Fox (lrc et ) concluded on the basts of available evidence that,
0
under normal conditions, annulans feeds mainly on cattle and that,
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if cattle are not avadable, st will readily feed on man  Healso
quoted Macan as stating that anrulans feeds on man-out-of doors
to0, if cattle are absent

Gonotrophic cycle —It was observed m a latge numbet of cases
that dunisg July to November, when annulans prevails in large
aumbers, the phic cycle, 15 pleted 1n 48 hours
However, dunng the laxz rainy scason and the autumn about 20 per
cent of mosquitoes, are observed to fequire two or more feeds to
mature 2 eingle batch of eggs  The interval between the first feed
and oviposition may 10 such cases extend 1o six or even erght days
Thli d bed as * G h d d: e (\'cﬂkl‘
Rao, 1947), has been observed also an A cultcifacies in the Central
Provinces The same condition has since been observedin A flutia~
4ihis 1n South India by Jaswant Singh and Moban {195}

Suwarming and mating —In India, desprte the immense amount
of wotk which had been catried out on the nich anopheline fauna
up till about 1937, no observations had been made on swarming of
Anopheles (Mutrhead Thamson, loc ctt)  The first of such obser-
vations tn natute were made in respect of A agnnulans and
A subpctus by Ramachandra Rao and Russell (1938), which wete
followed by those on A subpictus by Venkat Rao et al {1942)
Subsequently the present author abserved swarming of males and
females of arnulans at Gangadharpur in Orssa, the same village
where observations were eathicr made on sundaicus and subpictus At
the time, there was profuse breeding of annulans tn the salin water
of the Chiika Lake, whereas no such breeding was talung place
elsewhere near the village as the ncefields had dried up and the
fresh water tanks and ponds were under regular clean weeding and
pans green treatment  Atabout § 30 pm (Undian Standard Tine)
i March 1946 a large swarm of mosquitoes was observed about six
feet from the ground level not far from the Chilka Lake
Thev were all annulans, both males and females  Copulating parrs
were also observed i the snarm - Watking away from the Lake, the
sudrmwas obseried in an almost unbroken hine for nearly half-3-
e, beyond which at gradually tlunned out ¢ will be of mnrcress
to rote that sundascus and st brictus swarms tock place well an ay from

-

Sm ot Wae 9n) desling wath e phenome ol erved 1n 3 numbee of
oAt e A abamirent N ne T e rmrked v
Btrnt teat Dettnebac Concotdanne s7rears to be the o 300 L ¢
VIRt C i vevers] Ansrheres AR
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the Lake, on the elevated platform of the ralway station, which was
at least 20 feet above the level of the Lake, whereas the annulans
swarm was observed at a lower level of only five feet or so above the
Lake and not beyond that altitude

Flight range ~Chustophers (loc cit) remarked that annulans
“1s a powerful fller’, covermg considerable distance from its
breeding places and mav be seen darting rapidly, when disturbed
during the day, among bushes etc ®

il:?zemauan —There 1s, of course, no true htbernation among
Anopheles 1n India but, during winter, there 1s an apprecrable
reduction of A annulans density jn Onssa,® though breeding places
are still found 1n abundance However, the winter form with the
extra dark band on the apical zegment of the palpt 1s observed to
come up 1n small numbers, not only 1n the Central Provinces where
the temperatures are low in winter, but also in the Ganjam District
of Onissa where the winters are very muld,

Longevity—Very ittle study has been made of the longewity
of annulans, enther under laboratory conditions or by field trials
It 1s generally well known that, though all anopbeline spectes are
potential vectors many of them do not take any active part 1n trans-
mussion 10 nature because of their feeding habit lack of sufficient
contact with man or inability to survive long enough to complete
the sporogonic cycle  Perhaps A annulans belongs to the last cate-
gory However, Semor White et al (loc et ) calculated, by the
relative prevalence of larve and adults, that the longevity of this
species mcreases during September, October and the first half of
November, when thete 15 increased urge to feed on man and when

only 1nfe are d On account of gonotro~
phic discordance observed by Vankat Rao (t947) the mosquito 13
fixed 1n houses (or heds) for prol d periods whereby 1t 1s

not exposed to the natural hazards incidental to outdoor existence
It thus appears that, 1n nature, annulanis acquires greater longevity
during September-November, than at other periods of the year.

s Anti larval treatment of breeding places situated within a radius of half 2
mile from the pertphety of habitatians can result in efficient malania control
among the inhabitants

6 A annulansisa winter species tn Delh State—Editor
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infections were found, giving an infection rate of oo7 per cent
and a sporozite are of 0 05 per cent These mfection rates are lower
than those recorded 1n India but there too transmssion 1s probably
dependant upon heavy densities of the vector In this region also,
annularis co-exits with A sundaicus but cuniously enough no
infections were found 1o the Jatter species and, therefore, annulans
has to be considered as the major vector, with A sundarcus plaving a
secondary part  Fox also quotes Robertson as recording six
* inf * out of 302 d d (inf rate 1 § per cent) on the
Burma-China border in Western Yunnan, where A munsmus 1s the
princrpal vector ®

CONTROL

Antr Jarval measures agamnst a prohific breeder like A annalans
are likely to be very difficult in rural areas  As the breeding occurs
10 both weed choked stagnant waters and in nicefields, chemical
Jarvicides like o1t and panis green are lable to be very costly and,

owing to ble weather d. neffective as
well  Brol 1 like cl ding were tried on a large
scale by Senior White ef al (2943) and Venkat Rac and Ramaknishna
(1947) and observed to be effective against annulans but they were
tried at 2 ime when labour was cheap enough to compare favourably
with chemical treatment At present, owing to greatly increased
cost of labour, such measures are not likely to find favour with
erther malanologists or admimstrators  Paris green treatment of
nicefiels is beset with difficulues, not the least of which 15 the
oppositions from rice growers who are perhaps needlessly afrard of
damage to the crop Venkat Rao {1942) has shewn that annulans
breeding 1n ncefields can be effectively controlled by stocking them
with sullage duning the dry season (or by a Iiberal use of organic
manures like compost) but this presupposes a high level of agri-
culture which 1s yet to be attained

As the transmission 1s restnicted to four months only from
August to November each year, the best method of control would
be to spray ol houses and cowsheds with DDT at the rate of 1co
miligrammes per square foot in a single dose during June July The
per capita cost of such spraying does not exceed six to esght apnas,

8 Tyssal Jones (1050} considers annularss as the principal vector m Kyankpyn
Ramree island 1n Burma—Editor



I A Annualanss Van Der Wulp 1884 21

which ss well within the financial capabilities of any community
[Effecuve control of this species by DDT residual spray has been
obtamed 1n mud plastered houses in Ortssa (Hayra 1048 Adhikan
and Ganguli 1949) The dosage used was 38 50 mg per sq ft and
1ts residual effect Jasted for 6 8 week —Editor )

In large towns like Cuttack and Berhampur where the popula
tron 15 high and breeding places are relatively imited clean weeding
of stagnant waters coupled with improved methods of rice culture
specrally 1n the immediate viamty of towns 1s ] kely to result in
effective control of malana there Itis realised that these towns
are not endemic for malaria but are subject to penodical epidemic
outbreak however, continued work specually 1 the inter epidemic
periods may be found to be advantageous in warding off and even
eliminating such outbreaks
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nfections were found, gving an infection rate of 007 per cent
and a sporozite are of o 05 per cent These nfection rates are lower
than those recorded 1n India but there too transmission 1s probably
dependant upon heavy densities of the vector In this region also,
annulans co-exits with A. sundmcus but curiously enough no
mfections were found i the latter species and, therefore, anmulans
has to be considered as the major vector, with A sundascus playing a
secondary part  Fox also quotes Robertson as recording si¢
“infections’ out of 302 dissected (infection rate 1 5 per cent} on the
Burma-Chna border 1a Western Yunnan, where A minimus is the
principal vector ®

CONTROL

Antr-larval measures against a prolific breeder ike A annulans
are likely to be very difficult 1o rural areas  As the breeding occurs
1n both weed choked stagnant waters and in ricefields, chemical
larvicades like ol and pans green are liable to be very costly and,

owing to unf: ble weather cond s, meffe as
well  Biol 1 like cle: ding were tried on a large
scale by Senior White et al (1943) and Venkat Rao and Ramaknshna
(1947) and cbserved to be effective against annularis but they were
tried at a tme when labour was cheap enough to compare favourably
with chemical treatment At present, owing to greatly increased
cost of labour, such measures are not likely to find favour with
erther malanologists or administrators Pans green treatment of
ncefiels 1s beset with difficulties, not the least of which 1s the
oppositions from rice growers who are perhaps needlessly afraid of
damage to the crop Venkat Rao (1942) has shewn that annulans
breeding 1n ricefields can be effectively contrnlled by stocking them
with sullage during the dry season (or by a ltberal use of organic
manures tke compost) but this presupposes 2 high level of agri-
culture which 1s yet to be attained

As the transmission 1s restricted to four months only from
August to November each year, 1he best method of control would
be to spray all houses and cowsheds with DDT at the rate of 100
miligrammes per square foot 1n a single dose during June-July The
per capita cost of such spraying does not exceed six to eight annas,

8 Tyssal Jones (1050) considers annulans as the prinespal vector n_Ryankpyn
Ramree island 1n Burma—Editor
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which 1s well within the financral capabilities of any community
{Effective control of this spectes bv DDT residual spray has been
obtained 1n mud plastered houses 1 Onssa (Hajra 1948, Adhikan
and Gangull, 1949) The dosage used was 38-50 mg per 5 ft.and
1ts res:dual effect lasted for 6 8 week ~Editor |

In large towns like Cuttack and Berhampur, where the popula-
tion 3s high and breeding places are relatively imited, clean weeding
of stagnant waters coupled with rmproved methods of rice culture,
specially 1nthe immedate vicimity of towns, 1s likely to resuit in
effective control of malara there Itis realised that these towns
are not endemic for malana but are subject to pertodical~epidemic
outbreak , however, continued work, specially 1n the mnter-epidemic
periods may be found to be advantageous in warding off, and even
eliminaung such outbreaks
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1. A PHILIPPINENSIS LUDLOW, 1g0z
BY
K S. Krisunan
(Malaria Institute of India, Delhi)

[June 6, 1953]
DISTRIBUTION

A philippinensis has 2 wide distnibution 1o the Indian sub-
continent(Map 1)—Assam, Bengal, Bihar, Bombay, Deccan  Konkan,
Madras Coast North, Malabar, Mysore, Otissa, and Andamans
OQutside India 1t 13 found in Burma, Thailand, Indo China, South
China, Sumatra, the Philippine Islands, Borneo and New Guinea,

INDIA & PAKISTAN

WG © sTRBUT on OF
A rhlpmnnss e

& vers sesvune s

BREEDING HABITS

The favoured breeding places of A philippinensis are tanks,
pools, and ditches, Christrophers (1912) and Covell (1927) found
this species breeding n nicefields in the Andamans  Sen (1935,
1948 a and &) ded phil. breeding 1n ricefilds i Bengal
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while m Bengal the preference was more to the houses Gangult
{1947) found 1 Bengal-Onssa border (between Balrampur and
Ruspa) that adults were resting anly 1n houses and in two years
search no specimen was collected 1n cattlesheds while the number
collected 1n houses was 276

Iyengar (1944) found that the adults usually rested on the wall
withm 1} feet of the floor inside houses Ganguli (loc cit ) could
not confirm this finding but observed that A philippinensis rested in
the day time on the walls of dark room from about four feet above the
floor, hanging clothes umbrellas, etc, and were not found too near
the floor Rerd and Wharton (1949) in Malaya found 454 philip
pinensis adults resting out of doors during day time 1n a rubber estate
1n a total collection of over 1,600 anophehines

BITING TIME

In Bengal, the adults were mostly noted to feed from 8 to
1opm and 2to 42m In Malaya, they were found to feed
throughout the night and the majonity did not commence feeding
until after g pm  (Re:d and Wharton, 1951)  Wharton (1950} ob-
served that philippinensis entered huts after g pm  After feeding
they went to the grass outside the sheds and many of them rested
there till dawn  Macan (1950) in Arakan region reported that this
species attacked people out of doors He also observed that
A philipptnensis showed a small biting peak round about mtdnight
and a main peak between 0300 and o400 hrs The same author
{Macan, 1948) while working 1 the Rabaw and Kale valleys n
Burma found the peak of biting intensity between 22 30 and 23 oo
hrs and theredfter a matked falling off, a second peak between ot oo
and o1 30 hrs and biting continued at a reduced rate from then
until dawn

ANTHROPOPHILIC INDEX

The precipitin tests carried out are very few and the only
published records are from Assam by Ramsay and Macdonald (1936)
where the anthorpophilic 1ndex noted was 6 410 343 specimens
tested, and 1n Malaya the index was zero per cent 1o a test conducted
on adults caught from outdoors (Reid and Wharton, 1949)

FLIGHT RANGE
No iaformation direct or indirect 1s avatable regarding the
flight range
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often gives rise to intense culicine breeding, (2} complete removal
of vegetation and (3) ntroduction of water into the area to raise the
\water table—wet cultssation to be encouraged  He also considered
that drasnage was not a suitable measure to control the breeding of

A philippmensis in Deltaic Bengal
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1. A STEPHENSI LISTON, 1901

BY
K § Krisunan

( Malaria Institute of India, Delhs)
[ October 2 19531

THE possible existence of two races of A stephensi was
thought of at various times (Knowles and Basu, 1934 , Mulligan and
Bally 1936 Ramsay and MacDonald, 1936) Sweet and Rao
(1937) were able to show sigmficant differences 1n the eggs (Appen-
dix 1) and classified the species nto two races—A stephenst type
and A stephenss var mysorensts They also showed that the two
races differ in therr adult habits The vanetal form ss less hardy
than type form more zoophilic and difficult to colonise As few
records are available where this species has been treated 2s two
races, for purposes of this review both the races have been dealt with
as one species but wherever st has been possible they have been
discussed separately Viswanathan (1950) regards type form as
inhabitant of urban areas and the var mysorensis of the rural areas

DISTRIBUTION

A stephenst 15 widely distnbuted 1o India (UP, Punyb,
Delh, Saurashtra Madhya Pradesh, Bombay, Hyderabad Madras
Bengal, Bihar, Mysore Assam and Kashmir (vide map 2) Outside
India, 1t 1s found n N W F P, Wazinistan Sind Burma and China
Its distrbution extends westwards through Bahrein Islands, Iran 2ad
Iraq to E Arabia It has not been recorded from Ceylon, the Anda-
mans, nor has 1t been found m Malaya

BREEDING PLACES

A stephenst, in the urban areas, breedsin wells, cisterns,
fountant s, ornamental tanks artificial contaners and m waters used
for keeping the surface of cement concrete wet during building
construction  In rural areas, 1t 1s found, breeding i pools, 1n
stream beds and at the margin of stream itself, 1n seepages and
marshy areas with a gentle flow of water, irnigation channels, reset-
voirs and springs, sh a fi to sunlit breeding places
(Mulligan and Baily, loc cit)  In Bahrein, the larve were found in
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drains  shallow wells and garden pits containing seepage water
The upper limit of salinity 1n Which larve were found was 2 750
parts per 10 coo (Afrdi and Mapd, 1938) In Bombay this species
has been found breeding 1n water with high saltmity sometimes
sreaching or even exceeding that of sea water (Bently 191z Chalam

1926 Bana, 1943) Inlraq A step/enst did not breed readily
localities which have high sahmity or which are shaded by over

banging or Grassy d and pools
yielded very high numbers of larve They were raren large
expanse of water and abundant 1n small pools (Macan 19,0) Roy
(1931} 1n Calcutta found that this species could tolerate water with
high degree of organic pollut on and found breeding 1n dramns conta

minated with sewage Russell and Mohan (1939) successfully
teared A stephenst larva 1n the laboratory 1n sullage water contamn

g upto 5o parts per mullion of ammonia mitrogen It breeds
equally well n places exposed to direct sunlight and 1n dark places

Its larva: have the power to sink d-ep and to remain there for long
periods before reappeaning at the surface

ADULT HABITS

Resting places —There are conflicting views regarding the
resting habits of A stephenst In Mes potama Christophers and
Shortt (1921) found that this species s of retiing habit and its pre
sence therefore, 15 not easily detected Macan (loc ctt ) 1s also of the
same view In Calcutta, hnowles and Basu (1934) expenenced
difficulty in captunng adults in dwell ngs 1n sptte of the species
breeding 1n large number throughout the ety Ganguls (1935) also
found this spec es very scarce m Calcutta  Strickland et al (1936)
duning one years survey were able to collect 273 specimens of
A stephenst out of a total of 8 564 anophelines among the former
only a few were noticed to have taken a blood meal  Senior White
(1940} concluded that the day ttme resting place of the species 1s
obscure ta Calcutta Mulbgan and Baily (1936) in Quetta found
that A stephens: showed ama ked preference for resting places in
close prouimity to human and amimal dwellings Out of 1 2c0
specimens of A stephenst 1 119 were collected trom human hatx
tations or from situation in their immediate vicimity  In Quette
stepheny rested by day close to where 1t fed at night. It was rarely
found 1n outdoor resting place Afndi and Mapd (loc ctt j n
Batrein Islands came to the conclusion that A stephenst selects 1ts
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day-time resting places 1n houses situated 1n the vicimty of its
breeding grounds but that 1t makes datly incursions into the 1aterior
of the town 1n search of food  Subba Rao and Appa Rao (1945) 1n
Vizagapatam found that this spectes was rare 1n pukka houses but
plentiful 1n thatched huts and cattlesheds Rao et al (1949) collec-
ted easily large numbers of adults from 10s1de dwellings 1n the ceded
districts of Madras  Ina total collection of 3 885 stephens: adults

18 per cent were found in human dwellings, 32 per centin cattle

sheds and 5o per cent 1n mixed dwellings  Adults when resting
1ndoors are usually found on palm leaves hanging vertically from the
roof on mens kits especially leather belts, haversacks etc and
under the projecting eaves of huts It has also been observed in
ceded districts of Madras that A stepliens: showed marked prefer

ence for vertical surfaces acommon haunt being the junction of
walls and ceilling Attics used for storing fodder yrelded a good
number of this spectes (Rao et al , 1946}

Buiting ttme —No experimental work has been done on the
bitng tume of this spectes It 1s presumed that it commences to bite
at dusk or soon after DeBurca and Jacob (1947) found A stephens
feeding 1n the open at ogoo hours They also observed that m early
afternoon while sitting tn rather a dark office 1t bit 1n numbers
Nursing et al (1934) 1n Mysore used a tent with human bait and
made collections atg pm and midnight and againat 4 am and
6am inthe morming Ingpm and midmight catch A stephenst
formed 33 o per cent of the catch and between 4and 6 am 1t was
67 per cent The condition of the mosquitoes was not noted and
hence 1t was difficult to assess the hiting actiity In Baghdad,
certain observations m 1941 showed that biting time of A stephenst
was over by midmight {(Ramaknishnan, 1953)

Food preferences —Sweet and Rao (1937) stated that the type
form feeds awidly on man Roy et al (1938} found by precimtin
test that 3 4 per cent had fed on man and 6 6 per cent on cattle ;n
a total of 172 samples tested Afndi et al (1939) found 1 4 per cent
of A stephkensi with human blood 1n a series of 360 positive precipi-
tin test  Senior White (loc cit) stated thatin Calcutta both the
races are attracted to cattle rather than to man  Barber and Rice
(1938} 1n Poona found no human positive in 43 positive precipitin
tests Rao et al (1946) found the anthropophilic index of 4 h
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to be 0 8 per cent 1n a total positive precipitin reactions of 75 691
per cent had fed on cow

A senies of precipitin tests of blood meals of A stephens: were
carried out 1n the lsboratories of the Malaria Institute of India  In
Bellary area the anthrophiltc index was 170 per cent while 26
per cent were positive with bovine serum out of 118 tested In
Muninbad area (Hyderabad State) out of 24 bleod meals tested
41 per cent gave positive reaction with human serum (October 1949
—February 1950) The anthrophilic indexin Ajmer area was as
high as 47 per cent m a total of 201 blood smears tested
(Apnl 1950, Malara Institute Report 1948 1950}

Fhght range —~Covell {1944) surmised that 1n urban areas this
spectes has a fight rarge of 3 mile In rural areas 1t can fly a
distarce up to 3 mules Russel ez ¢l {1943) In Bahrein Islands
Afnidi and Mapd (1938) found this spec es resting 1n huts 1} mules
away from the nearest breeding place and thus assumed that
distance 1o be the fl ght range

Seasonal prevalence —The pesk of A stephensi breeding in
Calcutta cccurs 1 July and thereafter rapidly folls until Decen ber
{knowles and Basu 3939) In Quetta this species was more preva
lent from July to September and then theze was sudden fall towards
the end of September and by early part of October adults of
A stephenst wete extremely scarce (Mulligan and Batly Joc ait) In
Iraq A stephensi had two marked seasons in May and June and in
October and November and 1n the intervening months 1t was scarce
(Macan loc et} In ceded d stricts of the Madras State Rao et al
(1946 ) found that the peak months for thes species were from
November to March

Hibernation —Mulligan and Baily {loc ctt) stated that in
Quetta A stephens: probably did not overwinter m the adult stage
Adults of A stephens: showed a marked decline 10 numbers towards
the cold months In Iraq there was no evidence of hibernation
and the species probably bred throughout the year and the numbers
became reduced during the cold weather (Macan toc eit )

Suarmmg and mating ~-Swarming and mating of A stephenst
has not been obscrved in nature Russell and Moban (19390}
have described the swarming and pamng of the spectes nside 3
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colony cage and 3t would be of interest to read the ongnal article
Raoet al (1938) had no difficulty in colomsing A stephens: type
even in small cages but A stephenc var mysorensis resisted all
attempts at colomsation and no generatien beyond Fy, could be
obtatned  Sensor White {loc 1t ) observed that the fertihity of var,
mysorensis 1n captivity was very law But Russell and Mohan (1941)
successfully colonised var mysorensts through nine generations

Longertty —Knowles and Basu (1943) carried out studies on
the infectvaity of Anopheles stephenst Dunng these studies they
kept mesquitoes alive under controlled conditions of temperature
and humidity after giving one blood meal and later fed on fruit
yuice and water  They came to the conclusion that the death rate
increased at high temperature At 100°F, none survived long
enough to become infective In therr words “At temperatures
tetween 50°F and 80°F a high degree of relative humidity does
not seem to be essential for the longevity of A stephensi as long as
suffictent food and water are provided, but at higher temperatures
this factor becomes of great importance,” The percentage of
survivers of this species was found to be highest at low temperatures
and with higher percentage of hurmdity

RELATION TO MALARIA
This 1s an important vector under rural conditions 1n Western
and North Western India, the Persian Gulf and under urban condi-
tig1s 1n certain localies (Bombay Bangalore and Luchnow).

A Fr ny. was dered less important as a
vector than the type form but Seniar Whte {foc et ), and Subba
Rao and Appa Rao (loc it ) have shown 1t to be the chief rural
carrer 1n Vizagapatam  Natural infections recorded in this species

(both races) are given in Table 1.

Cuty of Bombay had a severe epidemic of malaria 1n 1901 It
was due to A steph bhshing 1tself to breed n wells and
csterns throughout the eity, an unusual adaptation which this
spectes alone has shown (Chustophers, 1949)

A stephenst has caused severe malaria epidemics 1n certan
areas In the year 1929, Lucknow city had a major malana epide-
mic which was quite pecuhar 1n that it was duning late spning
(Apni—September) mnstead of 1n the autuma as usual 1n this part of



111 A stephensi Lusfon, 1901 EY

India A stephenst was solely resposible for causing this epidemic
and the infections were predominently of bengin terhan  The
mortality rate due to fever 1n the month of May was as highas
6 05 per 1 coo (Banerjea 1930)

In September 1941, when troop concentration commenced 1n
and around Baghdad there was a sharp epidemic of malana which
affected the troops as well as the local urban and rural populations
The only mosquito found nfected was A stephenst  The epidemic
was quickly brought under control by space spraymng with
pyrethrum everyday for about four weeks (Ramakrishnan loc ait)

CONTROL

For the control of urban malaria transmutted by A stephenst
Covell (1949) recommended the provision of a continvous high
pressure supply of filtered water 1a order to do away with the
necessity of storing water on premises and wells and cisterns to be
made mosquito proof This species 15 very susceptible to DDT
Fffective control with this insecacide has been obtained by Afndi
and Bhatia (1947) Viswanathan (1950) and Adhikars and Ganguli
(1949) The dosage used ranged from 25 to 50 mg per sq ft

A STEPHENSI A% A USEFUL LABORATORY INRECT

A stephensi s a good laboratery insect It colonises easily 1n
small cages 1t adjusts itself to varying larval and adult environments
and feeds equally well on man and other ammals and 15 highly

to 1 infe Russell and Mohan (1939h)
suggested that A stephenst may be used as a measuning rod to
gauge the of fe

0 other spectes 1n
India

A stephenss has also been found susceptible to experimental
filanal infections of mf bancrofts and not of mf malays (Rao and
!):ngar, 1932 and Raghavan and Kushnan 1949) This insect

fore, may be « tly used for ! mn
human filaral infections

DISCUSSION
Roy et al (1938) d doubts dmg the ¢l
of A stephenst nto two biotypes  They agree that vanations 1
size of 0 a ex st, but they do not agree with the view that the type
form carries and the other does not carry malaria  Thas poat they
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have discusced 1n the Light of the precipitin tests conducted by them
i Calcutta To quote them * The fact that only three outofa
hundred specimens of stephenst which were subjected to precipitin
test were found to have fed on man is a matter that needs serious
consideration and indicates that the natural inclination of this species
15 to divert 1ts attention to ammals 1n the stable rather than to
human habitations The findings of Senior White {loc cit ) and
Subba Raoc and Appa Rao (loc et } also go to show that the varsetal
form 1s an efficient vector  As regards the behaviour of these two
races in captivity Russell and Mohan (1941} have shown that they
could colomise A stepltens: var mysorensis adopting special technique
Sweet et al (1938) tried cross breeding of these two races and
reported that ‘there would seem to be quite a defimte natural
barrier to successful cross breeding between types B and M, since
with cresses 1n both directions enly a small minority of the females
laid eggs and a <till smaller minouty laid viable eggs From the
viable eggs of the very few cross mated females laying 1t was possible
to raise successive generations of hybrds butin each generation
there were instances of the laying of sterile eggs * It would be
necessary to have more information on this point to interpret the
cross breeding of the two races

From the above remarks 1t seems necessary that these two
races have to be studied 1n more detail and 1t 15 imperative wherever
possible to mentton the particular race of stephenst one 15 encounter-
ing  Without this the knowledge of distribution of these two
races 18 very imperfect  Covell (1944) mentions that var mysorensts
has been reported to occur m Poona Sind Mysore State (not
Mysore City or Bangalore) Vizagapatam and he behieves that 1t
might have a wider distributton It 1s not known if var mysorensis
occurs outside India
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1V. A SUNDAICUS RODENWALDT, 1926

BY
V Venxkat Rao

[ Décember 7 1955 1

A Sundaicus 1s the only member of the ludlown group of
anophelines which has been recorded 1n or near Indiza Tl King
(1932) classified the various members of this group as distinct species
identifiable by morphological differences among the adults A
sundaicus was referred to as A ludlown by Indian workers It may
be emphasised that the latter species has a very limited distribution
and does not occur 10 India Tt s recorded with certainty only m
the Philippine Islands and possibly also 1n Formosa

DISTRIBUTION

InIndia A sundarcus has been found only 1n the coastal areas
of West Bengal Onissa and North Vizagapatam District Evenmn
these areas, the distnbution 1s somewhat patchy and not always
continucus  While, in West Bengal there 15 a farrly untform dis-
tribution up to about twenty miles southwest of Calcutta, there s
yet no evidence of the presence of this species further south orin
the 200 miles length of the sea coast between Pun and the Bengal
borderin Omssaitself  The southernmost limat of sundarcus pre-
valence 1s the Vamsadhara River in the North Vizagapatam District
Besides these areas A d 1s also ded in the And
and Nicobar Islands 1n the Bay of Bengal (Map 3}

Outside Incia  the distributton 1s much wider and embraces
practically the whole of the orental region iz East Pakistan,
Burma Thatland, Indo China South China Malaya  Great and
Lattle Sunda Island and as far east as Rcma (Covell 1944)

BREEDING PLACES

A sundaicus1s well known for 1ts close association with coastal
conditions and 1ts preference for breeding 1n brackish waters  The
species breeds pre~eminently in ealt swamps ¢ llections of brackish
water behind coastal bunds and such like situations (Chrstophers,
1933), but not n waters subject to the influence of daily tides or1n
virgin mangrove (Covell, loc cit)  In the Calcutta area larva of
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sundaeus are found mostly in standing waters like lakes, tanks and
ponds and 1n large ratlway borrowpits.  In Omssa, the main breed-
1ng place 6f sundatcus 1s the Chilka Lake, which 13 over 500sq
miles 1n extent  Inaddition, considerable numbers of lanz are
found in tanks, ponds and railway borrowpits contatning ftesh or
saline water, and occasional breeding may also be found near the
mouths of rivers and in nicefields situated along the margin of the
Chilka Lake  The breeding places in the North Vizagapatam Dis-
trict are almost exclusively tanks, ponds and borrowptts containng
fresh water.

Qutside Ind:a, except 1n Sumatra,? 4 sundaicus ts everywhere
a brackish water breeder. There was a {resh water form of sundaicus
-a potent vector—-1n Sumatra breeding in fresh water fish ponds
but 1t was eliminated when the breeding places were eradicated
(Bonne Wepster and Swellengrebel, 1953)  Covell (loc cit ) refers
to the presence of fresh-w.ater sundaicus 1n the narrow valleys among
the mountains running parallel to the west coast of Sumatra, ata
height of 1,500 to 3,250 feet above the sea level

The brackish water form, which 1s more commonly met with,
breeds extensively 1n moderately saline waters  In Qussa, Cavell
and Singh (1942) found the optimum saliuty of 1ts breeding places
to be from 600 to 800 parts per 100,002, Sentor White and Adhi.
kan (1939), working earlier in the same area, concluded that the
optimum salinity was 869 parts per 130,000, while the mhibitory
salt value was 2,300 parts ~ They, however, found scanty breeding
1n waters with salinity higher than 1,300 parts. On the other hand,
Christophers (1912) found the optimum salinnty 1n the Andamans
tobe 400 parts and Iyengar (1931) 1n Bengal 150 to 250 parts per
100 600 ¥

Wotling n Purt Town Pensgrahn (1932 ohserved larvae 1n
waters with salinities lower than 100 parts 10 fact, he did not find

BV
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d. breed rack

m h waters at all, though such waters
exist there m good numbers  Pursuing their studies n the Chilka
Lake area, Senior White et al (1947) found larve at practically
all salimty values below 2,300 but came to the concluston that, n
that area, Jarva were more likely to be found in fresh than 1 sahine
waters but the output from the latter, particularly from those with
values between 700 and 8co, was much higher.

The breeding places 1n the North Vizagapatam District, as
already stated, are mostly fresh waters, with salinitzes well below
100 parts per 100,000

Many Indian workers have also observed the close association
of sundaicus larve with certain types of aquatic vegetation  Senior
White and Adbikars {loc e12) observed that the favounte breeding
place of swndaicus in the Chilka area was among the putrefying
masses of sub aqueous plants, Potamgeton pectinatus and Halophla
otata, which are uprooted by wave-action and become bound to
gether into plaques by the alga, Lyngbya aestuarn  In the victity
of Calcutta, the with Osallat, g , Lynghia
confertordes, and Oedogonum spp was very marked Covell and Singh
(loc ett) found sundatcus Jarvee in the Chilka area 1n assoctation
with thirteen types of plants and eight types of algz , Najas, Cerato-
phyllum and Hydnlla ameng the plants and Lyngbya, Anabena and
Spirogyra among alga being the most important  In fresh waters
too, assocration with the :ame three plants and Sprrogyra was obser-
ved (Venkat Rao and Ramaknshna, 1947)

Iyengar (foc it} has stated that besides salmnity, orgamc
pollution of the breeding place 1s a cardinal condition of sundarcus
breeding  Thisisin accordance with the observation of Roden-
waldt and Essed (1925) 1n the East Indies that thrs species breeds
readily 1n waters polluted with sewage  Covell and Singh (loc et )
ha\e recorded that the pnnclpa\ factor affecting the breeding of

18 doubtedly the p or absence of putrefymg
masses of alge 2nd other weeds and that salimty probably operates
only in so far as 1t affects the growth of the weeds Al this sug-
gests that water polluted by rotting orgamic matter favours the
breeding  On the other hand, Venkat Rao and Ramakrishna (loc
¢it ) have shown that o fresh waters, the breeding occurs when the
plants are still growing and when, therefore, no putrefaction oceurs
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In fact, when the plants ate removed 1n the course of malarsa control
measures, the water becomes turbid and polluted and the green
olga, Microcystis aunginosa grows in quantities and the breeding of
sundascus disappears
ADULT HABITS
Resting places —Chustophers {1933) savs that adults of sunda-
cus are found abundantly in houses and cowsheds Covell and
Singh (lec a1t} collected altogether 16,393 spectmens, of which
8 835 came from huts occupted only by human beings, 4,237 from
mixed habitations and 3,866 fram cowsheds ~ Thus, sundatcus 18
shown to rest in both human and animal habitations but predomi-
nantly 1n the former
However, Sentor White (quoted by Covell and Singh, loc c1t)
observed that, 1n the same area, the numbers found in houses and
cowsheds duning cool weather are about equal but that, when it
becomes warmer, the species does not appear to prefer cowsheds to
the same extent
1t must, however, be remembered that the density of sundareus
population varies to a very great extent from year to year  Evenin
the Chilka area, where 1t has been 1n existence for about fifty years,
s prevalence n any particular year 1s uncertain  Fry (1911) and
Sarathy (1932) d the area and db d
condiions without sundmeus having been located The latter author
suspected its presence there and spectally looked for 1t but could
not find 2 single specimen  During the first year of the investi~
gation by Covell and Singh (loc eif ), they were able to collect only
150 specimens for dissection, against 4,718 in the second year and
358 1n the thud year  Durning the eatly part of 1942, Venkat Rao
et al (1942) found the exceedingly heavy density of over a hundred
per man-hour 10 houses The resting habits of sundaicus are,
heref licable for 1 When the spectes 15
present in small or moderate numbers, 1t 1s hkely to rest in houses
or hed: ding to 1ts natural prefe But, when 1t
ptevails 1n very large numbers as 1t does in certain years 1t has to
overflow into other man-made structures or resort to outdoor
shelters  In such cases, the preferred resting places are difficult to
ascertain.

Feeding time —The writer s experience 1ndicates that, i not-
mal years, feeding takes place more duning the first half of the pught
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sundatcus breeding in brackish waters atall, though such waters
exist there m good numbers  Pursuing their studies in the Chilka
Lake area Semor White et al (1947) found larve at pracucally
all salinity values below 2,300 but came to the conclusion that,
that area, lan  were more hikely to be found 1n fresh than in saline
waters but the output from the latter, particularly from those with
values betwecn 509 and 8co, was much higher

The breeding places in the North Vizagapatam District, as
already stated, are mostly fresh waters, with salinities well below
100 parts per 100,000

Many Indian workers have also observed the close association
of sundarcus larve with certain types of aquatic vegetation  Sentor
Winte and Adhikan (loc e1t ) observed that the favounte breeding
place of sundmcus sn the Chilka area was among the putrefying
masses of sub aq plants, P and Halophila
ovata which are uprooted by wave action and become bound to
gether into plaques by the alga, Lyngbya aestuarn  In the victaity
of Calcutta, the assoviation with Oscillatana germmate, Lynghva
confervordes, and Oedogomum spp was very marked Covell and Smgh
{loc c1t) found sundawcus larvze 1n the Chilka area 1n assaciation
with thirteen types of plants and eight types of algee , Najas Cerato-
phyllum and Hydnlla among the plants and Lyngbya Anabena and
Sptrogyra among alge bemng the most important  In fresh waters
too association with the same three plants and Spirogyra was abser-
ved (Venhat Rao and Ramaknshna 1947)

Iyengar (foc cit) has stated that besides sahimity, organic
pollution of the breeding place 1s a cardinal condition of sundaicus
breeding  This s in accordance with the observation of Roden-
waldt and Essed (1925) in the East Indies that this species breeds
readily in waters polluted with sewage  Covell and Singh (loc cit)
have recorded that the 1 factor affe the breeding of

d 1s undoubtedly the or absence of putrefying
masses of algz and other weeds and that salinity probably operates
only in so far as 1t affects the growth of the weeds  All this sug-
gests that water polluted by rotting organic matter favours the
breeding  On the other hand, Venkat Rao and Ramakrishna (loc
1t ) have shown that in fresh waters, the breeding occurs when the
plants ate still growing and when therefore, no putrefaction occurs
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In fact, when the plants are removed 1n the course of malaria control
measures, the water becomes turbid and polluted and the green
slga, Microcystis aunginosa grows in quantities and the breeding of
sundatcus disappears
ADULT HABITS

Resting places —Chtistophers (1933) savs that adults of sundas
cus are found abundantly 1n houses and cowsheds Covell and
Singh (loc cit) collected altogether 16,398 specimens, of which
8 835 came from huts occupied only by human bengs, 4237 from
mixed habitations and 3 866 from cowsheds  Thus surdacus 1s
shown to rest1n both human and animal habitations but predom:=
nantly 10 the former

However, Senior White (quoted by Covell and Singh, loc cit)
observed that, 1n the same area, the numbers found 1n houses aad
cowsheds duning cool weather are about equal but that, when it
becomes warmer, the species does not appear to prefer cowsheds to
the same extent

It must however, be remembered that the density of sundaicus
population varies to a very great extent from year to year Even in
the Chilka area, where 1t has been in existence for abaut fifty years,
1ts preval m any p lar year 1s Fry(l‘)n)and
Saralhy (1932) d the area and
conditions without sundaicus having been located The \a!let authot
suspected its presence there and specially looked for 1t but could
not find a single specimen  Durning the first year of the investi
gation by Covell and Singh (loc cif ), they were able to coltect only
150 specimens for dissection, against 4,718 1n the second year and
3,158 0 the third year  During the early part of 1942, Venkat Rao
¢t al (1942) found the exceedingly heavy density of over a hundred
per m=n~hour in houses  The resting habats of sundatcus are,

ble for When the species 1s

Present in small or moderate numbers, it 13 hkely to rest in bouses
or cowsheds according to 1ts natural preference  But, when 1t
Prevatls i very large numbers as 1t does 1n certain years 1t has to
overflow into other man-made structures of Tesort to outdoor
shelters  In such cases, the preferred resting places are difficult to
ascertain

Feeding time —The wrtet s cxpenience indicates that, n not-
mal years, feeding takes place more duning the first half of the mght



46 Vectors of Malana 1 Indra

than mn the second® When the species prevails n very large
numbers, feeding may take place throughout the night and, those
specimens which cannot get the opportumty to feed dwing the
night, may feed 1n the early morning hours on persons seated 1 the
darker parts of rooms

Food preferences —Covell and Singh (loc c1t ) have stated that
77 per cent of their total collection of 16,938 specimens was from
rooms 1n which human beings spent the nights and that ths fact
was suggestive, indicating that d has a strong predil
for human blood

Senior White (1947) obtained results of precipitin tests on
go specimens, all from houses, which revealed the anthropophilic
index of only 56 per cent Majonty of these specimens were
collected from a village at a time when the nfection rates were
high and were more conformable to endemic thanto epidemic
conditions  If this small number 1s taken to be a represzntative
sample, 1t only illustrates how a guite appreciable nfection rate
can exist 1n the face of a very low anthropophilic index

Gonatrophe cycle —There 15 na record of observations on this
pont

Swarming and matmg —Two observations on the s-varming
and mating behaviour of this species were made i the Chilka
areas by Venkat Rao et al (loc cit) both 1n January 1942 between
sand 6 p m {Indian Standard Time) On the first occasion, there
was a very large miced swarm of both A sundatcus and A sub-
pictus The swarm, consisting of an estimated number of at
Jeast 5 000, took place at a height of 6 feet over the elevated ratlway
station platform  The mosquitoes made dancing movements, both
up and down and aircutar  On the second accaston, 1nstead of one
large swarm at one place, there were several groups each consist-
1ng of only a few hundred specimens, scattered over half the length
of the platform

3 Swellengrebel and $ de Graaf{rgrg) bave recorded that the speces 1s vora
ctous feeder and bites by day as wellas by night —Editer

-~ B4 AR ke A mteane ok 4 £ to feed on man in
. with human blood
. present 1n normal

athropophi ic index

4
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On both the occastons mating was observed A number of
copulating pairs were seen and, i almost every case, such pars
came out of the group and were separated outside the swarm after
a transtent period Two copulating pairs were collected into a
sucking tube ; one was sundaicus and the other subpictus  All mos-
quttoes collected from the swarms were fresh unrubbed and fed
specimens.

‘The mamn breeding place of sundaicus at the time was the
Chilka Lake about two mules away from the rulway station  As
there was no evidence of swarming at any point between the rail-
way station and the Chilka Lake, 1t appeared that the tendency of
these mosquitoes to swarm at that particular spot was due to the
radiation of heat from the raised stone platform and from the near-
by range of low hills That A annulans does not require such
conditions for swarming has been shown by a subsequent obser~
vation, swarming having been seen not on raised ground, but at
fower elevations not far away from the lake utself (Venkat Rao,
1954)

Flight range —A sundaicus 15 a powerful fler® capable of
traversing about two miles 1n search of food (Venkat Rao et al, loc
et) However, 1o exceplional circumstances when the density of
the species 1s pushed up enormously, the dispersal may become
much wider Covell and Singh (foc c1t) collected adult specimens
n villages up to about s1x miles from the lake shore, including one
recently hatc! ed The range of nfil stopped short
of three mules where there was a belt of thick forest acting asa
barnier  There was no local breeding to account for the adults
found im these willages

Hib —There 1s no mnf on this point

Longetity —No direct evidence on this point 1s available
Here again, longeuity depends largely on the population density
and, where the density varies very greatly from year to year, the
longevity must also be affected and can at best be expressed in
§ TLaht ravge of over one mile b been cecorded by Covell 19241 snd Dorter

1624) an Brecmen 11919) beheved that tte specics could fiy as faras
5 km—Editor

G But the species be ng confned to the cosstal aseas with moderately warm
ol mate all the year round there 15 no L kel hoed of the phenomenon occus ng 1n
stalife eycle —Ed tor
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terms of strong and lean’ years. In Indo-China Treillard (1939)
observed under laboratory conditions the species lived longer than
either mimmur or candidiensis

RELATION TO MALARIA

In the Calcutta area Iyengar (loc ent) found infection rates
between two and six per cent Senior White and Adhikar1 (loc eit)
dissetted 659 specimens 1n the Chilka area and found a total infec
tion rate of 23 percent and a sporozoite rate of o7 per cent
Covell and Singh (loc it ) d ssected 9 307 specimens and found a
total infection rate of o9 per cent and a sporozote rate of
05 per cent Working with purely fresh water specamens Pam
graht (Joc cit ) dissected 1n Pun Town 617 specimens and found a
total 1infection rate of 19 per cent and a sporozoite rate of
11 percent In the fresh water areas of North Vizagapatam Dis
trnct Sentor White et al (foc cst ) dissected altogether 1,280 speci
mens and found a total infection rate of 4 7 per cent and a sporo
zoute rate of 2 6 per cent?

As the 1nfection rates 10 the Chilka atea and the adjoining
North Vizagapatam area showed significant differences, the hypo
thesis was held out that 1n these areas the salt water form was
practically harmless and the fresh water form was a potent vector
In order to test the vahidity of this hypothesis the fresh water
breeding 1n one particular locahty of the Chilka area was com
pletely eliminated without affecting the salt water breeding  Then
495 specimens  all obviously saline water breeders, were dissected
and only one gut infection was encountered giving a total infection
sate of 0 2 per cent and a sporozoite rate of m! (Sentor White et al ,
foc et}

It thus appears that whatever the status of sundaicus 1n West
Bengal may be, the saline water form 1n Chilka area and further
south 15 a poor veetor and the fresh water form there 1s much more
dangerous

There 1s another disturbing possibtlity where sundaseus 1s

concerned  Unlike many other anopheline species sundaxcus 13
capable of invading and colomsing new terntortes A fresh invesion

7 ‘Tyssul Jones (1950) has put forward ind rect ev dence to show that 1t 52
vector 1n Kyankpyu Ramree Islande Burma —Ed tor
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results 1nvarably 1 violent epidemic outbreaks and, if the spzcies
can establish itself in the new area on a more permanent basts,
eademie conditions will soon prevail In fact, many areas i Indaa
where sundaicus 1s now prevalent have been invaded 1 this manaer

1 comparatively recent times

VARIETIES OR RACES IN SUNDAICUS

On account of the app duffe 1n the beh aad
vectoral capacity of sundarcus 1n Onssa and North Vieagapatam
areas, 1t was thought that the species might really be a complex of
two races or forms, one breeding 1n saline and the other breeding in
fresh waters  Further work suggests that the two forms can be
disunguished by the difference in the number and shape of the
leaflets cf their phallosomes (Venkat Rac and Ramaknshna 1950)
somewhat sumilar to those 1n the corresponding forms of Sumatra
found by Bonne Wepster and Swellengrebel (loc ¢it)  Among the
salt water forms, there appear to be at least tao saces or vartetres
1 Singapore, according to Taylor (1943)

CONTROL

Ante-larval measure —To attempt to control the breeding of
sund1icus through chemical larvicides like pans green on a large
scale is a costly p N: 1 d bed by
Venkat Rao and Ramaknshna (1947) and Venkat Rao (1950) such as
deweeding efc might be cheaper and more effictent However,
while thess measures are appropriate for limited localities, their
extension to large areas would mvolve such an amount of expert
orgamzation and supervision which cannot always be afforded

In Malaya, Nair (1949} used 5 percent DDT kerosene ol soluton asa
barner spray at the rate of one ounc* of DDT per 105 sq ft  He found one
round of application cff ctive for 9 34 days Ssme formulations sprayed at the
rate of 200 mg DDT persq ft ar indoor cemdual spray by Van Ttel and

. " sundatcus for a pet od of six months
crosene ot at ti ¢ rate of one quart per

. - . arted satisfactory fesu ta in the Ch fka
. =+ 2d Coastal area around Vizagapatam
. asted for & 8 weeks.
There 1s now_evidence oA el
res stance 1o DDT in two
Indonesa  These Iscahtios » = -

area of Tandpung Friok anc
mately 200 k lometees east

the Dyjakarta coastal areatc . - '
a3 resistant (6 DDT as sun - "

out st Caleutta by the Mal .

raton of DDT for sundaic -
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Anti-adult measures —It may be possible to control surdatcus
by indoor residual sprayiog  This method has actually beenin
force in the Chilka area for the last two years but the results are not
yet available and, evenif the method may prove to be successful,
one has still to be carcful when dealing with an elusive mosquito
hke sundaicus spec ally 1n view of the disquieting results observed
by Crandell (1954) 1n the D)jakarta area of Indonesta

In India sundawcus s capable of bemng eradicated owing
prmanly to the fact that it 1s occupying an extremely narrow
marginal zone 10 the area of its distribution and 15 thus susceptible
for eradication measures (Venkat Rao, 1955)
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VA FLUVIATILIS JAMES, 1902

By
M I D Swarma
{(Malaria Institute of India, Delhs)
[December 10, 1953]

ANOPHELES FLUVIATILIS 15 a vector of considerable
importance 10 India not only in hill and foothill regions but alsom
the vastirnigated tracts of the Deccan plateau It has been inenme
nated as a vector n parts of East Central Indra, Penmnsular Indi
and Western Uttar Pradesh Terst A flumatilisis not commonly
found below 1,000 ft or at altitudes over 5 000 ft above sea level

DISTRIBUTION

It has a very wide distnibution 1 the Indran sub continent
{Map 4) and has been recorded from Bengal, Assam, Onssa, Bihar,
Uttar Pradesh, Punjab, Madhya Pradesh, Bombay, Madras, Hydera:
bad, Mysore, Vindhya Pradesh, Madhya Bharat, Rajasthan, Rutch
Ajmer-Merwara  Jammu and Kashmir and Delh (Covell 1927,
19313, 1931b, Pum, 1936, 1948} Outside India 1t 15 found m
Ceylon Burma, Thailand Indo-Chma (Russel et al, 1943), Hong-
kong (Burke 1937), Turkistan, Iraq and Bahremn Islands, Persian
Gulf (Covell, 1944)

BREEDING HABITS

Accordidg to Covell and Harbhagwan (r939) A fuwatily
1s clear water breeder, mormally found in irngation channels
and streams with grassy edges and 2 moderate current resor-
ting to shallow wells during the monsoons when the usual breeding
places are washed out by heavy rains  They along with 2 number
of other workers found that 1n the Western Ghats ricefields did not
offer 1deal breeding places for this species  Vedamanikkam (1g,2)
confirmed these cbservations and found thatn the Wynaad (s
hilly taluk of Malabar Distnct sn Madras State) breeding places
like stream: fields d h Is and contour drains with
flowing water accounted for 88 ¢ per cent of the total number
of latve of A flumanhs collected, while the remaming 117
per cent were found 1n stagnant water collectrons 1n wells, rice-
ficlds, marshes and pools 1n the river bed Ramachandra Rao
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{1945), while confirming the observations of previous workers that
streams and channels are the preferred habitats of the species
determined that 1n Bombay State ricefields, both fallow and growiag
constitute 1mportant sources of the species

In the Wynaad, A fluvatths was invariably found 1o the
mmmedrate vicinity of human habitations (Adisubramantam and
Vedsmanikbam, 1943) while 1n the Hazanbagh Ranges and Jey
pore Hills, breeding 10 signsficant numbers was found even up to
at least half a mile from human dwellings (Venkat Rao and Philp
1947}

BIONOMICS OF ADULTS

Adult resting places —In North Kanara, human habitations
were obsesved to be the common resting places of A flumatilis
{Jaswant Singh and Jacob 1944) Measham and Chowdhury (1934}
i the Anaimallar Hills (Madras), collected only four specimens
from cowsheds as compared to 199 from human dwellings In
Bombay state also where this species 1s an efficient vector, the
fraction of the population that elects to remain indoors during the
day 1s found almost exclusively 1n human dwellings, with only five
per cent of the indoor population occupying cattlesheds (Viswa-
nathan, 1950) A fluviaths 1s often found on lower portions
of the walls, not more than five feet from the floor (Russell
etal, 1946) Senior White {1941, 1946), Viswanathan and Rama-
chandra Rao (1943) Viswanathan et al (1944) and Issaus et af
(1953) observed a significant fraction of of the population resting
outdoors during the day time 1 Satpura Ranges and Singhbhum
Hills North Kanara (Bombay) and Uttar Pradesh Tarat, respectively
The outdoor resting places were found to be mainly on banks of
streams where mosquitoes could find shelter under overhaoging
vegetation, projecting stones etc

Buting Ttme —Viswanathan and Ramachandra Rao {loc i)
in North Kanara (Bombay), found that females A flumatidis
entered a human shelter shortly after dusk and completed feeding
before midnight in the main  Viswanathan e al (loc i) 1n the
same area observed that approximately 71 per cent of A
Aumatilis entered houses for feeding duning the first quarter of the
night, 19 per cent 1n the second, seven per cent in the third and
three per cent n the last quarter In Mysore State, however,
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Nursing et al {1934) found nearly as many A flumaniits enter-
ing houses after midmght as b=fore Seator White et al, (1945)
Jeypore Hills observed that the numbers entering brts een midnight
and dawn were much greater than those entering before mudmght
and out of this 9 par cont of the females were enther hungry or
freshly fed Similarly, Jaswant Singh and Mohan (ig,1) mn the
Nilgins  observed A flumatilis feeding i all four quarters
of the night, most of the activity baing confined to the second
and third quarters 1nd a d 0 beh: from the
early feeding mosquitoes 1n Bombay State

v GONOTROPHIC CYGLE

Sentor White et al (1945) 1n their laboratoty studies on A
Suriatihs from Jeypore Hills, found that with temperature varying
between 26 o° and 19 5° C mosquitoes with one feed cnly, took 48
to 96 haurs for complete development of ovartes and 72 to 120
hours for oviposiian  Viswanathan et af (1944} North Kanara
(Bombay) found that this species  had a 48 hour gonotrophic cycle
from September to November and 72 hour cycle from December
to February  The findings of Jaswant Singh and Mohan (ke af)
10 the Nilgrus on the other hand tndicated that certamn proportion
of the females required only a single blood feed for the maturation
of their ova a further proportton required a double feed m one
night or on successive mghts within one gonotrophic cycle thereby

the of the ph of ph

discordance®
ANTHROPOPHILISM AND ZOOPHILSM

Qut of 1 631 specimens from the Whynaad, an antropohilic
index of g7 per cent was obtained (Covell and Harbhagwan, (loc cit )
Jasnant Smgh and Jacob (foc ¢it ) observed that 63 6 per cent of the
A flumatilis captured from North Kanara (Bombay) had fed on
human blood  Sentor White (1947) found an anthropophilic sndex
of 56 8 per cent 1n specimens caught from human dwellings in East
Central India  Barber and Rice (1938) 1 Poona (Bombay} and
Ramsay et al (1936) 1n Assam found that speamens contaning
buman blood were 4 6 and 38 per cent respectively A flumatilis
being primanly anthropophilic 1n some tegions and zoophilic i
others may be due to the fact that the species may be composed
of two brological races which differ markedly as regards theiwr
f 1 feeding tend The antbropophilic mndex of A
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fumatlis from the U P Tarar was 1 8" and 1 47 per cent 1n 1938 and
1939 respectively while 1t was found to be 47 per cent 1n 1949 52
(Ramaknshnan and Satya Prakash 1953) This marked change m
the anthropophihic index 1n the course of about 10 years requires
explanation  In the past, the region was densely wooded with Lttle
human population and highly malartous 1n spite of the fact that the
anthropophilic index of A fluvatilis was low The forests have
now been cleared, large areas dramned and reclaimed for extensive
agricultural operations  Greater opportumities exist now for a very
much higher degree of mosquito man contact, than during the
pre colonisation period (Ramaknshoan and Satya Prakash lec et}
With large scale sndoor residual DDT spraying since 1947 10 patts
of UP Tarai 1t bas been possible to colontse  several thousands of
people in the area (Snivastava, 1950) A flumafilisin this arez may
be 2 mixture of anthropophtlic and zoophilic races It 1s neither
hike the predommantly anthropophilic race of the Wynaad nor the
predominantly zoophilic race 1t was onginally consideted to b 1
1938-39 (Issanis et al, Joc et )

FLIGHT RANGE

No records of observations on the flight range of freshly
emerged A flumatths from natural larval habitats are available
Adisubr and Ved: kK (loc ¢t} 1n the Wynaad
ares, found larva of A flumatilit up to not more than a thousand
feet from human dwellings and conclud d that the spectes had 2
shott range of flight 1n that area  Whereas Venkat Rao and Philip
(loc cit) 1in Hazaribagh Ranges found breeding of A fluvratths up to
at least half a mile from the feeding place and presumed this to be
their usual flight range 1n search of food

SURVIVAL OR LONGEVITY

Regarding survival of A fluviatihis under field conditions there
15 po other record except that of Senior White ef al (loc 1t ) who
by release and recapture of marked mosquitces 1n Jeypore Hills
could follow up spectmens for a pertod of 48 days Under controlled
laboratory conditions Pal (1943) found temperatures from 20°t030°C
and humidity from 50 to 8o per cent to be the opttmum for the
longevity of this species

1 Annual report of the Malaria Inst tute of India 193%
2 Annual report of the Malana Institute of Ind 3 1939
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SWARMING

Mohan (1945) who studred the sexual behaviour of A fluviatilus
10 captivity noticed that swarmng and mating could be nduced by
the use of artifictal blue ight tnside the cage Subsequent studies
showed that 1n warmer environment stimulus provided by blue light
was not essential as swarming and mating took place in ordmary
light 2nd even n darkness (Mohan, 1951}

RELATION TO MALARIA

A fluvatalis 1s a very important vector ta the foothill regrons
of Penmsular India comprising portions of Madhya Pradesh,
Travancore Cochin, Mysore, Madras and Bombay states and 1z
East Central Indra Mosquito dissection records so far available
and the d ! I data collected by various
workers have been presented (n Table I Till recently A fluviatilis
1n the north was considered of little mportance as a vector
The only published records of matural imnfection of A fluviaths
w North India appear to be those of Robertson (1910}, at
Saharanpur (Uttar Pradesh) who gave no details of bis dissections,
and Macdonald and Mapd (1931) who reported two specimens with
gut infection out of 23 dissected at Karnal Clyde (1931) dissected
460 epecimens at Banbassa (Tarai region of Uttar Pradesh) with
negative results  In 1938 ! a team from the Malama Insttute of
India working at Bazpur in the same area found two gut infections
1 the 1817 specimens dissected  Issanis et al (loc ait ) however, in
the same region found a gross sporozoste rate of 09y per cent
during the years 1950-53 and incrimnated 4 fluviatilis as an 1m-
portant vector of the area Available evidence would seem to
indicate the possibility of the prevalence of more than one biolog+
¢al race of this species, judging from 1ts different vectorsal capacities
in different parts of the country and the differences s 1ts host pre
dilection (Viswanathan, 1950} Brooke Worth and Sitaraman (1952)
tisualize two possible groups of A fluviatihs (1) anthropophibic,
outdoor resting hell inhabiting, strongly vectorral and low in density
and (2) zoophilic indoor resting, plans inhabiting, weakly vectorial
and bigh 1n density

Usually hyperendemic conditions prevail tn areas where,
A fluviatihs 1s 2 vector  Transmussion wath this species has been
1

Aanual Report of the Matana Institute of Indua for the year 1938
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reported almost all through the year, the actual transmisston period
varles 1n extent m diffe regions Vs han (1946) has
calculated that a density of 0 4 per man hour of A fumatihs 15
the level at which 1t can carry on effective transmission of malarz

CONTROL

Larval control —Adisul and Ved kkam (loc at )
1n the Wynaad recorded mawmum density of A fluviatils larve
within y000 feet of human habitations and found that antilarval

like oiling of breeding places could be kmited to places
within 1000 10 1500 feet from human dwellings  Venkat Rao and
Philtp (loc e1t) however, 1 Hazanbagh Ranges ard Jeypors Hills
found A fi hs breeding 1n fi bers up to at least
balf a mile from the place of feeding and concluded that antilarval
operations agamnst the spectes could not safely be Itmited to less
than half a mile from the area to be protected Subbaraman and
Vedamanikkam (1943) 1n the Wynaad controlled the breeding of
A fluviatihs by clean weeding the margins of breeding places In
the same area Covell and Harbhagwan (loc ¢it } obtamed encourag-
10g rtesults by herbage packing of the breeding places and recom-
mended this as a cheap and effective method of malana contsol

The extent of breeding places of A flunanhs s so great and
their antilarval treatment so difficult and costly that enforcement
of antilarval measures for rural malana control 15 almost impracti<
cable For efficient malatia control reliance has to be placed on
ant1 adult measures

Anti adult measures by pyrethrum spraying so successful
agamst other species are not effective agamst A fluvatihis except
when the costly method of daily spraymng1s adopted (Viswanathan
etal, 1944, Sentor White et al, 1945) A fluviatslis spends
one day light period after feeding 1n the house and then leaves the
house for some outdoor shelter to spend the remaiming part of the
gonotrophic cycle there irrespective of whether the cycle 1s com-
pleted 1n two, th ec or four days and 1s not always avaidable when
pyrethrum spraying 1s done (Venkat Rao, 1949) The only effec-
tive and economical anti-adult measure appears to be spraying of
all houses with residual insecticides

Sentor White (1945) and Senior White and Ghosh (1946) 11
Teypore Hills found that DDT spraying at 50 mg per sg {t gave
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effective protection against fluvrattls malarra and they recommended
1ts two monthly app! during the season  Viswa-
nathan and Parikh (1946) and Viswanathan (1950)1n Bombay, Rama-
krishnan et af (1948) in South Kanara, Vedamantkkam (1949)
1n the Wynaad and Stivastava and Chakrabart: {(1952) 1n Uttar Pra-
desh Tarai also led £l his malarna effectively with DDT
spraying at 50-56 mg DDT persqg ft repeated every 6 to 1z
weeks In view of the encouraging results obtained 1n different
areas so far, it can be stated with confidence that flupiatilis malaria
1n rural areas can be fled effectively and ec lly by
1ndoor spraying of houses with DDT and other residual insecticides
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TABLE 1

we | s |Dissectionof A fluviants
k¥ =8 |—
A 28 S8 e o 2 o
rea = b £ e
HERTRITE hservee
4 12 PREE
Jeypore Hils - -] - 18 18 [Perry (sg14)
Wynaad (Madras) - _] - — } 66 Home fro19
Mopad (Madras) - - 39 - 39 |King )and Iyer
19 9
Anaimallas Hills _ -~ 64 39 82 [Meashamand
{Madras) Chowdhury
16034
South Travancore - — t237| 120 — |Mathew (1934

Wynaad (1938 39) 56 to 69 |17 to 56 | 160 76 202 |Covell and Har
bhagwan (rqsq)

Nilgins Distt s6s5tofazzto| 57| 200 | 173 Russell and Jacob

(madras) (1940 41) 84 56 1642

Northhanara{Bombay)| 427 140 62 T 110 [Jaswant Singh

(1942 43) and Jacob (1944

North Kanara — — |296} 370 44 4 |Viawanathan and

{Bomkay) Rama:hman
[Rao (19

Jeypore Hills (Onssa) | — — { 38| 26 — {Remior wmu and

(1944 46) (Ghosh {1946)

Jeypore Hills and - - - - 57 [Semor Whate

Hazartb.gh Ranges (1947)

(tast Central India)

South Kanara(Madras)!63 to 76| 36t0 | — 27 ~  [Ramaknishpan

(1947 48) 193 et al (1948)

Khandwa (A P) - —f — [ 128 = [Subramanian and
Dt (1943)

Bombay State

hanara Distt (1943} — — —_— -_ 70 {Viswanathan
(1950)

Nastk Distt _ -] - - 62

{1947 49)

Panch Mahals Distt - - - o8 o8 ~do

(1948 49)

Poona and Sholapur - - - o.11 on do

Distts {1948 49)

Kolaba Distt - — {o44 -_ ©44 do

Tara» Namital Drstt - - - toy — |Issanis qral,

(UPY (1953)

Tarar Nanital Distt - -] - s — [Srivastaya and

(U P} (1949) Chakrabasti
(1952}

Tara1 Naint al Distt - - g 16 —

(U _P)irogn)
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BY
A K Rristreaswan

(Malana Institute of Indiz Delht)
[June 21 1953]

An mportant malara carnser of the submontane regions of
Eastern India 1s A mumus  The type form of this spectes 1s the
chef vector 1 the foothill regions and plains of northern Bengal
and Assam and1s respons ble for hyperendemic conditions often
assocrated with black water fever and pernicious type of mal gnant
tertran malana (Covell 1949) Though recorded from various parts
of central and peninsular India us vectorial status has not been
establt hed in these parts A mnimus 1s one of the few anophel nes
of Indra which have been studied 1n great detn]

A punimus var flavirostris {Ludlow 191.4) the principal vector
i the Philippines (Russell 1933) has not been recorded in this
country
DISTRIBUTION

A rmummus has a wide distubution both 1n the north and
peninsular parts of India (Map 5)  The species has been recorded
from Assam W Bengal Bhar Uttar Pradesh Chota Nagpur
Ronkan Hyderabad, Madras Mysore and Malabar

LARVAL HABITATS

Continuous breeding of A mimmus has been observed only in
clear unpolluted slow maving water with grassy edges (Covell 1944}
Manson and Ramsay (1933) observed that clear running water with
plenty of swamp vegetation and very httle shade were best suited to
breeding of A mimimus  They also found that fallow but not
ploughed up fields were favourable to breeding of this species
Thamson (1940) observed that stagnant places like marshes and
ncefields were of no mportance as breeding places  In the latter
however the presence of larve may be encount red duc to dnft
from 1rngation channels He further observed that larval prevalence
1n a breeding place was entirely due to selection of 1t by the gravid
female which prefers to deposit ats eggs in sbady portions  Tle
shade 15 usvally provided by marginal vegetaton  More recently
Thomson {1951} carried out crueial experiments both in the field
and laboratory to determine the exact role played by the grassy edge
He concluded that the grass apart from providing shade played an
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addstional role in creating a zone of still water Full grown lasvz of
A mimmus were unable to resist acurrent of o20to0 31 ft per
second (Thomson, 1940) Dark shady crab hales on the margins of
streams without flowing water even in the absence of any vegetation,
may form dangerous breeding places and can be overlooked  In
some foot hill areas A mimmus was also found breeding 10 clean
waters of shallow earth wells (Thomson, 1951)

BEHAVIOUR OF THE ADULT MOSQUITO

Das time resting places —In North Bengal and Assam A mmimus
15 2 domestic specres resting mainly 1 houses Manson and Ramsay
(1932) found that 98 2 per cent of their collectton of this species were
from human habitations Thomson (1941) observed that this spectes
rested mainly in the lower half of the walls often on the floor under
cots A strking observation of Thomson {1941) was the patchy
distbution of 4 munsmus 1n houses some houses always vielding
large numbers—due either to thetr location or their special suitabiity
as resting places

A mirimus has been repotted to be a chrefly outdoor rester 1n
China Chang 1939 quoted by Covell 1944) InIndia S aor White
Ghosh and Rao (1945) collected A mimimus from outdoor shelters
amang rocks near a stream 1n Jeypore Hill Tracts 1t could only be
speculated at this stage whether this vartation 1n resting habits of
A mimus in different parts indicates the existence of more than one
distinct biological vanety

FEEDING TIME
Thomson (1941) observed complete absence of blood fed
speimens among A mintmus collected before 1030 pm  and
concluded that most ef the feeding took place after that time
Reshnaswami (1952} confirmed these observations  and found that
the main feeding actinty took place after midnight 1n the third and
fourth quarters of the night

Fi ght range

thatthe nearest preeding place of A m nmus was w th in w0 n s s of the
divtnal rest ng place and considered the ! ght ranex (o be not less than ene
fousand yards. Accord ng to the experience of the word ers i the Malay 3
Institute of India, Delbithe Al ght range of A. mun mus in Assan ard foct b 3
of West Benzal can b broad y taken as Falf a m & —&d ot
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By carefully designed marking experiments, Thomson (194.)
recorded that females returned on the might of oviposition to the
same house or group of houses for their next blood feed

Gonadotropsc cycle —In the plans of Assam during hot damp
season, A mimmus was found to take two days to digest its klood
meal as well as for the complete development of ovanes and eviposi=
tion (Thomson, 1041)  In cold weather, however, this peniod was
increased to 4-6 days

Sentor Whate et al (loc. c1t ) observed in the Jey pore Hill Tracts
that ovarian development tock 72 g6 hours, and that the completion
of this cycle was more of an outdoor phenomenon

Feeding, digestion of blood and rmaturation of ovaries followed
by owviposition continued rnight through the cold weather and no
hibernation of females of A minumus was recorded 1n the plams of
Assam (Rice and Moban, 1936)  This finding was confirmed by
Thomson (loc ait )

Food preference —A mmimus of north and east India 15 mawly
a domestic spectes with a high preference for human blood Ramsay
etal (1936) recorded the anthropophilic index as 85 7 per cent, while
Senior White et al (loc e1t) found the rate to be 92 4 per cent for
the same species n the Jeypore Hill Tracts of Orissa Comparatively
low anthropophilic 1ndices ranging from 31 to 41 per cent were
recorded for A minimus from Central Burma (Malar-a Institute of
India unpublished records) Among the blood meals of A mimmus
from Thaitland, analysed at the Malana Institute of Indra, 37 per
cent were positrve for human blood during the pertod October, 1949
to April, 1950 while the index for the persod Aug —Sept 1949, was
7t 2 per cent

Thermal death point —Exposure for a petiod of 5 to 10 minutes
at temperatures rangmg between 37° and 38°C was fatal to majonty
of females of A mimimus (Thomson, 1940)  Vanation in humdity
did not alter the mortaluy rate

Longeurty —Sentor White et al (loc et ) was able to follow up
such specimens for a pertod of 19 days, by release and recapture of
marked specimens  Thomson (1941) observed that the survival rate
was longer during the humid part of the year following the rams
than during the hot dry pre monsoon period
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EPIDEMIOLOGICAL FEATURES
Data collected by different workers on the vanous epidermio-
logreal aspects of mintmus malaria during the last two decades have
been presented 1n Table I
TapLe I
Observations o1 the eprdemological aspects of mmimus malana

Disscctions of A mimimus
pleen Parasite|” Total Obes
Area Spoto | Total rvee
ptr C!I’ﬂ per “nl o ﬂfylt zoute [infection
! 1 Tate | “rate rate |
Bengal — —{ w6 | 93| 156 | IyengarCioeo
ssam 8z | 358 —~ | 18 — | Viswanathan
()
Jeypore H lls — — [ B — ' Senor White
(19459
Beogal - — -1 3t | Puriaad Ar shna
awami (1947)
Assam - —_ — — 467 Manson an.
amsay { 9321
Assam 570 | 450 - 1 — — | Macdonatld and
93}
Asam 8532 700 813 08 — Guptaetal {1932}
Assam 550 | s90 jd — | 62 | RwceandSavage
© to (1932)
o | e
Assam L T ot B SN —  Manson and
A { | GR:muvl(wn)’
saam - - 13 556 uptaetal 1933
Assam ol Bl BTN RS o o3
Assam o 86 T 67 o067 | 13, Pauledl (936
Ausam e 19931 %91 1 ': | G lrov 93
ssam - 21 25 30| so | Khin )
Rengal Dovars| 748 | 350 | =~ | 982 | ~ | Ray(ossl
Tha land — — 053 t 247 | 114 ' Bhata(i953)
:

Parasste and spleen vates —Hyperendemic condittons presastin
areas where A4 mnimus 1s ble for malatiz
Spleen ratesas high as 8a-00 per cent and parasite rates of §0-50
per cent {Table I) have been recorded

Spectes plasmodia —Though P faleiparum 1s the predominating
species all the three common human plasmodia oceur (Jaswant Singh
et al, 1952)

Infection yates n A mimmus —The highest infection rates
among A muimimus have been recarded by lymgnr(mw) 2 mx,l
%ith 20 gut and 16 gland 1nf among 172 8P
€VIng nise to 18 6 per cent snfection rate




68 Vectors of Malaria in India

Season —Transmsston has been reported almost all the year
round except duning the months January to Aprsl  Viswanathan
{1941} obtained gland infections from June to December in Assam
Macdonald and Chowdhury (1931) also :n Assam recorded positive
dissections from May to December while Ivengar (1940) working m
Bengal found transmussion duning Jupe to September only

Altstude —Khan (1942) recorded positive dissections of A
minmus at a height of 1,200 ft above sea level on the Darjeeling
hills

CONTROL

Larval control —The speciahsed nature of the breeding places
selected by A mintmus has been exploited by different workers n
devismg means for its control during 1ts aquatic stages  Manson
and Ramsay (1932) stre<sed the value of silting as a direct ant1 larval
measure against A mummus  Diverston of stit laden streams mto
dangerous breeding plices like ‘Biuls or marshes was proved to be
an ideal method of controlling breeding of A memmus (Strrckland
and Murphy 1932)

Shading especially of streams which are the sanctuanes of
A mimimus has been effectively utilised to control the breeding of
this species  Thomson (1940} studied the problem 1n detad and
observed the total shading was necessary to ensute proper control
He found that this method did not immediately put a stop to the
breeding but on he contrary resulted 1n increased intensity of
breeding  When, however, marginal vegetation was removed an
immediate reduction in the Jarval density was noticed Though
oviposition was not hampered as shown by the contiued preseace
of eggs and first stage larva 1t was concluded that shade per s¢
played no part 1 the control of A mmmus, but the absence of
larvee 1s mainly due to the secondary changes, chiefly the ehmina
non of marginal vegetation which resulted an {a) sncreased seloaity
of flow at the edges (b) reductson of the available food for Jarve
{Themson 1951}

Antr adult measures —Viswanathan {1041) reported reduction
10 spotozorte rates to o § per cent (comparison area 1 8 per cent) by
weekly spraying of pyrethrum at one ounce per 1 400 ¢ ft 1n the
huts 1n tea estates of Assam By spraymg twice a week the
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infection fate among mosquitoes was reduced to zero (Viswanathan,
1942)

Based on the observation that this species mamly rests on the
lower surface of the walls Weeks (personal communication} carsred
out field experiments 1n Burma to see sf A mimmus could be con~
trolled by spmymg the walls upto three feet from the ground only

No m popul was nottced

following the operation

Purt and Krishnaswami (1947) reported control of minimus
malatia by residual spraying with DDT at 60 and 120 mg per s ft
i the coolie huts of the tea gardens ot Darjeeling Terar The
residual effect of such doses was found to last over 8-12 weeks

Bertram (1950) recorded a high survival rate among A mumimus
from DDT sprayed houses and suggested that this specics escaped
from acquining the lethal dose due to the excitosrepellent action of
the de Macdonald (rg50) d the observations of
Gilroy 1 Assam reported 100 per cent mortality among A mimmus
trapped from treated bouses Ewvidence supporting that minimus
malsnia was controlled 1n the Darjecling Terat bv indoor residual
spraying with DDT was recorded by hnshnaswam: (1952)

It can be stated that A mintmus a vector of great importance
1s almost canfined to rural areasin the foothill regions of India
The control method of choice 1 such areas 15 the 1ndoos residual
praying of DDT and the avatlable evidence indicates that mimimus
malaria 18 amenable to control by this method
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BY
V Venkar Rao

(August 17 1954)

A VARUNA, one of the members of what 1s commonly des-
cnibed as the ‘flumatilis group *, was treated asa vanety of A mummus
or some times referred to as A listons (A flumatihs) before 1ts 150la~
tion as a distinct species by Iyengar (1924)  The position, however,
continted to be somewhat confused for a few years more till it
was clanfied by Chnstophers and Pun (1931)  Records of
A mimmus, and sometimes of A fluvratlis, pertamtng to the period
prior to about 1930 are, therefore, likely to refer to A vaurna 1n
certain areas

Contrary to carlier observations, A varuna 18 now known to
be 2 vector of only local tmportance in some areas, particularly 1n
the ball tracts of East Central India  Elsewhere, 1t may be a vector
of minor importance as 1n Bengal (Iyengar, 1942) or a perfectly
hatmless Anopheles as 1 the Vizagapatam area (Semior Whate
and Venkat Rao, 1943) However, n the areas of its importance,
113 seen to be a powerful vector with infection rates as high as
four per cent or more but, even tn such areas, 1t always exists
association with A flumatilis and A mmimus, except mn the Hazan-
bagh and Eastern Satpura ranges where 1t exists with A fluvatilis
alone  There 1 practically no locality i the Indian region where
A varuna holds the field as the sole vector

DISTRIBUTION

A varuna has been found 1n Assam Bengal Bihar, Bombay,

Gujerat, Konkan, Madras, Malabar, Mysore, Onssa, Travancore

and Uttar Pradesh It has also been found in the Madhya Pradesh

(Sentor White and  Adhikars, 1940) Qutside Indra, it has been

tecorded from Burma, specially hill tracts, S China and Ceylon
{Map 6)

*The three species iz, A flutatils A varuna and A mimmus constitute

this group 'Some records Tefer to them as the “fumestus group’ owing to
their elose resemblance to A Junestus an Afnican species
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Vil A VARUNA IYENGAR 1924

BY
V Venxar Rao

(August 17, 1954)

A VARUNA, one of the members of what 1s commonly des-
cribed as the ‘flumatilis group *, was treated as a variety of A mimimus
or some times referred to as A histon: (A fluviatilis) before its 1sola=
tron as a distinet specnes by Iyengar (3924) The position, however,

d to be d for a few years more tll 1t
was clanfied by Christophers and Pun (1931) Records of
A mimus, and of A fli to the period

prior to about 1930 are, therefore bLkely to refer to A vaurna 1n
certain areas

Contrary to earlier observations, A varuna1s now known to
bea vector of only local importance i1n some areas partrcularly 1n
the bull tracts of East Central India  Elsewhere, 1t may be a vector
of minor inportance as Bengal (Iyengar, 1942) or a perfectly
harmless Anopheles as 1n the Vizagapatam area (Semior White
and Venkat Rao 1943) However, in the areas of 1ts 1mportance
1t 18 seen to be a powerful vector with infection rates as high as
four per cent or more but, even 1n such areas, 1t always exists
assoctation with A flumatihis and A minimus, except tn the Hazan-
bagh and Eastern Satpura ranges where 1t exists with A fluatilts
alone  There 15 practrcally no locality 1n the Indtan region where
A varuna holds the field as the sole vector

DISTRIBUTION
A varunag has been found 1n Assam, Bengal, Bihar Bombay,
Gujerat Konkan, Madras, Malabar, Mysore, Orissa, Travancore
and Uttar Pradesh It has also been found in the Madhya Pradesh
(Senior White and Adhikars, 1940) Outside Indsa, 1t has been
recorded from Burma, spectally hill tracts § China and Ceylon
(Map 6)

The three species w1z A fluvatibs A varuna and A m B mus, constitute
'hu group  Some records Yefer to them as the ‘funestus group’ owing to
their close resemblance to A funestus an African spectes
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DISTRBUTION OF 4 voruna
N INDIA

REFERENCE
AREAS WHERE A varuna
THANSM TS WaLAR A m
AREAS WHERE 4 varund

HaS BEEN RECORDED m

Map 6
BREEDING PLACES

Iyengar (loc it} found A waruna brecding ;n stagnant fresh
water 1n ponds and ditches and, during and soon after the monsoon
i collectrons of storm water around Calcutta Roy (1938) found
A varuna breed n st watet coll m
with algz and other aguatie w and with :
shade  Pur (1931) found the larve in slow running streams and
1 wells mn North Kanara District of Bombay, In Vizagapatam
area, kutcha wells (without any masonry steining) were observed
to be the most f: d habrtats and d for about 60 per
cent of the total collectson of 6,502 varuna larvz, the next best
habitat being small slow runoing streams with plenty of overhanging
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shade (Sentor and Venkat Rao 1943} Russell and Rac (1940)
observed that the irngation as well as household wells were
preforred breeding places of this species Semior White {1946)
observed that seepage ricefields of the hill tracts ;n East Central
India were very favourable for the breeding of vartuna and of the
other two spectes of this group On the Ornissa Coastal Plam,
Sentor White et al (I943) observed breedig n some weed
covered tanks but the wntensty of breeding increased after the
tanks were clean weeded Venkat Riao and Ramaksishna (1940)
found larve on many occassions in somewhat dirty and foul-
smelling stagnant waters at Bhadrak in Orisssa A vaeruna 15 thus
seen to be capable of breeding 1n almost any type of water

Resting places —Adults of this species are according to
Chrstophers (loc cit} frequently found tn houses and cowsheds
Senior White (1937) observed that in Jeypore Hills human
habitations were preferred to a much greater extent than cowsheds
for daytime resting  The respective proportions of three species
of the area 1n houses and cowsheds are as shown below —

ADULT HABITS

A culic facies 10to 30
A funestus 6oto 1o
A jeyporiensis 10to 635

From these observations, Senior White (loc aif) concluded
that 1o that area °funestus 1s domnantly attracted to human
habitations and only overflowed 1nto cowsheds during the peak
months  Further observations covering 2 period of one year more
in the <ame area fully confirmed this conclusion (Senior White
1938) Hencluded three species miz A flumatths A raruna and
A mimmus under the funestus group which makes 1t difficult to
cilcalate the actual number of varuna iavolved m his studies
However he specifically stated that he combined the three spectes
nto one group because he found no s gnificant differences in their
breeding habits and infection rates and that for all practical pur
Poses they might be considered together He d ssected among
others 1 877 fluvatihis 542 varuna and 396 mnmus  most of which
were collected from human habitations If the three species in
the adult eollections referred to above ate also 1 the same pro-
Portions there must be among them 230 varuna in houses and
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36 1n cowsheds which shows that over smix times as many varuns
are attracted to houses as to cowsheds

Comparing the house and cowshed collections of Singhbum
Hills, Senior White and Das (1938) found that ©funestus’ was
attracted almost exclusively to houses there, the proportion being 48
0 houses to one 1n cowsheds Here too, their remarks are pre
sumed to apply to A varuna also

The observations made by Sentor White and Adhikan {1949)
1 the Eastern Satpuras constitute a landmark 1n the studies on
A varuna as they indicate for the first time 1ts potential outdoor
resting tropisms  They examined 108 breeding places and collected
136 fluvianihs and 503 varuna larve but the corresponding adult
catch of both the species was only 36 While varuna was three
times as as flumatilis in the breeding places it was mor
than three times less plentiful 1n houses and therefore they made
the cautious but pornted remark that there was much more breed
1ng of both the species than house catches indicated

Around Vizagapatam there 1s probfic breeding of varuns
but the adults were exceedingly rare in houses and cowsheds
Vigorous searches made in outdoor shelter such as the sides of
ruoning streams and kutcha wells and 1n thick scrub jungle m the
vicinity of the breeding places were 1nvariably negative, which
led to special methods being devised A casual observation res
vealed that, 1f varuna was very rare in houses and ordmaty co%
sheds 1t could be collected 10 bers 1n those heds which
exst 1n fields away from houses and which are constructed entirely
of palmyra thatch with the roof brought down save at the entrance
to about a foot of the ground level Such cowsheds are by B¢
means rare mn this particular area and may be seen dotted all over
the country side  In order to carry out a comprehensive study o
varuna which, on purely epidemiolegical grounds was suggested
to be a non vector by th» present author, two contiguous huts of
the above type were constructed, the only modification effected
being that the roof was brought down to the ground level and em
bedded 1n an earth nidge with 2 view to prevent the movement of
mosquitoes from one shed to another during the night except through
the open front dosr  One hut was human batted and the othef
buffalo batted  Catches were made to ‘emptying’ dally for 13}
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months 1n the former hut and for 16 months 1a the latter By this
means, over 11,000 varuna were captured, 762 from the human~
bated hut and 10 367 from the other {Semor White and Venkat
Rao, 1943} It was thus shown that, in this area, A varuna had
specsal and somewhat peculiar resting habits which involve, not
houses or ordmary cowsheds or even outdoor shelters, but a special
type of cowsheds situated away from houses

Purswing hus studies 1o the Fastern Satpura, Semior White
(1941) produced ve evid that A fi his must be
resting outdoers to an appreciable extent 1n that area  As, durnng
the study peried, A Tarung became extremely rare s outdoor
resing habits could not be elucidated at the same time Some
evidence of the exophily of flutiatilis soon became available from
another quarter Working 1n the Bombay State with stained
mosquitoes, Viswanathan et al (1944) observed that 6o per cent
of flumatihis 1n the warm weather and 40 per cent in cool weather
left their breeding places in human habutations for cutdoor shel-
ters  The position was further clarified by Sentor White et al
{1945) through their work 1 Singhbhum Hills Daunng the four
months of their study beginning 1n September they collected go
varuna in unsprayed houses, 66 11 sprayed houses and no less than
2188 from outdoor shelters, which, 1n this area were the steep
side of small xunmng streams, not far away from the villages
The fli I 1 were 3 649, 151 and or
respectively which clearly brings out the divergence 1n the adult
bionomtes of these closely related species  Thus, though varuna
represents no more than 2 § per cent of the fluviatths group popu-
lation 1n unsprayed houses, 1t forms 96 per cent of the outdoor
testing population of the same group Studying the wing and
abdominable stages of the anopheline population in Jeypore Hills
the same authors came 4o the conclusion that the flumatilis group
(nctuding varuna) leave the house for outdoor shelters when the
gonotrophic cycle 1s but half completed unhike culicifactes which
Tests at the feeding place till the digestion 1s almost complete
Evidently, there 15 much outdoor resting by varuran this area
too

The above zceount shows that the resting habits of A varuna
vary a great deal in different areas or even within the same area
sself
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Feeding fime —The only record of feeding time of A varuma
available to the author 13 that of Sentor White et al (1945),1n
which they stated that numbers of the fluviatlis group (includ
g varund) entering houses between midnight and 5 a m
are much greater than those entening before midnight The map
ity of this group 1n these collections were however A fuwmatilss
only small numbers of varuna and mmimus being enscountered but
appeats to be no ground to assume that the behaviour of varuna 13
different 1n this sespect from fluviatihis, atleast in the Jeypore
Hills

Food preferences —It might be easy in the case of several ano-
phelines to show that they are mamly or predommantiy either
anthropophilous or zoophilous  The results of precipition tests for
some common species obtained by Senior White (1947) which are
shown 1o Table I sllustrate the pormt

Tasre 1
Result of prec pitin tests of some anophelines

Houses Cowsheds Out of Deors
Species —
NotJM-}- Al N0+AI?M+ No+}M+ Al
A cul ¢ factes 564 62| s10|1404 194|138 62 5{ 81
A annular s 430 13| 301013 9} og| —~ - -
A pall dus 88 1| 11| 326 3| el — | — =
A acomus 14 4] 286 145 21| 145 2z 317
A jeyponens s 26 6| 231} 314| 27| 86| 37 1) 27
No + = number pos tive M+ = Number posit ve for man

A 1 = anttropophilous index

The anthropophilous ndices 1n the above cases are within
certain limits symslar, showing that the anophelines concerned are
zoophilous erther mainly or predominantly, whatever their resting
places may be In the case of flumatths or mmmus from East
Central India 1t could be stated that with a of few exceptions which
will be explamed later they show marked ewidence of anthropo-
philism A waruna however shows somewhat complex preferen
ces There 13 no doubt that generally n the hill tracts of Esst
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Central India varuna rates high as a vector or rather asa co-vector,
along with A fluvtatihis and A mimimus and should thus be equally
anthropophilic  But even 1in these areas, there are cettan vana-
tions (Table 1)
Tasce 11
Results of precipstin tests of Ruviatilis group from various
localitres tn East Central India

Houses. Cowsheds O tof doors

No +iM + A J{No 4|M+|A I [No +IM+|AL

Species | Louwality

A fluma | Jeypore 2 826 1 g6 27|25 926
'fﬁ ]F{us 37| 295 4 43

Singhblum{ 32| 222 692 | 362| 33| g1 12| 4|333
Hills

A miny | Jeypore 124{ 112 | go 61677 5| §{icoo
mus Hills °3 °
Singhbhum { 234 | 174 ) 74 4 28 51179 4] 3|70
Hills
A varuna| Jeypore o8| 98| 82| a2 14631 71 61857
Hills |

Singhbhum | 124 661 532 1rg 7| 61 347 14| 10
Huls

Vizaga o+{ ss| 85| w9} w| 9r| — [—| -~
patam
Ne + =number positive M + =number posttive for man

A T =anthropophilous :ndex

According to this table A varuna behaves simlarly to A flu~
vahhs and A mmmus i the Jeypore Hills and exhibits marked
anthrapophulism, 1erespective of the soutrce from which 1t 1s collect
ed thus confirming that Senior White (1037 193%) was sustified 1n
combining the three species together mto one group  On the other
hand 1n Singhbum Hills whereas fluvatilis and mumumus collected
from houses and outdoor shelters are anthropophilous and those
from cowsheds appear to be manly zoophslous, varuna collected
from houses alone shows anthropophilism while varuna collected
from cowsheds and outdoor shelters 1s matkedly zoophilous the
tatter much more so than the former  The situation 1n the Vizaga
Patam atea 1s different altogether The anth hilious 1ndex of
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varuna from houses and cowsheds 1s sumlar to that of the Singhbhum
Hills (there 1 no outdoor restng varuna n Vizagipatam) and
prima facte conditions in the two areas appear to be 1dentical It
has therefore to be ph d that at Vi varima
feeds on man only when 1t 13 forced to do so on the feeding joutney
and, 1a any case dissections show that but for a very few 10 the
human baited hut infections are entirely absent either in house or
cowshed collections This will however be discussed 10 more
detail 1n 2 subsequent section The available evidence shows
beyond doubt that, tn this area varunais a predominantly cattle
loving species

There are thus significant variations in the food preferences
of A varuna not only i different areas but also according to the
resting places 1n the same area

Gonotrophic cycle —Semor White et al (1945) observed that,
1n the warm humid months of July and August varuna completes
the gonotrophie eycle 1n 48 hours like A minimus 10 Assam (Murr
head Thomson, 1941) There are no records of observationsin
other months and also whether asin the case of flumatiis and
mimmus there 1s any time lag between completion of ovaran
development and oviposition  However Senior Whate et al (1945)
produced evidence showing that 1n A varuna too digestion and
ovarian development do not always proceed simultaneously ~Table
111 shows the condition of the ovaries at the time of dissection which
was made after the last blood meal was completely digested

Tasee II1

Ovanan condition of A varuna at the time of dissection

Nurb Ovares per cent

umber

W1 ere collected 4 umber

[¢8] (M-t | v~
—

Sprayed houses 66 2 36 62
Uneprayed houses 0 : 3 o8
Outdoor shelters 2188 8 8 44
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About one third of the number ate m early’ ovaran stages,
which indicates that repeated feeding may sometimes be necessary
for A varuna to mature a single batch of eggs, denoting a condition
described by Venkat Rao (1947) as gonotrophic discordance  Care-
ful 10spection was always made of the damp cotton wool at the
bottom of the Barraud box but no OvIposItion 10 transit was ever
fevealed and 1t cannot, therere, be stated as suggested by Jaswant
Singh and Mohan (1951) that gonotrophic discordance 1s not to be
presumed 1n such cases

Swarming —There 1s no record of swarming observations 1n
fespective varuna but such observations are essenual, 1n view of the
Bypothesis put forward, of which mentton will again b made later
that far from being one species varuna stands for more than one
distinet spectes or at least variety of biological race

Flight range —Venkat Rao and Philtp (1947) observed the
breeding of varuna up to about half a~mile from human habitations
and presumed ths to be 1ts flight range

Hiberation —There 1s no informatton on this point as far as
the author 15 aware

Longevtsy _No ditect evidence regarding longevity of this
mosquito 15 available  However as flumiatihs and muimus are
shown to survive 3 penod of twelve days 1n fair numbers and as
vatuna shows equally high infection rates as the former the longevity
of the Iatter should be much the same but this 1s at best presumptiye
evidence

RFLATION TO MALARIA

In the B ngal area, infections were found in varuna by Iyengar
{1942) 10 the Hoogbly District and 24 Parganas and 10 the Howrah
Distriet by Roy (1939) It was therefore considered that varuna was
®Rimportant vector, responsible for much of the endemicity n
Bengal Subsequent detailed snvestigations made by Iyengar (1942)
bowever revealed a different picture  Malana in deltaic Bengal was
shown to be due to A philtppinesis which was the main 1f not the
only, vector with  total infection rate of 15 5 per cent and a sporo
2ite rate of 12 7 per cent whereas the total 1nfectton rate of varuna
Wasonly 0 7 per cent and the sporozoite rate ml Iyengar (1942)
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therefore, concluded that, though varuna might be a patential vector
and had bren found infected 1n some places, 1t did not appear to
play any important part jn the deltaic area 1n determining malanal
endemicity .

As has already been stated A varuna exists on the Orissa
Coastal Plan and around the Chilka Lake but 1s somewhat of 2
ranity thete at least as an adult Sentor white et al (1943) dussected
36 specimens i the former area but found no infections  Sentor
White and Adhikan (193¢) dissected three specimens from the
Chilka Lake area with negative results Covell and Singh (1942)
confirmed that varuna was encountered in this area only on a very
few occassions and was not found infected at any time

Further south 1n the Vizagapatam area A wvaruna 1s present
10 very large numbers  Sentor White and Venkat Rao s (1943) dis
sections from this area are shown i Table IV
TazLe 1V

Dissections of A varuna in the Vizagapatam area

—_—
Where ccllected | NOTYL [ G4 | Gi4 | IR | SR l
*Hu 1an habita 762 - z 026 o026 | *Battrap
tions hats
*Cowsheds 10567 - 1 oor oot
Total 11 3% — 3 ooz ooz ‘
G4 =gut infected GI+ =gland infected
I R =totalinfection rate per cent 8 R ==sporozoite per cent

It 15 evident that with such an exceedimgly low wnfection inde¥
varund cannot be classed as a vector of even secondary importance
1n this area

On ther hand there 15 indisputable evidence of the strong
vectorsal eapacity of A varunan the Jespore Hulls, as the dissections
Iisted 1n Table V show



VII A varuna [yengar, 1924 81
Taste V
Dissection of A varuna in Jeypore Halls
(Seator White, 1937 1938)

Year Number dissected | G4~ l G+ ’ IR SR
1935736 37 26 5 I 3 47
1936/37 139 8 2y s 1t

‘Total 506 24 17 100 , 33

G+=gut infected

IR =Total infecticn rate per cent,

Gl=gland mfected
§

R =8porozoite rate per cent

As already stated, Singhbum Hills present a somewhat diffe-

fent picture

The 1nfections encountered 10 that area are listed 1

Table VI
TasLe VI
Dissections of A varuna in Singhbhum Hulls
Where umber
Authors collected  |drsected | OF | Ol+ | IR | 4B
Sentor Winte snd | Houses 189 3 2 52 ] 11
Dasirg38)
Semor White and | Human bart 153 8 3 72 | a1
ppal Natayana
(1940,
Seuor White et| Outdoor shel | 2188 3 - or | —
al {1945) ters

G+ =gut nfected
Gl =glands infected

"otal infection rate per cent
parazoite ryte per cent

The d rates for fi lis and minymus
are —
Flaviauths Minimus
Houses 18 30
Human bated 12 56
Outdoor shelters — 154

Undoubtedly, A varuna resting m houses of this area 15 as
dangerous as the other two species of the group, whereas that resting
i outdoor shelters (and possibly cowsheds to) 1s practically harm-

ess
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therefore, concluded that though varuna might be a patentral vector
and had b-en found infected 1n some places, 1t did not appear to
play any important pa:t jn the deltaic area 1n determining malinal
endemicty .-

As has already been stated A varuna exists on the Onssa
Coastal Plain and around the Chilka Lake but is somewhat of a
ranity there at least as an adult Senior white et al {1943} dissected
36 specimens mn the former area but found no mnfections  Senior
White and Adhikari (1930) dissected three specimens from the
Chilka Lake area with negative results Covell and Singh (1942}
confirmed that varuna was encountered tn this area only on a very
few occassions and was not found infected at any time

Further south 1 the Vizagapatam area A 1druna 1s preseat
1n very large numbers  Sentor White and Venkat Rao s (1943) dis
sections from this atea are shown 1n Table IV

TasLe 1V

Dussections of A varuna n the Vizagapatam area

Where ccllected | Dember | gy | Gib [ IR | SR
*Huvan habita 762 - z 026 026 | *Battrap
tjons buts
*Cowsheds 10 567 - 1 oot | oot
Total 11349 — ) ooz 002
G4 =gut infected Gl4 =gland infected
IR =totalinfection rate per cent S R ==sporozolte per cent

It 1s evident that with such sn exceedingly low infection 1ndex
varuna cannot be classed as a vector of even secondary importance
1n ths area

On ther hand there 15 indisputable evidence of the strong
veetonal capacity of A varunain the Jes pore Hills, as the dissections
Tisted 1n Table V show
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TasLe V
Dussectron of A varuna wmn Jeypore Hills
{Sentor White 1937 1938)

Year Number dissected l G+ G4 l IR SR
1935/26 Eird & 26 15 123 47
1936/37 189 l 8 2 53 1t

Total 506 ‘ 2 7 100 ‘ 33

G +=cut infected Gl=glandnfected
IR =Totalinfectien rate per cent,

5 R =tporozoie rate per cent
As already stated Singhbum Hills present a somewhat diffe
rent picture

The mfections encountered in that area are histed 1n
Table VI
TasLe VI
Dissections of A varuna n Swnghbhum Hills
Where umber
Authozs collected | dissected | G+ | G1¥ | IR [ SB
Sen or White and | Houses 189 8 2 EE
Das (1938)
Sen or Wh te and | Human ba t 133 3 3 72 | ax
Appal Narayana
0942
Senor Whte et] Outdoor shel | =188 3 - o1 | —
o {t945) ters
G+ =gut nfected 1 R =Total infection rate per cept
Gl+=glainds infected SR =S8porozoite rqte per cent
The d rates for fi s and mimmus
e —
Flunmatshs Minumus
Houses 18 39
Human baited 12 56
Outdoor shelters

154
Undoubtedly A waruna resting 1n houses of this area 15 as
dangerous as the other two spectes of the group whereas that resting
1 outdoor shelters (and possibly cowsheds 100) 15 practically harm
ess
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In the Hazaribagh Ranges which adjoins the Singhbum Hifls
A mimmye 1s an extreme ranity A varuna 1s present 1n somewhat
large numbers but 1s not as common as in the Jepore and Singh
bhum Hills In the Hazanubagh Ranges altogether 131 varuna
were dissected and three gut and two gland infections were found,
the total infection and sporozorte rates being 38 and 1 5 per cent
respectively  Durning the same period 2 167 flumasths were dissec
ted showing a total infection rate of 3 2 per cent and a sporozoste
rate of 1 4 per cent 1n spite of finding high tnfection rates in 1arunia
Sentor White and Venlat Rao (1943) concluded that m this area
the principal vectors was fluviattits and that varuna was too rare to
play any considerable part in transmission

A mmmus 1s extremely rare in the Eastern Satpura Rangesalso
and A fluvtatihs and A varuna dommnate the field Senior White
and Adhikan (1940) dissected 326 varuna and found a total infect on
rate of 7 7 per cent and a sporozoite rate of 3 7 per cent the corres
ponding rates for fluy atthis beng 72 and 2 8 respectwvely The
conclusion of these authors that fluvatths and waruna are the
prncipal vectors s thus justified In Travancore Mathew
(1939) dissected 429 specimens with and oocyst rate of 23 and
sporozoite rate of 1 6 per cent considered 1t a dangerous carrier

Outside India varuna 1s not shawn to be a vectar either 10
Busma or in Ceylon  Fox (1950) says that in Burma varunais un
likely to play any part 1n malaria transmussion  Adults of varunaare
so rare 1n houses and cowsbeds 1n Ceylon that, i spite of sts prohfic
breeding 1t 1s not thouhgt to be a vector in that country (Rajendram
and Jayewickreme 1951) The vectortal status of varuna 1s thus
shown to vary widely from one area to another

POSSIBLE EXISTENCE OF VARIETIES OR BIOLOGICAL RACES

When they found that A varuna was a neghgible factor i the
epidemiology of maleria around Vizagapatam Semior White and
Venkat Rao (1943) held out (he hypothesis that the wvaruna of
Vv might be fically distinct from that of the Jeypore
Hills  And when a cattle loving form was discovered subequently
1n Singhbhum Hills along with a form of high vectonal potency
Sentor White et al (1945) observed that there were such extreme
differences in the behaviour of this species as to furnish further
evidence 1n favour of the hypothesis that varuna covers more than




VII A varuna lyengar, 1924 83

one spectes or biological race  The existence of biological races
certan spectes has been secogruzed for some time and it has also
been suggested that, within a particular species complex, some races
might be vectors and others not  For mstance, while A culicifacies
1s the sole vector of malaria in the Punjab and 1n some areas of South
India, 1t 15 of no 1mportance whatever in large parts of the country
tncluding East Central India, Assam, Bengal and Orissa  No varta-
tions tn the morphol I ch of cuhayfe from various
areas have, however, been detected, which led to the conclusion by
Russel apd Ramachandra Rao (1942) that the ability of this spectes
to transmit malarsa depended mainly on its numbers  On the other
hand, Aftidi et al (1939} produced evidence that the intensity of
buman feedtng which must ulumately influence transmussion, varied
aceording to the relative proportion of man and animals particularly
cattle The above observations were at vartance with those made by
Senior White and Veenkat Rao (1943) at Vizagapatam where with
adequate densities but with a higher anthropophilous index than n
Delhn and South Indta, culicifacies did not play any part in transmis=
ston atall  One 1s thus compelled, as 1t were, to revert to the
question of biologzcal races, for an expl of these d
The references made by Huxley (1942) to the existence of biological
faces are given the force of axioms, he 1s so certain about them He
goes on to observe that much of speciation 1s concetned with invisible
phsiological characters rather than morphological differences, that
groups may remarn perfectly dmmc: though morpholog cally indis~
hable, that d. m 1 may 1solate
groups as effectively as geographical or spatial barners and that,
certamnly 1n most phyla and probably in all, there ewst groups ot
wdividuals which are undoubtedly distinct 1n every sense except
the accepted morphological one

When we find every concervable difference mn the ecology and
behaviour of varuna m different ateas or even within the same areas
as mdicated in the foregoing account, there 1s nothing improbable 1a
the hypothesis that there are various species or races mvolved and it
would be of interest, not only 1n an academic sense but also from
the point of view of practical malana control measures to catry out
nmntensive study of the phenomenon There 15 already some
evidence which serves as a clear pointer 1 this ditection  The eges
of this species from the Jeypore Hills and Vizagapatam were
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difimtely shorter (394 op) than the former (415 5u) but, when thea
enquxry was extended to other areas of varuna prevalence, further

d, which required de novo study of the whole
matter, (Semor ‘White and Venkat Rao 1943) Owing to preoccu
pation with other pressing work, these authors were unable to
continue the study but 1t 1s hoped that other nterested workers will
do so hereafter

CONTROL

Speaific control measures against varura ate not probably
required 1 any area  Along the east coast of India from Assam to
Vizagapatam (and perhaps down to Madras or further south) this
species 18 not of any practical importance  In areas of its undoubted
importance such as Jeypore and Singhbhum Hills and Eastern
Satpura Ranges 1t 1s always associated with fluvatihs and mumimus
and, since the feeding and resting habits of atleast the house haunt
1ng adults of the three species are 1dentical whatever measures are
taken against these two species are tpso faclo effective against varund
as well  As these three species extst largely 10 rural areas and breed
1n the numerous seepages, streams and ‘seepage rice fields ', ant
larval measures may be ruled out altogether there owing to ther cost
Senior White and Venkat Rao (1944) have shown that pyrethrum
spraying against varuna and the other members of the group s not
effective except when the costly method of daily spraying 1s apphed
On the other hand, DDT spraying has been shown to be an econo”
mical and effective method of controlling varuna (Senior White and
Ghosh, 1946)  They sprayed inside of houses with a five per cent
DDT keorsine solution at the rate of one quart of the golution
per 600 to 1,000 square feet (average dosage about 70 mg per square
foot) and found 1t effective from twoto six months, the residual
effect bemng prolonged progressively with each successive spray
round. Probably annual spraying at a dosage of 200 mg per sgar®
foot, using DDT water dispersible powder instead of solutions and
emulsions, would be the method of choice, owing to its economy
and effictency
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BREEDING PLACES

Larve occur 1n clear slow-running water, 1n foot hill and
other streams , in 1rr1gation channels , along grassy edges of flowing
water, seepages and other shallow water coilections  Itisoften
found breeding 1n rice fields and occastonally in margins of swamps
and tanks  In South China larve have been taken from pocls,
ponds, swamps terraced rice fields (Chang 1940), and in seepage
water and fallow nice fields (Chow, 1949} In Arakan, 1t was found
breeding particularly in the parts thickly overgrown with vegetation
often where standing water was not visible till a pool gathered
around collectors feet (Macan 1950) Working tn Tonkm To1man-
off (1932} mentioned breeding of this species 1n wooded hilly area
with swampy valley, and mountainous regions with enough seepage
water  Jackson (1951) collected larvee from water 1n the stubbles
and observed that flooded fallow rice fields and fields with second
crops ripening revealed larve of this species 1n hilly locales of
Hongkong

The type form and 1ts variety have similar larval habuts (Boyd
1949)  In Jeypore and Singhbum hills A jey poricnsis was found to
prefer breedipg i seepage fields over yungle nala and non-seepage
fields (Sentorwhite 1946) The rice field breeding of the type form
reveated that 75 per cent prefer fallow fields, z2 per cent broadcast
and 3 per cent transplanted fields (Sentorwhite, loc cit) Lake other
members of the stream breeding group this spectes 1s found 1n water
with temperature ranging from 23° to 33°C with an optimum 2t
28°C (Sentorwhite, loc c1t)

BIONOMICS

4,

S ! Preval —A jeyp and 1ts vatiety
abound 1n relatively dry period of the year  Macan (1950) noted
high density duning Apnil May 1n Arakan region of Burma where
the ranfall occurs from Junme to October However, the seme
author (1948) found 1t tn b gh numbers during the rans 10 Kabaw
and Kale valleys of Burma  Working 1n Hongkong, Jackson (1951)
found httle breeding dunng May to October (rainy season) and
observed a high density duning October and November In Jespore
Hills the type form 1s d to be abundant during N b
to March while 1t disappears from August to September (ramy
seasen)  Singh and Jacob (1944) did not find the type form 10
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North Kanara (Bomnbay) during the monscon  They believe that
this was due to continuous flushing of laryz 1n the streams

Resting Places The type form 1s 2 proven mndoor rester
Various workers have observed thatit prefers cattle-sheds and stables
to human or mixed dwellings (Russel and Jacob, 1942 , Smgh and
Jacob 1944 Senmiorwhite et al, 1045)  The ratio of daily cow-shed
catches to daily house catches 1s 1378 I, (Semiorwhile et af,, (1945)
However the reports about variety candideensis are conflicting  As
already mentioned, this may partly be due to the fact that the
variety and the type form were not always recorded separately by
wotkers cutside India  Macan (1950) and Watson {quoted by
Macan, loc ait, and Postighone and Venkat Rao 1956) found this
form in constderable number near man at might  These workers
did not find them 1n houses during day and near cattle during night
Feegrade {(quoted by Postiglione and Venkat Rao, 1956) found good
numbers 1 houses and cow-sheds 1n Bhamo area of Burma Macan
(1948) collected 63 mosquitoes 1ndoors of which only two to three
Per cent were with old blood ~ He concluded that very few speci-
mens spent the day i their feeding places  The same worker 1n
an experyment with human baited tents observed that all specimens
tended to rest for an appreciable period near the source of food
before raking an attempt to feed  Semiorwhite et al (1945) also
chserved that the type farm moves away from the feeding s te for
the second half of digestion being 1 the house for one daylight
Pertod only 1n each cycle

Senjorwhite and (shosh (1646) noted the following preferen-
tial resting spots jnside dwellings for the type form in Jeypore
ils —

(Figures in Per Cent)
Wall and  Thatch Clothing and  Fisewood
dpor roof  Floor Furnture y 10 one obgects
425 340 53 120 45 s
According to Jackson (1951} venety candidiensis prefers dark
<orners and hanging clothes for resting indoors
Feeding Time —~Macan (1950) abserved that this species enters

*bashas * between 2z oo hours and midnight most fed between o1 30
nd 03 30 hours and disappeared  In rooms without smoke, the
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whole course of events took place earlier and some freshly fed mas
quitoes were found between 21 ¢o and 21 30 hours  There wasno
entry ot dawn Innight catches Nursing et al, (1934) collected
more specmens (type form) between 4 hours to 6 hours than bet
ween 21 00 hours and midnight (54 o and 46 o per cent respectively)

Goanatrophic Cycle —Sensorwhite et al (1945) mentson the
gonotrophic cycle to be seventy-two hours for the type form How
ever, 1t 15 Iikely that this may vary with seasonal temperature varz
tiong as 1s the case wath other species

Anthropophilic Index —Sentorwhite et al (1945) mention that
the type form has a high enthropophilic index 1n presence of human
blood The varety candidsensts, also 1s regarded as having a high
anthrepophilic index Macan (1950) collected more mosquitoes
using human batts than with cattle baits  Jackson (1951) got the
followmng results from precipitin test conducted on the vanety it
Hongkong —

Number Number Antisera
ezamined  posttive Man Cattle Pig Dog Horse Muxed
214 188 103 72 2 I 8 2

However at one station (Woo Li Hop), where cattle and
anmals lived side by side their owners the precipstin test revealed
equal numbers reacting to human and anmal sera Toumanofl
(1936) stated thatin Indo China when caught 1n houses it always
contatned human blood and oceastonally did so even when captured
1n stables or cattle sheds He classed 1t as highly anthropophiic
with great ammal deviation (as also proven by Jackson loc at)
Raynal and Gaschen (1935) found that seventy two per cent of 370
caught 1n dwellings 1n Indo China had fed on man

Flight Range ~-According to Jackson (1935) the firght range of
candidiensis 10 Hongkong exceeds half a mile Sentorwhite et ¢!
(1945) experimentally showed that the type form in Jeypore Hills
goes beyond 1,400 ft for ovipositing

Longevity —There1s a very high percentage of survaval for
over twelve days 1n the cold wheather in the case of A jeyporiensis
(Semorwhute et al, 1935) No record of the longewity for vareta!
form 15 avatlable
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RELATION TO MALARIA
The results of dissections of A. jeyporiens:s and 1ts vanety
candidiensis ; recorded so far, have been set n Table I, Noinfectrie
mosquito has been found amongst wild-caught specimens from
present day India  Qoceysts have been recorded 1n spectmens from
Jeypore Hills (Sentorwhite 1937 and 1945, Sentorwhite et al , 1945),
1 Assam (Ramsay et al, 1936), 1n Mysore (Nursing et al, 1934}
and 1n Travancore {Iyengar, 1934a) Contrary to reference avalable
1n the Iiterature about var. candidiensis being a vector, this evidence
leads to the conclusion  that this varietal complex 1s not nvolved 1n
malania transmisston 1n this country.  However from very easly
tmes {Stephens and Christophers, 1902 , Perry, 1914), due to its
presence in large numbers 1n areas of high malana endemicity this
species has been considered a potential vector mn areas of 1ts distri~
button n India  The oocysts m case of Iyengar's dissections are
Teported to have d mature Therefore, 1t may
Be just dame luck that has prevented mecnmination of this spectes
(type 2s well as vaniety) as a vector  Future dissections may yet
teveal an 1nfective specimen 1n India.

Outside India, the vartetal form (although not always desig-
Dated 50) 15 considered a premonsoon vector of importance on
Burma-Fast Pakistan border (Macan, 1950), Hongkong (Jackson
1935, 1931), and Indo-China (Toumanoff 1932 1936) and of
secondary importance in South China (Chow 1949)

All these areas are byperendemic, and 4 mummus 15 the
important assaciate vector.

CONTROL
No specific data 1s available on the control of 4 jeyporensis
Var candtdiensts by the use of des (Smgh et al 1954, Pal

2nd Sharma 1g55)  Semtorwhite and Ghosh (1946) recorded upto
ten fold reduction 1n density of the type form by sprayig one quart
of five per cent solution of DDT per 1000 sg ft  Jackson (1951)
ehminated breeding of the varetal form by preventing flooding of
nice fields  Covell and Harbhagwan (1939) prevented breeding of
the type form by packing of rice field drams

It seems that proper care of irrigation drains and 1ce field
drainage and the use of res:dual msecticdes would check malaria
transmission by this spectes
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breeding 1 2 great variety of waters Chnistophers (1912) 1n Anda-
man found them breeding m pools besides forest streams and
Covell (1927) 1 pools 1n the open and disused wells In Bengal
Teras, Purt (1931) found A leucosphyrus breeding in rain water 1n
borzowpits along the side of the road, tn thick forest Clarke and
Choudhury (1941) in Assam reported breeding 1 pools made by
elephant footprints m the open jungle Senor White (1926} 1n
Ceylon found leucosphyrus breeding at the head of a ravine with no
forest of any kind within some miles  Macan (1948) recorded that
one of the breeding habit was open sunlit McArthur (1947) reports
lewcosphyrus larvae to be very shy They were easily disturbed
and rapidly bid m the sediment at the bottom of either the pool or
dipper as the case may be and remained submerged much longer
than was the case with other species The larve were actually
timed by him to remain submerged for five minutes or more  He

.
OISTRIBUTION OF A LEUCOSPHYRUS
N INDIA
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emphasized that this feature of the latva remaining submerged for
unusually long periods was found responsible for the deley n detec
ton of A leucosphyrus as common breeder in Borneo MecArthur
tlec c1t) and Rerd (foc a1t ) recorded differences in the breeding
habats of the varieties
BIONOMICS

Adelt resting places —A lewcosphyrts 1s widely beleved to be
a wild species inhabiting jungle under outdoor conditron during
day time Inspite of that, 1t has frequently been captured m
human habitations during mghts Lalor (1912), Chustophers (e cit)
Cavell (Ioc 1t ) and McArthur (loc ctt ) have recorded indoor eatches
of leucosphyrus only duting mghts  Roper (1914) 1n Borneo found
them pre<ent abundantly mside defective mosquito nets tn coolie
huts engorged with fresh blood  In Assam, Clacke and Choudbury
(loc 1t ) caught them from the living rooms often inside the mosquito
nets Clarke (as quoted by Macon, 1648) suggested that the fact
that they were caught only from mosguito nets indicate that the
nets acted as traps  He considered that A leucosphyrus mosquito
engorged with blood made less strenuous eflort to find a hole in the
mosquito net than she did when she was outside and bunen
McArthur (loc o1 ) records that in Borneo these mosquitos Fested
for a short tume on the walls of the hou<es where they fed and got
away before dawn to their unknown outdoor resting places and were
cempletely absent fiom the houses on examipations by conventional
methods Healso noted that this mosqusto bad never been found
testing 1ndoors either by day or night, unisthe other mosquitoes #
was rarely found feeding on animals but 1t was found only 1n human
bat traps zfter long observations lasting for days Macan (foc it )10
a night catch of 128 fully fed A leucosphyrus females mosquitoes
noted that only one mo<quito had half digested blood and the rest
wete engorged with fresh blood  This he cotrelated with the ab-
sence of leucosphyrus from the human duellings duning day and
night catches and concluded that 1t did not rest indoors MeArthur
(loc cit ) strpulated that probably they rest in the jungle where they
return after feeding in the early hours of the moming Venhuss
(1942) obsersed in East Java the adults of Zeucosphyrus resting on
banks of streams  Colless (1953b) has recently reported that £0
per cent of the females rested for ten to twenty muutes on the walls
nside houses before feeding and almost all rested for thirtyto
siaty minutes after feeding
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a neghgible quantity as the effective flight range  They have con-
cluded the effective flight range of A leucosphyrus to be half 3 mile
and range of diffusion to be more than a mife

RELATION TO MAI ARIA

Longuity and swarming — No information direct or indsrect 1s
avatlable regarding the longwity and swarming habits of A leucos-
phyrus

4 len.osphyrus 15 considered to be an important vector m
Assam  In Digbos area (Assam), Crawford 1n 1938 (as reported by
Clarke and Choudhury, 1941) noted for the first time natural
nfection 1n A leucosphyrus  This was later confitmed by Clarke
and Choudhury (foc ctr) Terrel (1943) incrimmated this mosquito
as a vector in the same area OQutside India A lencosphyrus 18
considered to be a vector of considerable 1mportance 1n Borneo
McArthur (1950a) records leucospkyrus as the only anthropophihc
species connected with hyperendemic malaria of the jungle ravines
m Borneo  The positive dissections recorded so far available are
given in Table ¢

CONTROL

The paucity of information about the bignomics, the ranity in
routine catches and the rep as a harml has been
responstble 11 drverting the attention of various workers from the
control of A Jeucosphyrus It 1s now conclusively proved by
McArthur (1951) that this species 1s not as jnnocuous as it was
believed to be, wherever st 15 present and whenever dissected 1n
adequate numbers 1t has been found to be infected and to be the
catrier  Its vectornal capacity has been verymuch underrated
previously

Successful control of 4 leucosphyrus 15 reported by McArthur
{1947) who employed naturalistie methods like jungle cleanng and
admssion of sunlight into the breeding places  Eacher he farled 10
control them by the usual larvieadal methods, and has since stressed
the use of herbicides or weediaades

Gilroy (1951) 1n his field trals with suspensions of DDT and
BHC 1n Assam agamnst this spectes came to the conclustoft that
where the local conditions require six weekly replastering of walls
10 mgms BHC or 45 mgms DDT sq ft were equally successfulin
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controlling this mosquito  Where a longer cycle of spraymg 1s
desirable 20 mgms gama BHC was preferable to any DDT dosage

In Sarawak (Borneo), WHO started control of A leucosphyrus

balab: by residual des 1n 1953 the results of which are
not yet available Colless (1953b) tried a small expeument with
residual des but were not Justve
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X. A CULICIFACIES, GILES, 190t
BY
M L Baaria
AND
K 8 Krisunan

{Malana Institue of India, Delhi)
[October 29, 1956}

INTRODUCTION

Tae 1dentity of this mosguito was established in the yeat
1901 by Giles who gave a bref deseniption of specimens obtased
from Hosh bad, Central P and the Berars Deccan (the
present day Madhva Pradesh) He gave the name culicifacies to
1t because 1n the living state 1ts resting posture resembles that of 2
culicine mosquitoe It was proved to be a vector of malaa by
Cornwall 1n 1902 for the first ime

SYNONYMY

(a) A fistomr Gales 1gor corrected by Theobald (1903)

(b) A ndica Theobald 1gor corrected by Theobald (1901)

(c) A punjabensis James 1911 corrected by Chnstop

hers {1916)
RECOGNIZED VARIETY A CULICIFACIES ADENESIS
CHRISTOPHERS 1924

Many workers have suspected from tume to time that
A culiafacies 15 composed of at least two forms, one having
vectorial capacity while the other 1s inocuous  Specimens of culet
facues from areas mn India where 1t 15 known to be a vector and from
areas where 1t 15 not have been avely studied for parison
(Russel and Rao 1942 Pal 1945) but no significant morphological
difference has so far been detected 1n the egg, larvee or adults  The
question of the possible existence of the sub species 1s still unsolved

DISTRIBUTION ,

The species 1s widely distributed in the Indian vegion  East
wards 1t extends through Assam Burma and Thailand to the Plateau
of Yunnan in China  Southwards 1t 1s predominant in Ceylon  In
the westerly directton 1t 15 dsstributed over Palustan (West Punjabs
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$indh and Baluchistan), Afghanistan, Aden, Muscat (Arabia), Pales-
tne, Iraq and North Persia  Macan (1930) believed that specimen
collected by Keys at Bushire 1 North Persia was wrongly designa=
ted A sergemts and was really A eultarfocres It has been pointed
outby one of the present authors that the orgmnal home of this
species apparently hes somewhere in India with Delhs and Pattu-
kottas as the axis (Bhatra, 1955)
BREEDING PLAGEs

The preferential breeding places of the species ate fresh rain-
water pools, irrigation channels, pools 1n river bed, borrowpits and
cemented tavks ;n most Jocahtes. In South eastern Madras the
types of breeding place which account for the bulk of culiaifacies
breeding are irngation capals, wells and waste imigation waters
From these three types combuined, Russell and Rao (19 30 and 1941)
cbtaned *'nearly 70 per cent of all larve collected and about 58
Per cent of all times taken’ [tis one of those species which s
wellknown for its abihity to breed in a great vanety of breeding
places In the Ennore Nellore coastal areas of Madras, shallow
pits dug for watering young Casuanna equestifola plants have been
described as vistual nurserses for the species (Russel and Jacob,
1939a)  The soul of this area 1s sandy and relatively infertile  In
Delbu area different types of breeding place of the species were
thssified by Covell (1939) as (a) excessive rmgation wWatef, dsso-
ciated with canal system ecoupled with snterference with natural
drainage by embankments for railways, roads and canals (b) the
2nnual rise of water level in the river Jamuna resulting m heading
P of storm water drains, {c) large number of residual pools, after-
math of receding flood 1n the river, (d} vast number of excavations
inthe form of botrow-pits, pits 1n brick fields and quarries, (e)
domestic breeding places in the form of water collections fed from
bydrants and lesky slusce-valves, ornamental waters and unused
S¥imming pools

In 3 reclamation arex of Bombay State st has been found
breeding in brackish water which contatned up to 25 per cent of sea
“aler (Chalam 1924) According to Young and Mayid (1930) the
#1l1a many pacts of Sind (Pakistan) 15 mpregnated with alkaline
#lts of magnesium , calerum and sodium known as “Kallar . Water
#2nding on such souls, rich an these salts (Kallar) affords very suitable
foarcament for eulicifactes breeding  These authors also observed
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that the addstion of Jeaves falling from Babool trees {Acacia arabica)
on the water surface, along the edges of canal and their tnbutares
created highly favourable culture medium for the larve

In Punjab, the species has been found to beeed 1 durty cattle
ponds, muddy borrowpsts and roadside drains {Ramsay and Mac-
donald, 1936) These werkers also noted that high sub-soil water
table produces 1deal swamps for cultctfactes breeding  Preferentiat
breeding places reported by Davy (1912) are weedy pools under
shade of trees and water 1n slow motion through tufis of grass The
larve also flourish tn 1rnigation channels with a considerable central
velocity (2 4 miles per hour), provided the banks have bays and are
grassy  Culicifactes breeding in moving water was also observed by
Mulligan and Baily (1936) in Quetta (Pakistan), where chref breed-
ng situations were i connection with open trrgation channels
ansing from springs, wells, river and karezes The breeding was
predomsnant 1n bays and backwaters along the edges of the channels
Mulligan and Baily (loc cit,) however found that breeding was less
prevalent 1n water under the shade of trees and i undergrouod or
partly underground water of karezes According to De Burca
(1946) tn Jubbulpore, (Vindhya and Satpura Ranges) 1t 1s essentually
a stream breeder  The Jarva are feund in very large numbers m
medium sized streams with sandy edges devard of standing vegeta
trion  In smaller streams they parncularly abound among spirogyra
It has been noted by Barber and Ruce, {£938) tn Poona that breeding
1n wells 1 resorted to during the hat and dry weather when the
favourable breeding grounds dry up  In Pattukottat (Madras), the
spectes breeds prohifically in wet falfow and young nicefields Rus-
sell and Rao (1942 a) have shown that culicifucres breeds abundantly
1n rice fields before and immediately after planting but when the
plants attain a height of 12 inches 1t 13 no longer to be found there,
The experiments of these wotkers have revealed that the height of
dense shade over the breeding places by iself bas no mfluence,
erther 1n attracting or repelling the females Mechamical
obstraction 1s the real determitning factor Rao aad Ramoo (1942)
reported successful nhibiton of cultcitactes breeding along the
margins of canals in Pattukottar (Madras) by cultivating Vitex
negundo a parenmial shrub on the canal banks The dense folrage of
Vitex negundo creates both shade and mechanica] obstruction  The
tatter 1s probably a mere nunportant factor than shade in pxevenlmg
culicifaties breeding. In Kashmur, the species 1} to
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1 bl streams with pebbles 1n their beds (Jacob 1950) Still another
type of breeding place 1s concrete cistern {Dow,1953) In Muscat the
favounite breeding grounds are wells (Gill 191€) Aden (Hinterland)
also presents a sumilar conditton where var adenenss breeds 1n wells
and pools 1 bed of streams (Christophers 1924) In the willages
along the Arakan coast of Burma, culicifartes has been reported
(Garewal 1937) breeding even 1n domestic water containers such as
earthenware vessels and old tins  But this finding has never been
confirmed by any other worker  Mehta (1934) m his experrments
onA cuhnfacies with natural waters contaming different amounts
of free ammon1a and sclutiops of ammontum carbonate concluded
that oviposition took place indiscriminately 1n the laboratory n
waters w th up to 6 6 per mithon saline ammonta  Observations of
Russell and Rao {194 b) on the ecology of larvae of A culictfacies in
seepage filled botrow-pits n Pattukottar showed that no definite
relationship existed between the fluctuations 1n the density of larca
and any one of the following factors depth of water ramntall *
P hyd carbon dioxide
dissolved oxygen, alkal hard chlonine 1 aitro
gen nitrates, mtnites sulph hosph: yron and
metels  The important factors which had significant beaning on the
werease or decrease in the number of larvee were

(1) Agengof the pits The highest numbers of lirva serc
found when the pit was newly dug  There was a dechine
10 the number as the pst grew older

{2

Plankton and amorphous matter  Marked decrease n the
number of larvae was associated with ncrease o total
plankton and amorphous matter  Individual planktonic
organisms however had no relation to culicifacies breeding
but blue green alge seemed to have dewmental
effect

Tuthudity Water of the newly dug pits was tutbid and
of the old ones clear Certain amount of turbidity (40 per
100 oco may be favourable for the species )

(¢

w

In the turbid and mud coloured canal waters of South Eastern
Madtas the species has been reported to thrive (Russell and Rao,
940

*ltss, hosever an important factor 1n éreating fresh peols which are prolific
breeding grounds of the species
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Rain-water pools on clay and sandy soil are deal for culicrfacres
breeding but on peaty soil 1t 1s not so (Russell and Jacob, 1939b)

Water temperature —Most species of anopheline larvaz may be
found under field conditions m water whose day-time temperature
near the surface 1s within a range of 24° to 35° C culieifactes larve
however may be found thriving even at higher temperatures Russell
and Jacob (193¢¢) reported that the species 1s found in water of
casuarina pits exposed to sun having a surface temperature as high
as 38°C  Eggsand first stage larve are more resistant to high
temperature, than fourth stage Jarve Thomson (1540) determined
the thermal death point of the fourth stage larvee of different anophe
lines He defined the thermal death point as the lowest tempera
ture at which all Jarva were killed by an exposure of five minufes
the temperature being raised slowly over a pertod of one and half to
two hours  He found that i culicifactes the thermal death point
was as hugh as 44 0°C which was second only to that of A vagus
whose thermal death pomnt was 44 5-45°C  Laboratory observations
of Pal (1945a) show that A culteifacses larvae can tolerate tempera
ture upto 43 3°C  The most favcurable temperature according to
him however ranged between 28°C and 32°C, the optimum being

o

e ASSOCIATION ©F SPECIES
Association of A cuheifacies larva with those of other anophe-
lines has been studied by Russell and Rao (1940) in South Eastern
Madras  Outof a total of 3014 positive larval collection made
over a pertod of one and a half years the frequency with which the
species was found by stself or mn association with two other spectes
was as follows

Combtnaton of spectes Time taken together

Culicifactes culictfactes culictfacres 942
» subpictus vagus 278
’ " pallidus 217
. » annulans 120
- i varuna 107
» allsdus vagus 72
s P 9 hyrcanus 68
" subpictus " 62
> ”» Jamest 58
2 annularls " 42
” ” pallidus 41
» Jamest vagus 3!
varuna » 26

» hyrcanus " 19
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The number of times the species 1s found alone not associated
with other spectes 15 significantly high {31 3 per cent times) Thus
it 15 obvious that the species has its own preferred hreeding
grousds  Furthermore, the mrost frequently assocated species 1s
A subprctus, which seems rather paradoxical at first eight butis
keeping with the fact that A subpictus 1s found in a great varety of
water collections

OVIPOSITION

The process of egg lysng 10 A culicrfacies resembles that
of Anopheles maculipenmus group described by Bates (1940)  Russelt
and Rao (1942) showed that A culicifacies 1o nature has the habit
cf ovipostting while flying and performmg 2 hoveriag dance aboat
tso to four inckes above the water surface During the dance
they never touch the water surface etther directly or indtrectly by
festing on the neighbouring bank edge or on any floating
material  They keep flymng to and fro 1n relation to some fixed
tomt  The fight movements are vertical as well as hornzontal
a the female drops egge  Grawid females go to the brecding
places at about 6 30 16 7 pm  when 1t 15 datk enough to make them
wosble to the unaided human eyes  They lay eggs all through
the night up t0 about § a m , the greatest number beng laid duning
the first third of the night

The average number of eggs that a wild causht female bas
been found to lay duning different seasons at Pattukottar according
toRussell and Rao (1942) ase as follows

Season (1940-41) Average number

—_— of eggs lad
February-March 131
Aprl May 151
June July 135
August-September 105
October-November 13
December January 123

This shows that there 13 no great difference 1n the fecandity
ke ferales 1 relation to seasonat changes tn that locality
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SWARMING AND MATING

The most mmportant factor controlling the swarming and
manng of this species seems to be ample space for orentation
In a space lipited to 2 X 2 X feet size cages all attempts
by different workers have failed to achieve fruitful results Russell
and Rao (1942) successfully induced it to swarm and mate 1 an
aluminium wire screen cage with dimensions 40 X 20 X 10 feet
‘The cage was an outdoor one enclosing a small mud and thatch
hut  Essential requisites of the mosquitoes for feeds, resting and
oviposttion closely k natural d were provided with-
in the cage  Important points observed by these workers were as
follows —Mosquitoes became active and left the diureal shelter
between 6coand 700 pm when a hight meter at ground level
facing the sky showed a reading of 50 foot candles  When the
light 1ntensity came down to about 2o foot candles swarming
started with a single male performing dancing movements  Soon
1t was followed by a large number of individuals over a selected
place to form a typrcal swarm  The swarms were very compact
measunng about one foot vertically and 1 5 feet above the ground
The most remarkable feature of the swarms was the exact position
within the wire netting cage where 1t always took place It was
always an an east to west line about 23 feet long of clear space with
aut any obstruction and over dry earth  The dancing individuals 1n
a swarm always showed a forward and backward floating movement
facing east  Vanable number of females could be found in the
swarm but their number was always much <maller than those of

males

Nurober of mdiwviduals taking part 10 a swarm vared from
4 ot § to more than a hundred  Position of male and female duning
copulation was end to end  Thus connected they slowly flew away
from the swarm 1n all directions and separated on coming 1n contact
with vegetation or other objects  Copulation was observed to last
upto 15seconds It was also noted that sometimes mating took
place even without the formation of swarms but the time and place
selected for the purpose was the same as that of the swarms It
was also observed that the copulating females in most cases had
taken a blood feed before mating No clear relationship of meteoro-
logical conditron and swarming was noted except that 1mmedustely
before or after rain 1t did not occur
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RENTING PLACES
A ahafsoies 1s a pred ty d species |

human dwellings and cattlesheds for 1ts daytime vesting  Reposts
teqarding the relat ve prevalence In cattlesheds and houses are
vather corflicting  In Bengal fTimbers 1935} the mumber sesung
1 houses was hugher than that in cattlesheds  Senior Whute (1437}
on the contrary found that in Jeypote greater number were to be
found 1n cattlesheds than 10 human dwelliags  Sentor Whate et al
{1945) teported that the ratio of cattlesheds to house catche was
opnastte of what they found in a lotality neas the Western Ghats
Findings of Sentor White and Das {1918) at Staghbhum hills and of
Perry (1014} 10 Jeypore Hill teacts again go to show the preponde-
rance of the epecies iy cattlesheds  In Delhs urbin area Afnde
Jacwant Swagh 20d Harwant Singh (1939} also found that the num-
ber caprured from cattlesheds was hugher than that from buman
dwellings altheugh both shelters were in the save coustyard  That
the species may feed 1n one place and rest in another 35 now uell
recogmsed  Afrids e of (loc cut | have reported that human blood
fed specsmens of thit species were at ferst twite 32 numerous in
ltesheds or bined human and lesheds as from purely
humin habitanons  Similarly Seator Whete (19.47) found that human
blood fed specimens could b found not only from buman daellings
but atso from cattlesheds and even autdoor shetters Larger per-
centage with hunan blood feeds were from cattlesheds  There s
thus greater evidence to show preference of A cuhicifacies for cattle
sheds as dayture sestng places  Apart from the peoximaty of the
source of blood feed other factars which determne the resting places
are the cool, dark and humid atmosphere protected from draughts

The climatic conditians mast favoured by the spectes are a tempe
cature cange 77°-38°F 1n combmation wath relatn e humidity cf 6o-S¢
per cent (Pal 1943) Suitable ecological conditions may he encounte-
red by the masqutta even tn cutdoor shelters  Instances are avaita-
ble which show that the species does utilise outdoor resung places
Purty (foc at ) found ot resting 1 sigauficant numbers amongst the
roots of tluck bushes w Jeypace hills  § nror White (19464} found
wartable number of blood fed specimens taking sheltes dunag day-
1me in nala banks sa Singhbhum nala banks and bu.hes 1n Jey pore
hills caves and culverts 1o Hazinbagh and Korea Conlficld aress

The speens s also kno vn to utihize outdoor resting phices to gome

extent in Baluchistan where they have been found 1n conniderable




116 Vectors of Malana tn India

number in karezes and caves quarter of a mile or more away from
human habitations (Mulligan and Baily, 1936) Evidence of A culit

facies resting 1n outdoor locations has also been furnished by Rajend-
ram et al (1950} 1n Ceylon They could catch 1t by means of human
baited traps i dense jungle in which there was scrub as well as high
forests as far away as 4-7 mules from human dwellings So far 1t
has not been found under outdoor conditions 1n Delht areaand its
environs 1 spite of repeated searches The species 1s clandestine
m its resting habits It has been found hiding 1n holes and crevices,
of the roof (James and Liston, 1911) Christophers (1933) has stated
that 1t hides 1n holes among dungcakes and 1n chaff etc It has been
observed to penetrate deep into thatch of cow-sheds and even mto
the bristles of nail brushes (Clemeshaw, 1934) Recently a peculanfy
observed by us i Vindhya Pradesh was that this species was seldom
found 1n sheds where goats alone were kept At Bushehr m Iran
adult A culicifacies have been found to rest in large concrete cis-
terns tadequately screened m which rain water 1s stored (Dow
1953)

Aryaratnam (1955) 1n Ceglon found that the least utilized
situations inside bouses were hanging clothes and other objects
which 1s contrary to the findings m Delht (Pal and Sharma, 1952)
One of the situations rost preferred by the species 1 domestic
resting places obsesved 1 Delht and Vindhya Pradesh is the
underside of horizontal surfaces such as roof and shelves along the
walls Cobwebs along the corners and roofs are also the favoured
resting places  Rafi (1955) has reported from Punjab, (Pakistan)
that A culcifa was found ly distributed th hout the
whole wall surface inside the room  This 1s at vanance with Atya-
ratnam s (foc cit ) observations 1n Ceylon where this species was
found to rest mostly below six feet

SEASONAL PREVALENCE

Fluctualions m the adult density of mosquttoes 15 terlinked
with the larval habitats of the species For this reason the most un
portant factor 15 the extent to which the favourable breeding places
are avallable  Afndi ef al (1940) were of opinton that no definite
relationship can be established b the logtcal condition
and numerscal varration 1 4 culicifacies density  But they believe
that 1t 1s regulated by some unknown seasonal element Russel and
Rao (1941) were also doubtful of temperature and humdity having
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the year thcugh periods of comparatively low densities are January-
February and May June with two peaks one 1n March April and
the other September

(D) Eastern Terar Assam Bengal W Coorg Malabar (hill
areas) and SW Coorg—Here the species occurs throughout the
year but with high prevalence during February to May

(E) Eartern U P Rweran Tractsin UP and N Bther —In
this region the months of low density are July August with two
peaks first 1n Apnl May and the second 1n October November

(F) Madras mland tracts S E Coast E Coorg and low lung
ateas of Malabar —The month of low denstty i this area are July
September with peaks in December-January

(G) Vizagapatam area and Madhya Pradesh —A  cubcifacies
occurs throughout the year wich prol d period ef high p
from July to December

Russel and Rao (1941) have however shown that mn Pattu
kottas Tanjore Distt the perrod of greatest prevalence of the
species was in Aagust Septembr This observation 1s not 1n agree
ment with type F of the maps published by Afridr and Purt {1940)

In addition to the above Viswanathan (1950) has given the
seasonal prevalence of this spectes i some of the areas of Bombay
State

In Byapur Distt the highest density 1s 1n mud September and
the numbers fall off rapidly from December In Nask Distt the
density of this species remains high from November to July In
West and East Khandesh districts the highest prevalenre s from
August to October while in Poona and Sholapur Distts fair number
of A culictfactes occur throughout the year but the peak 1sfrom June
to November and therc is rapid decline from October In Durg
Distt  the density of the species remains high all through the year
highest bemng in July In Broach Distt, A culicifacies shows 2
sharp increase in density 1n August while the peak 1s reached 1
November Fair numbers are mamtamed till the end of March

In Ahmadnagar Distt  cul aifactes density remamns high all
through the year except 1n May

Jaswant Stog and Jacob (1944) o N Kanara found the Jargest
number of this species m Apnl and June and least in October
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to x1.6 1n September, Inthe same month of the post
epidemic yesr 1943 15 was even higher, 117 250

(2) Viswanathan {loc cit ) reports that this spectes i1n Bijapur
District (Bombay) during the entire transmission season
has a density at Jevels several times higher than 50 per
man hour 1n mid September In Dharwar District 1t
does not ge much above 8 or g per man hour

(3} At Tuvarangurichchs an Tanjore distract (S India) dunng
the transmission season July to November 1939, Russel
and Knipe (1940) showed that the density of species
varted between 7 5 and 28 4 per man hour highest being

m August
(4} Average figure for density of the species 1n the entie
Pattukotta: taluk derjved from 1937 to 1940 by Russell
and Rao (1941) are
July T1o0 perman hour
August 257 "
September 203 5
October 16 f
November 99 "
The highest level reached was 40 per man bour 1n August
of 1939 and 1940 (Russell and Roa 1942}
(5} Viswanathan and Gadre (1950) reported that the densiy

n Ahmedabad District (Bombay) during September
vaned from 13 © to 25 8 per man hour

In most of the areas cited above, the density of the species
during nop-transmission periods 15 known to remain 1cvariably
below the critical level of 5 0 per man hour As such it may be
regarded as a further proof 1n support of the conclusion denved by
Russell and Rao (1942)

The wdex 5 @ per man hour may thus be adopted with advan
|

tage for d the timely appl of reapp o
control measure 1n areas of A eulicifacies transmutted malana
LONGEVITY
At heric ure and d play an mmp

part 10 deterrmiming the longevity of a mosquito The long‘e:l!y
Increases as temperature decreases and more especially as relatnve
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population have ary chance of carrying on malaria transmission
They calculated that the probable duration of hfe of the species was
tnodays and the sverage life was only four days But 1n every
batch there were invariably one or two specimens which were much
t~nger hved than the rest  As this species 1s known to transmit all
¢hree species of human plasmodia 1ts denty 1n any particular area
rust be very high to make 1ts three per cent (longlived) population
effective transmutter

BITING TIME

Clyde (1931) reported from his observation 1n UP Tera
that the spectes bite human beings during day as well as mght time
hing and Knshnan (1920) recorded similar observation m Nellore
District (Madras) but subsequent workers elsewhere have not been
able to confirm these findings  Semior White (1938) 1n the Jeypore
Hull tracts found that the spectes bite marnly around m dnight very
httleat 2 30am and noneatallat 4 30am  Observations made
at Delht by Afnidy and Pun (1940) were 1n agreement with those
of Sentor White  Further 1avestigations made in Delh: by Pal
(1945) showed that the greatest biting actwvity of the species took

place between 22 30 and o1 00 hours gradually decreasing after
mdmght

FLIGHT RANGE

Russell et al (3944) carnied out intensive expeniments on the
determinat on of the flight range of the species 1n Madras state
They taok 207 800 culicifacies specimens marked them with Mapd s
(1937) dusting technique and released them at a central spot
Recaptures were made from 86 calf baited traps tn concentric circles
placed at varying distances  The conclusion of their experiments

was (hat the total fl ght range ot the spectes 1n Madras was between
1 5and 1 7§ miles

Eatlter workers judged the flight range from their observations
on the distances traversed by the species from the breeding places
to the adult resting places  Stephens and Chustopbers (1g02)
believed the flight range to be lim ted to only a quarter of a mile at
Nagpur At Muanmir near Lahore however Chnstaphers {1904)
concluded that the species was probably capable of covering dis-
tances of half a mile or more during later part of malania season
Lindberg (1935) regarded the dispersal range i Hyderabad
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duning the period in a flooded area 1n Birnagar (Bengal) S ddons
(1944) studying 1nfection of A culicifactes with different species of
human plasmodia came to the conclusion that a lower temperature
within the range of 94 to 70° F particularly when combined with
d relative humid the period of survival  Russel
and Rad’s (1942¢} finding on the longevity of A cuhafactes under
lated natural envir 10 Pattukotta: agree in general with
figures obtained by Afridi et al (1940) from Northern Indsa {karnal)
under field conditions Maximum longewity of the females m
dsfferent months 1n the two areas compare as follows

R

May 9 i
June 14 14
July 24 24
August 14 13
September 25 23
October 32 32
November 45

December 56

There were marked differences 1n the temperature and hum
dity of the two areas but their combinations were sumilar to the
corresponding longevity figures which are more or less the same
Russel and Raos (1942) work also reveals that at Pattukottat the
maximum longevity of the spectes varied from & to 11 days dunog
May toearly June From mid June to mid July, 1t was 13 to 16
days In the later months up to end of November 1t always remam-
ed above 21 days Males are very short lived The maumum
longevity noted for them 1s eight days The most :mportant feature
of Russell and Rao s (1942) studies was regarding the rate of morta-
Ity of adult females  They found that death rate among them IWES
60 per cent every two days and reduction in population took pl :I”
by geometric progression  Neatly 97 per cent of A :ulxclfﬂm;) ‘:
before the tenth day and only the remaining three per cent of thet
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population bave ary chance of carrying on malania transmission
They calculated that the probable duration of life of the species was
two days and the average hie was onfy four days  Butin every
batch thete wete 1nvariably one or two specimens which wete much
I~nger lived than the rest  As this species s known to transmit all
three species of human plasmedia its density 1n any particulat area
st be very high to make 1ts three per cent (longlved) population
effective transmitter

BITING TIME

Clyde (1931) reported from his observation in UP Terat
that the spectes bite human beings during day as wel! as night time
Kingand Roshnan (1929) recorded similar observation in Nellote
Dhstrict (Madras) but subseguent workers elsewhese bave not been
able to conflrm these findings  Sentor Whate (1938} 1n the Jeypore
Hill tracts found that the species bite mainly around midnight, very
lttle at 2303 m and none atallat 4~30am  Observations made
at Delhs by Afndi and Pun {1940) were 1n agreement with those
of Senior White  Fusther investigations made 10 Delly by Pal
{1945) showed that the greatest biting activity of the species took
place between 22+36 and ©1-00 houts gradually decreasing after
midnmght ‘

FLIGHT RANGE

Rustell ¢t af (1944) carned out 1atensive expeniments on the
determination of the flight range of the spectes 1n Madras state
They took 207 800 culicifacies specimens marked them with Mapd's
{1937} dusting technique and released them at a central spot
Recaptures Were made from 8a calf baited traps in concentric carcles
placed at varymg d The i of therr
was that the total flight range ot the species 1n Madras was between
1 52nd 175 foales

Earlier workers judged the flight range from their observations
on the distances traversed by the species from the breeding places
to the adult resting places  Stephens and Chustophers (1902)
believed the flight tange to be limited to only a quatter of a ple at
Nagpur At Misnmir near Lahore, however, Chnstophers (1904)
conctuded that the species was probably capable of covering dis~
tances of balf a mile or more duning later patt of malana season
Lindberg (1935) regarded the dispersal range in Hyderabad
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(Decean) to be 1,100 yards (five furlongs)  James (1993 at Mian-
mir found 1t restrcted to 6o yards (o 31 miles) only  Bose {1934)
at Birnagar (Bengal) and Mulligan and Baly (1936) at Quetta
(Pakistan) found the dispersal of the species not exceeding half a
mile  Afndiet al (1038) found an Kutch that adult A eularfacies
T d strctly fined to the d hbourhood of the
breeding places

Tosum up the findings of different workers 1t may be sad
that the flight range of the species 1s normally about half a mile but
may extend up to 1 75 miles when chmatic conditions are exception~
ally favourable Raghavan and Knshnan (1949) have given
evidence of passive transportation by country crafts of A culictfacies
over long distances along the Buckingham Canal in southern
India

ALTITUDE

Although A culicifacies 15 generally reputed to be a plams
species, 1t has been found to occur 1n some aseas at high altitudes
also  Davy (1912) found 1t to occur in Quetta area (Pakistan) at
alutudes between 53500 to below 6,500 feet  Graham (1912}
recorded 1t at 6,355 feet above sea level in Nainital  Mulligan and
Baily {1936) established that A culictfacies was one of the three
important vectors of malaria 1n Quetta areas at 5 000—6 oco feet
altitude  Jacob (1950) found that the species 1s able to transmit the
disease 10 Kashmur only up to an altitude of 4000 feet Clemeshaw
(1927) reports an out break of malaria due to this spectes at an
altatude of 3,000 ft 1n Travancore  The record of highest altitude
at which a single specimen of this spectes was caught 15 7,500 feet 11
Murree hills in Pzkistan (Gill 1923)  Afndi and Puri (1940)
reviewed data from southern India (Malabar and the Nilgins) to
show that at high altitude the species prevails for a shorter pertod
1n the pre-monsoon months 1n contrast to lower altitudes where 1t
occurs for a longer post monsoon period

For chalking out favourite haunts of the species one needs to
Jook for areas with moderate or scarce rainfall rather than altitudes
Tn a hill tract in Mysore State, Braoke Worth (1953) for bis studies
on the anopheline fauna selected three areas each baving an altwude
of 3,000 feet but with marked differences m annual ramnfall—223
83.19 and 48 23 inches With regard to A, culictfacres he found that
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the incidence of the species was extremely low 1n the high ranfail
area as compared to the intermediate and low rainfall areas

HIBERNATION AND AESTIVATION

Nesther of these two phenomena seem to occur 1n the life of

A culitfacies 10 any part of the platns of India Covell and Baily

(1930) believed that there 1s a period of aestivation 1a the life of this

species when the temperatures are above go°F  But no suppotting

evidence has been found by any subscquent workers In Delh

area which has very hot summer and severe cold winter months this

specxzs remains active throughout the year though there are marked

m thewr lence  This1s based on the

following observations made by us under field conditions extending
aver a number of years —

(a) All stages of this species miz  larvee pupz and adults are
found throughout the year
{b) Blood fed females are available all through the year

{c) Ovanesn all stages of development are observed 1n wild
caught spectmens 1n all the months

(d) Ouiposition has been obtammed from the wild caught
gravid females 1n the hottest as well as the coldest months
of the year

Venkat Rao (1947) showed thatin A cultcifactes there exist a
af d m which some females
requited more than one blood meal for the maturation of the ovartes

h

I* 1s well known that certam percentage of mosquitoes may
not be able to tale a complete blood meal duning the course of 4
single might and another blood meal 15 taken the following might to
mature their ovaries  This has been fully discussed by Jaswant
Singh and Mohan (1951)

ANTHROPOPHILIC INDEX

Results of large number of precipitin tests on blood samples
from A culicifacies collected from the different parts of the country
have been recorded by various workers  These are presented 1n
Table I It will be seen that the species 13 predominantly
zoophihic
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Tasre I
Anthropophihc index
Anthro-
pgphxhc
index
ent" | Remarks
ep demic
Imvestigator Place Year |3 of non
Zel B epdeme
o =2 ag year
z I
w é! - °‘= o
¥
1 | Afudt Jaswant Singh [ Delht 1937 {18 N ep*
and Harwant Singh
(1939)
2 do Delhu 1938 [ 903 N epe
3 | Barberand Rice (1938) | Poona 1937 | 19 Nep
4 | Covell and Jaswant | Delht 1942 }223 | 20 | Epe
S ngh (1943)
5 [MIi Repon(xg,,B 50} | Tarumalapur [1946 and] 24 | Nep
Hyd)enbad 48
6 do Bellary 1948 e | Nep
{Madras)
7 do Mun rabad | 1949 50 32 | Nep
{Madras)
8 do Hald;;l;m 1950 50 | Nep
[{¢]
9 do Chieng Ma1 | 1949 st7 | Nep
{Thailand)
10 | Ramsay Chznd(a and | Assam and 1926 (473 [290 | Nep
Lamprell { N Bengal
b Rus:elland]awb(xgm) Ennor:(Nzl 1937 38800 {330 | Nep
lore Coastal
12 | Russell Menonand Rao Pattukoltar 193738| 025 [ 015 | Nep
(1938
13 | Russell and Rao (1942) -do 1942 [ 25 |1z0| Nep
14 | Sentor Wi tte (ro47) East and Cen| 1947 (129 N ep
tral India
{Stnghbhum
Chatikona
Rorea and
Vizagapatam N
15 | Senior White and Venkas| Vizagapatam | 1943 [1o % °
Rao (1
w 20 (1933) Jeypore hills | 1938 43 |25 9 Nep

* Ep=Epidemc
N ep =Non epidemic.
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MAXILLARY INDEX

Roubaud (1921) was the original propounder of the theory
regarding the blood preferences of anophelines 1n relation to the
number of teeth present on their mawillz  The cntical figure foc
the masillary ;ndex {average number of teeth on the mavlla) was
fixed by him at 14 He claimed that an index of 14 orlesswas
assoctated with human blood prefetence and 14 and above mdica
tive of cattle blood f C derabl y exsts
regarding this elaim and literature on the subject has been well
reviewed by Semor White (1937a) Maxllary index of A cubicifacres
was found by him to be 12 g for the country as a whole  Of the
200 maville examined the number of maxillz 1n different detention

groups were as follows —

Dentation Number of maxillz

below 10 °
10 1

1t 16

12 6o

13 67

4 43

15 13

above 15 o

Similatly Pal (1945 b) found the index at Delln to be 126
Certain amount of bilateral asymmetry does oceur 1n the number
of teeth on the pair of maxillz of the individual mosquito
specimens

A comparison of the maxillary index of culicifacies from
human baited traps and buffalo barted traps at Vizagapatam showed
no significant difference In the former 1t was 13 2 and latter 13 3
(Sentor White and Rao, 1943) Furthermore Russel and Rao
(1942) found that there was no differeace m the maxillary indices
of this species caught from malarious (Pattukottar) and non-
malarious (Tanjore Delta) areas In the former, the index was 11 79
andin the latter 11 87

Altbough paucidentate, (tndex less than 14) we know that the
species 33 predommantly zoophilic which 18 at vanance with
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Roubaud’s theory Morever there are many species 1n Inda
which are confirmed non-vectors but show paucidentate condttion

Therefore the use of this index seems to be of very little ad,

at any rate 1n the case of 4 hictfe either 1n d its
food preference or 1ts vectorsal status
The made by Roubaud T ff and Gaschen

(1933) that the working out of maxillary index 15 more valuable
than actual discovery of infections among mosquitoes cannot be
accepted at least so far as A, culirifacies 1s concerned

RELATION TO MALARIA

Chnistophers (1933) was of opinion that A culicyfze es could
be regarded as an important vector wherever it was found It was,
however, disapproved by Semor Whate (1937, 38) who showed that
1t did not take any part in malana transmission in the highly
endemic regtons of Jeypore Hill tracts and other large areas of Eust
Central India wheret 15 found in large numbers The species
occurs throughout the country but its vectorial capacity 1s limited
to Peninsular and North Western India In Ceylon this 1s the
only vector It 1s to be found 1n small numbers 1 Burma Tha
land, Indo China and South China and 15 not considered to be a
vector of any importance A single specimen with cocysts 1 the
gut found at Lakats, Yunan led to its being considered as suspected
vector 1n that area (Gaschen 1931) In the westerly direcuon the
vectorsal capacity of the species extends through Afghanistan to
perhaps Muscat in Arabra It 1s also suspected as a catrier 10 the
vicimty of Aden {Covell, 1931)

The species 1s notortous as the causative agent of regtonal
malarz epidermics of great seventy and wide rage It 1s well
known as an effictent vector of P vivaxand P faliesparum infections
0 nature  Siddons (1944) proved by experimental transmissions
that the species can be efficient carrier of P malanae mfecttons
as well The work of Russel Menon and Rao at Pattukottal
(1938) also shows that the species 1s responsible for the transmission
of all three species of plasmodia

Sentor White (1940) has reviewed the dissection records of
this species 1n different Jocalities 10 India to show the distribution
of 1ts vectorial status Subsequently more areas have been sur-
veyed and information available 15 presented below 1n a tabular
form
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OTHER INFECTIONS

Twospeamensof 4 culicrfactes wnfected with both mataria and
flanal ;nfections have been recorded by Russell and Jacob (1939 a)
wEnaote  There being no flari in Eanore 1t was presumed that
labouters (woodcutters) from Srs Harshotta Istands worktngtempora
uly at Ennote supphied the source of wafection  In Nasitk District of
Bombay State, Viswanathan {1950} found 1n a salivary glands prepa~
ration of A culirfacies a trypanosome i all stages of development
along wath plasmodial sporozontes,  He gave the name Trypanosoma
k ot N de nfe 10 farve as well as adults of
culiofactes 1n Ceylon have been recorded by Carter Rustomjee and
Sasavanamuitu (1927)  Sinton (1917) fuund encysted tyematodes in
adult A exberfacies at Rohat (Pacistan)  This trematode has been
named Agamodistomum sintom Van Thiely 1922 Worms belanging
tothe genus Mermis (Mermithidaz) entangled 1n the malpichiin
tbulesof A culicifacres females bave heen recorded by Stntan {1932)
Mero tetmed * ot b ta the
farly Chytndin of fungs have alsa been recorded in fresh salivary
gand preparations A culicifacies {Bhata et al , 1953)

CONTROL

The breeding of thus species has been very successfully control~
led by naturabistic methods bike the herbage cover mn Madras
(Russelt and Jacob, 1939 @, Russell and Kmpe 1942) With the
pyrethtam spray killing, excellent contro) was obtamed aganst A
el afecres 1 Deltn {Covelt 19417 and m Sonth Indva {Russel] snd
Koipe 3939, 1940, 1941)  The Tesults obtaned were patticulasly
good because 1his specses spends most of 1ts time doring its gona=
tropbic eyele idoors and 13 thus smenable to indoor spraying
Though effective control was obtained by space-sprayg once a
week, yet Covelf and Jaswant Smgh (1g43) ate of opimson that dusing
anepiderme whete A cuhefacies ss the vector, dasly spraying will
have to be resarted 10, to get very effective results  Sentor White
(1945) compaung the rebauve efbcary of DUT sad pyrethrum
ganst A pubcyfacies came to the conclusion that DDT residual
spray brought down 81 per cent reduction iz A culiafactes while
Dyretheurs space ypray tence 3 week could bueg at down to only
49per cent With the country-side use of tesidusl wsecticdes
A culierfacies has heen contralled ta a very great extents and malana
1 suck treated areas will soon cease to be a major public bealth
pichlem (Rao, 1948 , Viswanathan, 1950 , Jawant Stngh es.01 , 1958)




136

Vectors of Malana n India

REFERENCES

Afnd, M R, Mapd 5 A (1938)
and Jaswant Singh

Afpds M K Jaswnnt {1938)
Singh and Harwant Singh
Afnd,M K Mapd, SA  (1940)
and Shah, 1 A
Afndt M K and Pun IM  {1940)
Abup, 5. D {1534)
Aryaratnam, V (1955)
AyanM K R (1925)
Tdem (1927)
Baly J D (1029)

Barber, M A and Rice, J B
Bates M
Bhatia, M L

1928)
{1910}
{1955)

Bhatia ML Koshnan (1953)
Kk S, Mammen M L and
Ramaknishnan, 8 P

Boses K, (1934}

Brieschife, R (1935}

Brocke Worth, C {1943)

Carter H F (1930)

Carter H F, Rustomjee (1927}

K [ and Sacvanamutte
ET

Carter HF and Jacocks, W (1929)
Chalam, B § (1924)
Chrstophers § R (r904)

Idem {3916}
Idem (1924)
Tdem {1933}
Clerpeshaw, W W (1927}
Tdem (1939
Clyde D {193t}
Cornwall J W (1502}
Covel , G (1931)
1dem {1939)
Jdem {194%)
Covell, G and Bally, ] D (1929)
Idem {1930}
Idem, (1932)
Idem (1034)

J Mal Inst Ind,l,p 18~
J Mal Inst Ind,2 p 219
J Mal Inst Ind,3,p 23

Id,3,p x

Malara Survey of Aymer Job Press Ajmer

Ind J Mal 9,p 545

Unpublished work reported by Semor
White, 1940

Ihd

Unpublished work reported by Sensor
White 1940

J Mal Inst Ind 2 p 37

Am [ Trop,Med, 20 p 569

Bull Nat Soc Ind Mal Mosq Disy 3
p 170

Iad 1,p 178

Rec Mal Surv Ind 2 p 37

Govt Press, Ceylon

Ind j Mal,7,p 125

Cey Sat Med , 2 p 171

Ceylon Sessional paper No VII p 35

CeylonJ St Med,2 p 79

Ind Med Gaz,5% p 431

Ses Mem Govt Ind 9 Central Govt Presy
Calcutta

Ind | Med Res,3,p 463

Ibid 12 219

The Faunaof British Ind a Cul adae Taslor
and Franas London

Ear Eastern Assn Trop Med Trans of the
7th Congress Brit Ind 2,p 599

Cey J Sc D,3 p 857

Rec Mal Sur Ind,2,p 49

Trans South Ind Bre Med Assoc, 20 oo

Rec Mal Surv Ind,2,p 1

J Ml Inst Ind,2,p 1

Ihd,4,p t

Rec Mal Sury Ind,3p 310

Ibd 1, p 549

Ihd 3 p 279

Ind, 4, p 191



XA culicifacies Gales 1901 137

ot G Bl S D sd Go3s) R Ml Su [nd 59 13t
prasad V

-t G nd faswant ¢ PS8 (gs3) ] Mat Instt Ind 5257
 ell and Mull €30 uw Lo bd 1P 195

acd Af 4 MK
vy ML gta) paludsm 5 P 3
eBurea B (os6) J Mot Tt Ind 62 265
11953} Amer ] Trop \fed H>E 2 p 683

Freande B S (1) OOV Press Bu ™
Len (1930) b

Hem o I
Gale N Maurg (1928) 1bd

Garewal R 8 o) Rec Mal Su7¥ md 19 267
Gachen B (1939 Bull So¢ Md Ch inde hne 12 p 873
cunCA (1916) ind J Med Res 4 p19°

Tiem g 1bd 1 p st
Gl G M { oo Entomol Month Mag 2 12 p 197
Goham J D G99 Govt Press Un ted Pro¥ nces

Yem (rgra) Fatud s se

Tem (1) G Press Unted Prav nces
Hau EP dMayd sA (o3 Rec Mal ST Ind TP1
Hodgson E © Ggrs 19 Ind 7 MdRe 2 p 4O

Horoe J B o Gt T Madras

g MOT o3 Re Mat Surv Ind ap6t

wb VP ooy Ind J Mal 4 0 25

anessS P (1009 o Gt Ind € Central Govt

3
press Co Y ta
Jamas 5 B and Gunssckara {1919 Gt Press CV°°

Jamer 5 B and L 100 gy A orogreph of 1 Anaphel ne OS50
we ot A Phda v 7 “racker S90F & Co
Calcotta

R ‘ﬂﬂ;Sn:\\ andJacoh 9 7 Mat fnstt 3 p 267
““B";““Kn\\lndﬂeh:n (aosny Ind J Mal 59513
Jissat § ogh BB wa Gest B 5p 23
Sharma M 1
hog HH and hasha® (1929) Report A8 ns ue FreY Med GundY
. xRV Ty 1928 P
dem (1920} 5P 3 o K 0 Tt 1q27 1928
Kogand Iyzr Ggu Sur Rep Bon, st oy 192 2
auboao K 8 g Bull et o 1md Ma Mot D 3
P9 Wwh
Rauhnan KV oy Unne ed RepoRted by Semor VR
(“)-\Q)
-:mm\\ BA (1939 R Mot Suv 17 623
ndberg. a9 4 50 5
M T T gt Aner! Tq Iua o N per s Mt
7 Lond Sclool IhE Trop Med P 209



138

Mascdg‘nnd G and Mayd  (1931)
Majd § A (1937)
MaaraInstt ofInda (1959)
Mathew M I (19,9)
Mayne B (o37)
Idem (1930)
Mehta D R (939
Mhaskar K S (1915)
MuBlag]a;x JHDW and (1936)
N o 8K and Khan (937)
Nurs ag D Rao B A (1939)

and weet W C
Pal R (1943)
Idem (1945)
Taem (1845a)
Idem {1945b)
Pal R and Sharma MID (1952)
Perry E L (r919)
Rafi 8 M (1955)
Raghavan NG $ and (1949)
rshnas K §
Ra]endram S AbdulCader (mso)
and V sval n
Ramsay G C (1937)
Idem {1938}
Ramssy G C  Chandra (1936)
SM and Lamprell B
Ramsay G C and Mac  (5936)
nald G

Rzo BA {948
Rao Kk R (1929)
Rac R B and Ramoo R (1942)
Rao V § (3915)
Rao Venka V (2947)
Ras TS (1912}
Idem (1913)
Roubsud A (1921)
Roubaud A Tounanoff (1933}

C and Gasched H
Roy DN and Bswas TC (1942)

Russell P E and Jacob (1939a)
A4

Idem { 939b)

1dem (1939¢)

Russell P F and kn pe F W (1939}

1dem (1940)

Vectors of Malana 11 Inaia

Rec Mal Surv Ind 2 p 43

Ibd 7 p 105

Report of Malarn Inst oflnda 1948 50
Govt of Ind a Press

J Mal Inst Ind 2 p 10

IdJ Med Re 15 p 1073

Ihd 17 p1rg

Mal Surv Ind 4 p g1

Unpubl hed Reported by Sen or Wh e 1930

Re¢c Mal Surv Ind 6 p 289

Bd Ty s
Hd 4 ag3

7 Mal nstt Ind 5 p 77
Bd 6pay

bd 6p s

Bd 6p 2y

Ind J Mal 6 p 281

Ind J Med Res 2 p 456
Pak'] Hith S p 146
Indj Mal 3p g

Natu ¢ 166 p 456

Unpub! shed Reported by Sen or Wh e 1940
Ibd
Rec Mal Surv Ind 6 p 49

Ind Med Ga ™ p 6g9
Ind J Mal 2 p 285

Govt Pre s Mad as

J Mal Inst Ind 4 p 409
Govt Press Madras

Ind ] Mal 1p.a3

Go t Press Madras

Iod

Bull Soc Path Exot 14 p 577
Bd 16 p 282

J Mal mstt Ind 4 p 417
Ibd 2 pixn

Ibd 2and3 p 293
Ibd 2and3 p 273
I5d 2 p 229
bd 3psat



X. A culiafacies, Giles, 1901 130

em (1941
Hem G947
Ruse! PF hope F W (mu)

Rao, TR and Putnam,
Rusell PF, Menon (1938)

MN.and Rao, | R

Ru zdl PF andRao, TR (1940}
2dem {1949}
Men (19409
Liem (i941)
YGen (1952)
Tdem (19422}
Hen (1942b)
Idem (1942c)
Jdem {1942d)
fenor White R A {1937
Hen (19373)
Hem {1938}
Hen (1940)
Hem (1945}
Hm (1945)
Tdem (19462)
Hen (1947)
Smm\\hu RA and (1938)
Scn

R?‘z?v‘: nQ‘ tGhmh (1915)
g

"{Ia:n‘é:hm'k A and {1943}
Slama, M1D {19c3)
Sillons LB (1944}
Sinton, J A (1917}
Ldems (1925}
J:hm (1932)

e

e 8, O
Sbramanian R and Sen (1950

Gupta R k.
Swdaresan B 1939)
Sueet W G, (1937)
Seect WC.and Rao, BA  te93n)
Thomson R C. M (1540
Thehald T v (1903)
Timbe ¢ ¥ G (1955)
\anThel G922}
Serbsaraman & v, (1929)

Ind .4 p ass
15d,4 p 615
J Exp Zool 9T, pi 135

1 Mal Instt Indy1,p 285

o, 3,p 1,3

1d,3,p 543

Ihd, 4, p 263

Amer ] Trop Med, 22 p 535
] Exp, Zodl 91,p 303

Bull Ent Res,3%,p 341
Amer J Trop Med, 22 p q17
bd,p 535

Tod, p 517

Rec Mal Sury Ind, T, p 47.
Ibid ,7,p 155

J Mal Insit Ind\ 1, p 139
Ihd,3 p 363

15d,, 6, p 83

Ind 6, p 433

bed, 6 p 469

Ind J Mal,1 p tux

7 Mal Instt In2,1 p 169

18d,6 p 129

7 Ma! Ind, 5,p 187

Bull Nat Sec Ind Mal Aorg Dis, 3.
68

7 Mal Inst Ind S,p 375

Ind J Med Rs §,p 105

AMs Malana Instt of Indta

Rec Mal Sury Ind,3 p 347

Report Mal Commuttee, Royal dociery Setes
7, p 15 Harnson & Sona Lts

Ind ] Mol 40 oF

Unpubl shed Reported by Sumor White
1949

Ree Mal Surv Ind, Top 204

Tbid ,2,p 6 6 s ,

J Mal Inst Ind 3 p 3%

hadae of the Karkd

A gy bt Cronmwell Koud,
London

Rec Mal Surt Inds % pous

Tylctr Verg Lk Cranesk, 7 p 305

Sup= Teport hiny, Imitt Cuindy (1927 234



140 Vectors of Malana n Inda

Venkat Rao V (1947) Ind J Mal,1 p 43

Viswanathan, D k (1936) Rec Mal Surv [nd,6 p 256

Viswanathan, D K (1941) Rep Assocn Med Res Soc Shillong (1931
1941,

Idem (1950) Malatra in Bombay State Chutrashala Pres

1026 Sadashivpet, Feona
Viswanathan, D K and {1950) J, Ind Mal 4,p 487,
Gadre, 8.

Young T C andMapd {1930} Res Mal Surv Ind, 1, p 391
S A



DISSECTION RECORDS OF WILD CAUGHT
ANOPHELINE MOSQUITOES OTHER THAN
THE REPUTED VECTORS OF MALARIA
BY
B L. WarraL
{Malana Institute of India, Delht)

May 10, 1957}

ArarT from the principal vectors of malaria 1n different parts
of the country, one often needs to know the malana transmission
potentialities of other anophelines encountered 1n 2 given area In
order to fulfil this requirement all avalable information on the
dissection results of anophelines by different workers 15 summansed
specteswise In a tabular form hereunder Data shown 1n the Table
ate according to periods of study Figures for earlter pertods are
at the top followed by those of later in a descending order

Legends:  GGut
Gl—Gland
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Vectors of Malana i India
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