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FOREWORD

Tur Authors of this «mdl book are quie
correct when they point out the need of a work
such as they now put fomard  Many books st
teee denl with Antt malaral weork and many with
arous aspects of the stds of milana entowo
fogical prrastologieal chmeal ete There are
alyo general tieatines on malina and works on the
practical prevention of the dsease  But the fact
remums that o 15 very difficult to recommeng »
baok to 1 begunner that wil gne him the simple
facts and mterests he reqmres to help him an
commentng actual prictical work in the field
The Authors hnve met the needs of a snager
of 3 ter garden or a mularnl wnspector or the
N C O i charge of 2 regimeattd sinutary squad
from their awp expenience of nhat such persons
reguire  They g 1 bried but sufficient account
of the nature of malanial fever of the chet facts
2bout mosquitoes and of how to find and identily
mosquitoes £spectally the Indian species of malana
crrriers They end with =r account i some
detal of practic steps 10 be tiken i presention
ind i the form of 1ppendices, with some helpfol
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notes on the technique connected with mounting
and preserving specimens  The Authors them
selves hive had the practical experience that
qualifies them to write helpfully for others and I
wish their venture every success

§ R CHRISTOPHERS



PREFACE

THE Authors 1n placing before the pubhic
this volume do so with the hope of filling 1 need
long felt by the worker and mspector in anti
malaral measures  There are at present many
tomes 1nd excellent treatises dealing exhaustively
with the hie habits and elimunation of mosquitoes
and many are written with 1 view to controlhing
yellow fever and malaria—but the man who 1s
too busy in other walks of life or who has not
the necessary technical education cannot readily
acquire the knowledge contuned in these We
have only introduced such techmical names and
phrasing 1n this book 1s 1re absolutely necessary
for the proper understanding of the subject and
where these are introduced they are explamed as
simply as possible It has been our expenence
that the manager of a ter garden or a milarnt
mspector or the N C O 1n charge of 1 sanutary
squad dealing with anti malanal measures begims
to tahe 1 much keener interest in his work when
he has 1cquired some knowledge of the habits
and hfe history of the mosquito nd st 1s primarily
in the hope of quickening their interest that this
work has been undertaken



X PREFACE

Our thanks are due to Lt Colonel S R Chns
tophers FS CIE OBE IMS for h
Kindness in reading through our work and fo
his many  valuable criticisms  and also for
allowing us to nclude a Synoptic Thable of
Indian  4dwopheln:  1ssued by the Central
Malanal Burew kaswl 1926 We also desire
to thank all who by therr kind cniticism have en
courged us 1n our work

BowBay

JAC
June 1926 BSC



CONTENTS
FOREWORD
PREFACF

CHAPTER 1
Tur TACTORS CAUSING MALARIA

CHAPTER 1l
Lirr History OF MOSQUITOFS (Fco
Pura)

CHAPTER 11
Tue AptrT MOSQUITO OR IMACO

CHAPTTR 1N
1ue Hanrre oF MOSQUITOFS

CHAPTER V
TrEveNIF WORK

APECADINI S

INDEN

LARVA

PacE

ATt}

38

57

85






LI1ST OF ILLUSTRATIONS

Pace
DrcrIPTIVE DIAGRAM Anorneres {Female) Frontisprece

LieF Cretr or e Prasmonon (Opposite) b
Tue Ovudr ox Eoc 14
PatsaTF HAts 16
Tue LaRvA 17

POSITION OF LARVAE OF ANOPOIELIN AND LLLFY

™~ Warrg 18
Tur Pura 24
VARIFTIFS OF SCALES )
HeAp SCALPs Ot STFGOMVIA AND LLLEYX 33
SEA SHORF AT CoLABA Bodmav (Oppesite) 47
MARINE GROWTH 4
SrARCING A Poow FOR 1 amvae (59
Seravine Poots 61
A Wrip witn Cexevt Dow 73

A Mosguito Troor TANR 71






CHAPTLR 1
THE FACTORS CAULSINC MALARIA

MALAKIA 15 probably the commonest discase
that affects mankind and its rivages are spread
over large 1rets of the world Noris it 1
disease of comparitnely recent ongm for we
find reference to it 1 the writings of ancient
Greece and Rome It vavages are evidenced
m mamfold directions  for not only docs it
n certun nstances destrov the Tife of the
indnidunl nfected but also from ats chrome
nature, debalitates him and thus exposes the un
fortunate person to 1ttachs of other and more
grue disorders  In Indin alone 1t 1s estimated
that <ome four millions of people 1pply nnunlly
for treatment for maliria and there must be many
others who do not apply for treatment  If we
add to that number the vast army of suffcrers
outside Indin we shall hne <ome idev of the
widespread character of this disen

The economic and financial Joss which Arises
s 1 direct and indirect vesult of the ravages of
maliria can only be touched upon here  Many a
day 5 I1bour 1s lost to those who emplov people
suffering from this disease  and the employecs
them«ehves broken i health by recurning bouts
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of fever cannot be productive of the same amount
or of s high a quality of work whether mental or
physical as those who labour under conditions
where malinia does not exist | he financral loss
to the employers of Inbour in malarious districts
1s immense and 1n this direction one cannot but
refer the reader to the literature dealing with the
subject If this disense were to be elimmnated
the gam to mankind from a humanitanin and
economic stand point would be beyond behef and
1t 15 from this point of view that we must approach
the subject We must first of all try to discover
what essential factors are necessary to bring
About this disease and where 1if possible we can
break 1n upon and destroy either all or one of
these factors

As we have ~lready mentioned this disexse 15
to be found described by the ancient Greeh wnd
Latin authors nd even 1n those days the relation
ship between marshes and malina was recognized
In the middle ages a type of moscuito net was
mentioned as the only safeguard to those Iiving
near marshes This would seem to correlate
for the first time fever marshes and nsects

The next real advance made was the discovery
of Cinchona By its use the physicians n the
eighteenth century were able to distinguish
between those fevers which rexcted to Cinchona
{1e qumine) and those thxt did not
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The name Malana 15 derived from two ltalin
words ‘Mal and Amnn meamng bad air and
refers to the belief that the cause of the condition
was due to bad air ansing from marshes

It was not however until 1881 that the really
first big step was made 1 solving the problem of
s cause In that year the Irench surgeon
Laveran demonstrated that malaria was caused
by a minute organism which attacked the blood
corpuscles  Following, quickly upon th  the
workers 1n the subject estiblished three distinet
orgamsms which caused three distinct types
of fever  These orgamsms are called Fln
modtum 1 a2 which cises Bemgn tertinn mt
fara Plasmoduum malariae which cuses Quartin
mara  and  Plasmodum  faleparum  which
cwses Malignint malana

Up to this time we had two of the thre great
factors 1n this diserse—namely min 1nd the
phsmodiom  Haung found that malara was
cwsed by these organisms 1t yet remained to be
discovered how man became fected or how the
disease spread  and 1t was not until 1898 that Sir
Ronald Ross working on 1 hy pothesis put forward
by Mtnson demonstrated that mosquitoes «pread
the diserse from man to man by their bites
Thus were the three great (actors mn Mosquito
and plasmodium linked up nd the cause and
method of spread of malaria defintels seme}‘i
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In order that we may arrive at 1 full com
prehension of the manner m which these
three factors are linked together we must hate
a lnowledge of how the plasmodia infect
man

We will consider the plasmodium 1tself  This
organism comes very low 1n the scale of antmal
Iife seeing that 1t consists of one cell only It
s classed as a Protocoon  The substance
called protoplasm of which this umcellular organ
1sm 15 composed has the same properties as
have cells used 1n bullding up the tissues of higher
ammals  that 1s to say 1t grows moves assimt
lates food and reproduces itself by division  Its
reproduction 1s of two distinct types asexual
and sexal It also has the power of producing
a variety of chemical substances The orgiusm
itself has 1 nucleus situated 1n the midst of pro
toplasm swhich 1s the substance of whichall ning
cells are bullt up  In 1ts methods of living 1t 15
entirely parasitical that1s to say 1t lives at the
expense of other anmimals which are called its

hosts  Like all true parisites the plasmodia
must 1dapt themselves to hfe inside their hosts
and must be able m order that the species may
be muntamed to pass from one host to nother
Thus 1t 15 that the parisites grow and multiply
by one method in one host—man—and by another
method 1n mosquitoes  The former 1s called the
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asexual life ind the Jatter the <exual hife of the
phsmodium

The three species of malarral parasites the
Plasmodim 1 av Plasy odiune walarae  and
Pla modnon faluparin produce three distinet
tipes of fever These are the Bemgn tertian
Quartn wnd Mahignant fevers  The sexual forms
of the Quartin and Benugn tertian—that 1s to say
those 1dapted for hfe and development in the
mosguito—are spherical  This form of Malignant
tertinn s crescentic There are male and fermle
spherical forms and male and female crescentic
forms  The male <exuil forms fertihize the
femnle forms 1n the stomach of the mosquito and
1 cyst 15 produced which imbeds atself in the wall
of the stomach  Many such cyvsts are formed
there ind these appear in the walls of the stomach
hkhe ru s an 1 prdding The contents of the
cvste divide and form spores or young parasites
which find their w1y to the sinary glands of
the mo quito  This whole process which con
stitute  the sexunl hfe of the parasite in the
mosquite tihes 1bout tuelve davs to complete
Now the mosquito s reads to infect the other host
Suppo e she bites  then down the probosars or
mouth parts travel these spores in the <abna of
the mo quito and become injected 1nto the min <
blood stream  The spores then attach themselves
each to 1 rud blood corpuscle enter and proceed
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forthwith to destroy it by feeding on 1t The
question of mnle and femnle forms does not here
arise as we are now dealing with the asexual lif. of
the plasmadium  The plasmodium becomes bigger
and Ingger nside the red blood corpuscle untl
the time comes for 1t to divide  The division goes
on until instead of one parasite in the cell we get
many which form clumps of spores known as
rosettes  This 1s now the full ripe stage of the
parasite  The red cell bursts and all these tiny
spores tre thrown free into the blood stream only
agan to enter fresh red cells wnd there begin once
more the non sexual cycle  Now this cycle takes
time to complete  In some cases seventy two
hours are required Then the fever 1s called
Quartan  1n other c1ses forty eight hours suffice
for the completion of the cycle and then the
diserse 1s called Tertian and 1gun the cycle
may tike place m under forty eight hours as 1s
the case in Mabgnant or Subterhan fever
1t 15 these forms that cause the symptoms of
the disease  The mun symptom 1s fever which
occurs when the rosettes burst and the parisites
are thrown imto the blood stream  Therefore the
fever will recur every third day with Quartan
malarn and every second day or every day n the
Tertian fevers

In process of time certam of the non sexual
elements of the plasmodium become differentiat
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ed and form themselves while 1n the red corpus
cles of the blood into spherical shipes called
spheres and into crescentic shapes There are
male and female spheres and male and female
crescents according as the type 1> Quartan or
Berugn tertian in the former cise or Malignant
tertian in the Jatter case  These forms do not cause
any symptoms of fever and their <ole function 15
to await the arenval of 1 certain mosquito which
sucks them up 1nto her stomnch when she bites the
indiidua] and there they commence once agam
the sexual cvcle s has alredy been described

It 15 1 this manner that the complete cycle
which causes the disense known as malarn
carnies on between the mosquito and man  With
this knowJedge gruned 1t remuns for us to discorer
mwhit w1y we can endeavour to erwaicate this
direve  We could for example turn our atten
tion to the wdividual nd by giving approprate
drugs kil out the plasmodium m his blood
Unfortunately we have no known drugs on which
we cn depend for this 1denl method of dealing
with the diserse  Quinine which is excellent for
controlling the disetse has no iction on the sexual
forms in the blood We are therefore forced to
look to the other host 1nd find out if 1t can be
dealt with in such 1 way that we cn break the
bk in the chain necessary for the development
of the plsmodium
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Where there are no mosquitoes there 1s no
malaria Hence if malaria exists ma locality and
you want to free that locality of malirn you must
free 1t of mosquitoes Thus our attention 1s
directed to that enemy of mankind the mosquito
which must be dealt with ngorously firmly and
unscrupulously  If one nation goes to war with
another 1t strives to gamn 1s complete a know
ledge 1s 1t can of that other nation and of the
armies of that nation 1n order that it may
supply sufficient fighting forces to overcome them
And so 1 1s with the mosquitoes  If we are
going to eradicate and extermmnite the mosquito
we must get to know which mosquitoes carry the
disease what their habits and environments ire
what 1s the life history of these mosquitoes and at
what stage in the hife history are they most easily
attached

Other diseases have also been triced to the e
pests two of which are very mmportant namely
yellow fever and fillariasis  while the common
fever called dengue 1s 1lso Lnown to be spread
by mosquitoes
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THE LIFF HISTORY OF WOSQUITOFS
TCC LARVA AND PLPA

BEFORE g the study of mosquitoes st
» as well that we should have some hnowledge
of how these crettures are claswified m the animal
hingdom 2nd by what means we can disinguish
them from other 1nimals At the same tme we
can acquire a rough sorking hnowledge of hou
mosquitoes are diuided up nto their several
famihies tribes proups and so on

The mosquito belongs to the class of wmmals
catted Innic iy which are disttngushed from all
others by certun well defined charactenstics
Within this class certan groups of animals
<how common features  Lach of these groups
15 ealled an ORDFR - Mosquitoes belong to the
order D33 1554 (flies) and therr particular pecs
hanties are that they hne one pur of mem
brinous wings  that their mouth parts are so
constructed as to enable them to such  and that
durmg their exietence they pass from an egg to o
Trsal then to 1 pupd and then to an adule

stige or m other words exhibit complete
metamorphoss
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Again the order of Diptera 15 divided up mto
a large number of FAMILIES according to dissimi
lanties between certamn of the creatures formmg
the order  The family that includes all mosquitoes
ts called the Culictdee and 1t 1s characterized
by 1ts members all having long slender antennze
consisting of never less than six portions or
segments having a definite arrangement of the
vemns on the wimngs and carrying scales oa
their wings This family 15 too large to treat
as a whole so 1t has to be divided up into lesser
famihes called sub famihes  One sub family has
long mouth parts often neatly as long s the body
They bite and the vemns on therr wings carry
sciles  This subfamuly s called the Gulicznae
and 1n 1t are mcluded 2!l the mosquitoes with
which we have to deal

The Crlicinae are divided mnto four TRIBES-—
the Culicon: the Anophelin: the dlegalorhn and
the Sabethinz  The Megalorhin: or Elephant
mosquitoes are large msects with long tapering
mouth parts bent downwards and backwards ke a
hook and the Sabet/uznz are forest hving mosqui
toes which are regarded as harmless to man but
the Anopkelin: mnclude all those which carry
malaria and the Culiconzz all those which carry
filanasts yellow fever, and dengue *

The last two tribes are once agam dvided up
into GENERA  The Anophelnt have only one
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genus Anoplelis while the Cufeerne hase at least
two—the Coder amd lafes The latter ts usunlly
spohen of 1s the genus Shgomym

Very fine chiractersstics common to groups
witlun the genera finally cavse them to he
sepirited up into different species  These charac
teristics are alwavs constant 1n the members of
the «ime species  Take for example the genus
Inopheles  There are <ome hundred and tuenty
drfferent species recognized  In the stme ixshion
there 31¢ numerous species of the genera Cwlexr
and Sty omyse wnd among them Attention must be
pud to the Culex fair ar wheh spreads the
infection of filinasts and dengue feser and to the
Stegomye fasceata which transmits vellow fever

Wtk regrard 1o the nming of 1 mosquno there
are certamn prinaples jard down  Eirst of all the
pame most be in 1 atin and of the words used e
not Latm they mut be hunmed  Secondly
there are alnays two parts to the name of 1
mosquito the nime of the genus felloned by the
name of the spectes  Thirdhy Al nimes must
be written 1o wtlics wd the pwme of the genus
begms with 1 capitst while the nwme of the
specics commences with 1 small letter It 15 1n
this way that the mames of the mosqurtoes
Tropleles teplenst wnd the Luler faligans are
wened 2t These wre wwally wntten shortly
thus— T ephense ind C fategans

Pl
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differ 1n shape and position 1n different spectes
of Anophelin: and 1t 15 possible to some extent to
distinguish betneen the eggs of some species of
Anophelr by such charactenstics  The egg
or ovum stage usually lasts from two to four
days but may be a little less or a httle more 1n
different species and at different temperatures
and then they hatch ocut nto small wnggling
animals ciiled Larvt

The Larva —The larvie of mosquitoes are
well known objects  They conuist of a head
thorax or chest and an abdomen  The charac
ters of the abdomen <re iery important n
that they guee the readiest means of distinguish
ing between the man groups The abdomen
consists of mmne segments The trst seven
segments are very much abke The eghth
seg,ment carries the external openings {stigmata)
of the respiratory tubes which <erve to
supply oxygen to the tissues of the lana In
Al dwophelsn the larval respiratory tubes open
directly upon the upper surface of the eighth
segment  The respiratory tubes of the Iirva of the
genera Cul v and Stegomyia do not open direct)y
upon the exghth segment but are prolonged from
1t into a projection which 1s hnown as the syphon
tube  Theab ence of a syphon tube 1s charcter
wstic of the larvy of the dwophelir  The length
and charcter of the syphan tube ts of wmpor
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differ 1n shape and posstion 1n different species
of Auophetin: and 1t 1s possible to some extent to
distinguish between the eggs of some species of
Anophelnt by such charactenstics  The egg
or ovum stage usually lasts from two to four
days but mav be a hittle less or a httle more n
different species and at different temperatures
and then they hatch out into small wrigglng
amimals called Larvae

The Larva —The larve of mosquitoes are
well known objects They consust of a head
thorax or chest and an abdomen  The charac
ters of the abdomen are very important in
that they give the readiest means of distinguish
g between the mamn groups The abdomen
consists of nine segments  The first seven
segments are very much alike The eighth
segment carries the external openings (stigmata)
of the respiratory tubes which serve to
supply oxygen to the tissues of the larva In
all Anophelins the larval respiratory tubes open
directly upon the upper surface of the eighth
segment  The respiratory tubes of the larva of the
genera Culex and Stegomyia do not open directly
upon the eighth segment but are prolonged from
1t mto a projection which 1> known as the sy phon
tube  The absence of a syphon tube 1s character
stic of the larvae of the Awoplelin: The length
and charicter of the syphon tube 1s of mpor
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tance 1n distingwishing between the larve of the
genera Crlev and Stegomyia, 1t 1s short and thich
i the larvee of the genus Stgomy while 1t 1s
long and thin i those of the genus Culer  The

(]

LEAFLET « FILAMENT
PALMATE HAIRS
N\t there embl tth lafofa ocva tplm t th
1 flets Ath trml t jtofiim t whibve [ diffret

pect butisth sm fath m p

ninth abdominal segment carries the anal opening
around which1s arranged four large papille called
the anal papille which are well supphed with ur
tubes and long curved hairs  The most important
appendages of the abdomen of anopheline larvee
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heads ind transparent bodies  They change therr
position at the surface of the water by jerhing or
darting movements and when floating 1n the water
they take up a horizontal position  They possess
palmate hawrs and the respiratory tubes open
directly on the surface of the eighth abdommal
segment and consequently they have no syphon
tube  The antenn-e termmate in two Jeaf shaped
bodies between whicha branched hur anses  In
most species of Anophelinz a single unbranched
hair arises at the junction of the proximal and
mrddle thirds of the antennae

Larvae of the Genus Culex —These larnvt
form an angle with the surface film of the water
and assume a hanging <ttitude  The degree of
this 1ngle vanes in different species for mnstance
the Culev concolor 1ssumes 1 very acute angle and
lies nearly parallel to the surface film These
farve have 1 long thin syphon tube but have no
palmate hairs  They have a large branched hair
projecting from the side of the antenn-e

Larvae of the Genus Stegomyra —These
larvee are long and worm like and have a wrig
ghng mode of progression through the water
Their syphon tube 1s short and thick and when
hanging from the surface film of water they assume
an almost vertical posiion They have no pal
mate hairs Compared with the rest of the body the
head 15 small and 1t 1> not easy to s1y where the
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thorw ends and the abdomen begins  They hue
short mconspicuous hars sometunes as many s
three projecting from the sides of the antenne
The hrval stage usually tasts from eght to
twehe days s the tropics and this 1s determned
by at least tuo factors viz temperature and food
In colder chmates it lasts much longer Lane
byving under natural conditions m collections of
water grow much more quickly than those kept
1 the Itboritory i dhshes of tap water
Larve are free swimming ammuds eat wor
clously and grow rapidly Durmg the process
of their gronth they cast thetr skins several times
until they reach their final development At this
stage they become much gqueter wnd are tery
easily hilled by merely agitating the water in which
they are found  The change from the hinvat to
the pupal stage 15 sudden  With 2 few rapid
motsons the larval shin is cast off and the worm hhe
Jina assames = chaactensstic comma shape and
becomes the pupa or nympha {see Diagram)
Certun Iinvie of other insects may bhe mastaken
for mosquito sy becanse they bear a superfictal
resemblineg to them  There wre for nstance
fanve of certain flies called Chirenomus Ephe
mera Dixa ind Corethra  They ¢an however be
eanily distingmished from mosquito larve by
certun pecuhar charactersshics of thewr own
Chrronomus e are commonty lnonn s
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blood worms ~ They re brghtred worm like
creatures often found in large numbers when the
mud 1t the bottom of a small pool 1s stirred up
In general 1ppearance they bear no resemblance
to mosquito larve

Ephemera larve may at first glance be mis
tihen for mosquito larve but there 15 no redl
Iikeness  Therr atr tubes do not open externally
and they obtan the necessary oxygen from the
water by means of gills the presence of which
renders them easily recognizable Also the tail
end of Ephemera larve terminates i a tri radiate
manner which marks them off distinctly from
mosquito Jarve  These Ephemeride are com
monly known as May flies

Dixa larve rather closely resemble Awuophelinr
though not other mosquito larvae  They move
along the surface of water lthe Anopheline lanve
and they also rest honizontally just beneath the
surface ilm  Butn Dixa there 1s no globulir
thorix all the segments are almost equal 1n size
and the whole larva 1s Jonger and thmner thwn
the mosquito larve  They have no prlmate
hurs possess four legs by which they chimb
up the sides of the vessel 1n which they are Lept
and are 1n the habut of resting 1n a loop with the
head and tul downwards These characters
should prevent any difficulty m distingmshing
these from Anopheline larve
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Corethra farve are very transparent and e
for this reason known as  Phuwtom larve
They have an exceedingly smail head =nd possess
no respiratory syphon  There 1s 3 swimmng
fan on the last segment and they he horzontally
rither deep in the witer

The Pupa or Nymph —7The pupe of mos
qutoes 1re characteristic  Cieatures  comma
shiped m appexrinee vath 1 large globular body
and 2 small tml The globular body includes
the head and thorax The tail includes the
<bdomnal segments W hen disturbed they dart
downwards with great speed but soon reappew
on the surface  They sink m the sater by making
violent exestions with the tail and once the move
ments of the tail cease the buoynt pupa flotts
up to the surface Just before the hatching of
the mosguito the pups becomes less mehned for
actite movement and the tul may be extended
honzontally  Then 1crack 1ppears in the chinn?
of the bich of the thorix 1ad the adult insect
emerges through this crick and sits for a while
on the empty pupa case drying us wings and
then flies awsy as the full blown mosquite

In order to differentiate between the genern
Anopheles Cufev and Stegomyie m the pupal
stage great attention must be pmid to the differ

Thtn 2 hard mpe meable ubstance form ag the covering
membran
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ence between the syphons of these genera In
the genus Awopheles they are stumpy and
proportionately much shorter than 1n the genus
Culer  They have a square truncated end, and

FiG 1
Fie 2

Fic 3
Fic 4

Fig§

THE PLPA

FolPupaotd ph! FiG 3 yphont be fA I
Fic 2 Pup of Cul ¥ G 4 Syphon tube of C le
FG 5 Sypho tube {5t g mya

project from the middle of the thorax while 1
the Culer the syphons are long and slender
have an oblique opening <nd project from
the posterior portion of the thorax  In the genus
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Marrowey thap 0se of ¢ t or
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ence between the syphons of these genera In
the genus Awopheles they are stumpy and
proportionately much shorter than 1n the genus
Culex They have 1 square truncated end and

Fi6 1 z Fig 2
Fie 3
%
Fig§

THE PUPA

Fic 1 Pup of 4 pk! Fo3 sph tdeotd sl
Fic 2 PapaofC | Fic 4 Sypho t beof C I
Fic 5 Syph 0t be of Stegomsia

project from the middle of the thorax while
the Culer the syphons are long and slender
have an oblique opening nd project from
the posterior portion of the thorax  In the genus
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Ste omyrr on the other hind the syphons are
trangular and broid and hence are veny
charactenstic  The pupre of the Auwoplelens he
less vertically m the water and are longer nd
narrover than these of the genera Culey or
Stegomya

In the tropics the wymphal stage lasts about
forty eight hours



CHAPTER 111

THE ADULT MOSQUITO OR IMAGO

THE Imago 1s the winged msect well Anosn
to those living 1n the tropics  As m all other
msects the body of a mosquito consists of three
distinct  regrons—the head the thorax and
abdomen

The Head carnes the sensory and suctornl
organs It 1s more or less globular in shape and
15 attached to the thorax by a narrow neck  The
upper surface of the head 1s manly occupied by
the two large compound eyes The portion of
the head which lies between the eyes 1s called the
vertex while the frons 1s that part which lies n
front of the vertex Immedintely behind the eyes
hes the occiput while the nape 1s the portion
behind the occiput at the extreme back of the
heid The prolongation of the frons anteriorly
15 spohen of 1s the clypeus  Immediately mn front
of the eyes on either stde anse the antennte
These are long jointed structures provsded with
hairs and consist of fourteen to sixteen segments
Beneath the clypeus arises the proboscis  The
proboscis 1s a collective term given to the highly
speciahsed mouth parts which consist of the upper

See Fror lisprece
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lip the lower lip the tongue two mandibles two
maxile and two mavitlary palps  The lower bp
or Inbrum 15 a2 grooved structure enclosing the
other mouth parts and forms the thich scaly
proboscis as uswally seen  The two maallary
piim ke on erther side of the proboscis and are
of genenc and speasfic importance  Each pilp
consists of four segments

The Thorax carries the locomotory append
ages n the form of one patr of wings and three
parrs of legs  The anterior portion of the thorax
15 1 colfar ke prece of chiin and s catled the
prothoray while the miidle portion 1 called the
mesothorax and forms the large globular mass of
the thorat  Behind the mesothorax a promingnt
ridge called the scutellum runs betnen the bases
of the wings  Behind the scutellum 4 horse
shoe shaped area called the post scutellum can be
readily distingwshed  The scatellum wnd post
scutellum are of importance wn the classibeation
of mosquitoes

The wings of mosqmtoes are long with an
antenior straight border called the Costa which
i Jnophelne 15 usually covered with white and
black scales forming the spotted margm  There
15 3150 1 posterior curved border fringed with long
sciley forrmng the wing fringe  In Anoplelon
this has also hght and dark portions the extent
and posttion of which are made wse of m the
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tinguished from the female by observing with the
aid of a hand lens that, whereas the male antennc
are markedlv feathery or plumose, the female
have only short lateral hairs and whereas the
male palpr are long and hairy the female are
much less conspictious  Another difference hes
in the fact that the female feeds on blood whereas
the male prefers to suck vegetable juices

There 1re some members of the order Diptery
(flies) which may be mustaken for mosquitoes
Mention will be made of the chief ones which
can be distingmshed by noting a few charw
tenstics of eich  First there are the Chro
nomides (Midges) which do not possess the
characteristic proboscrs of mosqutoes  Therrlegs
are long and slender and the veins of their wings
do not have scales Then there are the Trpulide
(Daddy long legs) which have no distinct pro
boscis and possess long slender Jegs the
Sumulide (sind flies) which are tiny insects with
a short stout proboscis and listly Riyphus
feestralss 1 By often seen on windows which
may be mustaken for Awophelin: as sts wings
are spotted but there are no scales on the wings
and the second longitudmnal vein 1s not forked

In the identsfication of mosquitoes 1t 15 neces
sary in the first mstance to observe whether the
insect under consideration belongs to the order
Diptera {fies)  This 1s deterrned by observing
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whether the mouth parts are constructed for
iting oy suching and whether they have one
pur of membrinous nwings  Once 1t 1s decided
that the specimen belongs to that order the
possesnion of scales on the nings and body and
the charicteristic wing venatton wil place t
the fumily Culird e while the sub famity Celine
will be chosen € the specimen carnes scales on
the veins of the wings nd if the mouth parts are
made for biting 1 the specimen 3s & Cultma
1 15 necessars st} further to determmne its
correct tribe whether st be Awophelinr or Cult
It w1l ke sufficient for our purpose if we observe
the distinguishing features between these two
tnbes 1t besng, understood that should the speq
men not fulfil these conditions 1t probably comes
under the heding of some ather tribe

It 15 essential 1n distingtishing the Jnoph
from the Cwli i to observe the wings As 1
rule those of the former are spotted while the
latter are not  These spots are caused by areas
of white wnd dark scales on the teins and always
oceur with dwophelnz except 1 certun species
three of which are found se Inditand must be care
fully noted 1hey are 4 atder 4 baranorss
and A cdirforsus  Whereas nearly all the
species of the Cwdecnrr brve umiform dark wings the
C mimelns has costal spots s a rough guide
this differentration 15 exceedingly 1aluable  Agam
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the proboscis of the Anop/elinr continues m
astraight Ime with the body while 1n the Cuscin:
it forms 1 distinct angle  Thus accounts for that
characteristic attitude adopted by these tribes
when resting on the wall  The body of the resting
Anophelin forms a distinet tngle with the wall
wherens the Cudicinz appear either parallel to it or
have 1 hunchbacked appearance There 1s hown
ever an exception asthe A culwifacies 1 common
mosquito tn Indin holds 1ts body horizontally as
do members of the Culzcziz Again the palp: are
long 1 both the male and femnle Anophelin
whereas they are long mn the male but very short
in the female Cwlicznz The most accurate and
scientific distinction between these two tribes
hes 1n the fact that the scutellum of the Crluvn
1s trilobed wherens the scutellum of the Anophelin:
15 stmple and never trilobed This observation
however 1s not e1sy to mike with anv degree of
accuracy with a hand lens and requires repeated
and constant practice to become expert butwitha
microscope this difference can readily be seen

As there 1s only one umwersally recognized
genus of the tribe Anophelin: once 1 mosquito 1s
placed 1n that tribe 1t naturally becomes classed in
the genus Anopheles There are however at
least two genera of the Culeeins the genus Culev
and the genus Stegomyea (Aedes) which must be
distinguished
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Mosquitoes of the genusSzegomy iz are popularly
knoun as tiger mosqumitoes on account of the
prominent alternating, white and drrk stripe hke
arcas seen on the abdomen and legs of some
spectes of this genus  Unlike other mosquitoes
they can be seen feeding during the dyy but

F 1 HEAD SCALES OF STE(OMAI4

o m rower 4 al  Jhy re DAt 1 with
W uprightt ked

E HEAD ACALFS OF CLLEY
Fltats ©yiw Aoy tth 4 Thy re mosly mow

corved s sles & dsom D Ight forked

these features can by no means be relied upon 1s.
an qccurite and scientific means of distinction
Although these two mosquitoes are obviously
distinct yet many rosquitoes y hich 1t first sight
appear to be identic] are often found to be
quite different on examining thesr scales  The
head scales 1 the genern Crler and Stegomsiz
are quite different and are of importance m
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the 1dentification of these two genern (.idr
plate)

All mosquitoes of the genus Culer have on
the head mostly narrow curved and upright
forked scales but only a few flat scales laterally
whereas all mosquitoes of the genus Stegomya
have on the head practically all flat scales with
only 1 few upright forked and no narrow cuned
scales it ail  Further the clypeus n the genus
Stegomyaa 1s scaly while m the genus Culer 1t 15
hairy  These differences can only be made out
with the ud of 1 microscope

Having now deternined the exact genus to
which 1 mosquito belongs 1t 1s necessary to
proceed to the final step of the identification of
the species  As so far only Auophelint have
been meriminated m the transmission of maln
it will therefore only be necessary in this book to
deal with that genus The most importint
distinguishing features are the following 2nd one
should get thoroughly acquainted with what thev
are and where to look for them so that deviations
can be easily detected and the spectes therefore
identified  Each mspector should by practicil
experience make himself thoroughly fimihiar with
the use of the hand lens before he can hope to
become expert 1t distinguishing these munute
characters

The Costal Spots —The spots on the wing
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are caused by patches of white and dark scales on
the costal vemn the subcostal ven and vem 1
The costal spots are fairly constant n each
species 1nd the number and extent are of con
siderable importarce 1o the determination of
species

‘The Palpal Bands —Heru again patches of
white scales occurring 1t the junction of the
palpal segments gine the appeirince of white
bapds These are also farrly constant mn each
spectes  The presence of such bands thewr
number 1nd extent are all made use of i the
determination of species  In 4 berberostrss for
nstance there are no white bands the whole
palp bemng darkscaled  In 4 kock: there are
fve white bands 1 4 Jprcwnns there are four
white bands and m 4 cultcefacres there are three
white binds  so that each individual spectes h1s
miarably got defimtely marked palps

The Wing Fringe —At the ponts of junc
tion of vewns 1 to 6 with the costal vemr which
passes right round the wing sometimes lght
areas occur due to the presence of white sciles
Such hight areas differ in different spectes but
are farrly constant in the same species In
wulicefacres for nstance there are not more than
two light areas on the wing fringe while in the
A listou:r there are six hght areas

The Wing Veins —Here 1gan the presence

-
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of dark and whate scales on the wing veins causes
definite dark wnd hght areas in the wing field
which are furly constant 1n the same spectes  In
A cunliczfacies for nstance vein 3 1s almost
entirely dark except for a small white rea 1t 1ts
commencement whereas tn A stephense the third
vein 1s almost entirely white except for two smll
dark areas one near 1its commencement and
the other near 1ts termmation

The Legs —Banding of the legs, Iike those of
the palpr 1s also of specific importance It must
be noted whether binding 1s present mn each
segment 1nd if so whether 1t 15 apical basal or
both whether any segments =re completely
white and so on  In 4 subpicius for instance
the front tarsal segments are distinctly and broadly
banded In A #ieobald: the last two hind tarsal
segments are completely white, while n A4
culicifacies none of the tarsal segments 1s white

Spechling —This 1s 2 condition which m
some spectes 15 present on the legs or on the
palpt or on both  Vihen such a condition
exists the palpr or legs look as if they are
distinetly marked with white and dark spots
the best way to get familiar with thts condition 18
actually to look at a specimen with speckled legs
or palpt and when once seen 1t cannot be
mistaken A stephens: for instance, has speck
ling on the legs and palpt 4 theobald: has only
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spechled legs, whue o swbprcins has neither
spechled legs nor palp

All these conditions could mvarably be made
out by means of 1« handlens (10 to 20 times
magnification) and with a httle practice the
1dentification of species with the aid of a synoptic
table 15 a simple procedure n the large majonty
of cases  Such synopti tables have been pub
Iished by different authors and as an “ppendix
will be found the synoptic table 1ssued by the
Central Malanal Bureau Kasauli 1926
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of dark and white scales on the wing veins causes
definite dark and light areas in the wing field
which are farrly constant mn the same species  In
A culictfacres for instance vem 3 1s almost
entirely dark except for a small white area at its
commencement whereas in 4 steplens: the third
vein 15 almost entirely white except for two smmll
dark areas, one near its commencement and
the other near 1ts termimation

The Legs —Banding of the legs like those of
the palpt 1s 1lso of spectfic importance It must
be noted whether banding 1s present mn each
segment, and if so whether 1t 15 apical basal or
both whether any segments are completely
white and so on  In A subpictus for instance
the front tarsal segments are distinctly and broadly
banded In A #keobalds the last two hind tarsal
segments are completely white while 1 A
culicsfactes none of the tarsal segments 1s white

Spechling —This 1s 1 condition which m
some species 1s present on the legs or on the
palpt or on both  When such a condition
exists, the palpr or legs look as if they are
distinctly marked with white and dark spots
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or pipt and when once seen, 1t cannot be
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spechled legs while A subpuins has neither
speckled legs nor palpt

All these conditions could invariably be made
out by means of 2 handlens (10 to 20 times
magnification) nd with a httle practice the
dentification of species with the aid of a synoptic
table 15 a simple procedure 1n the large majonty
of cases  Such synoptic tables have been pub
Iished by different authors and as an appendix
will be found the synoptic table issued by the
Central Malarral Bureau Kkasault 1926



CHAPTER IV

THE HABITS OF MOSQUITOES

BEFORE entering any given district for the
purpose of taling anti mosquito measures the
squad with 1ts inspector at its head will have
been made acquainted with the types of mosquitoes
that they are likely to encounter  This gives the
Ley to the solution of the problem which faces
them as to where they are to look, not onyy to
encounter mosqurtoes but to discover where they
are breeding  This mformation 1s recerved from
what 1s hknown 1s a survey of the district and 15
generally undertaken by expert entomologists
and their truned assistants A catch 1s made of
all mosquitoes that can be found n the district
and also any larve discovered are carefully pre
served These catches are made throughout a
whole year and months which show a large
crevse 1 numbers are noted  The mosquitoes
are classified and preserved under their several
names and large numbers are dissected to
discover in what proportion the various mosqui
toes carry malaria m nature As a result of
this information a plan of cumpargn 15 put forward
which will aim at the elmination of the breeding
places of such mosquitoes for 1f mosquitoes are
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not allowed to propagite they will be gradually
ehmrnated

Armed then with a complete list of the 1anous
kinds of mosquitoes the mspector will be put well
on the way to discover their whereabouts because
experience has taught us many of the ways 1
which the various species live and propagate

1t 1s common knowledge that marshes breed
mosquitoes and operations on a large scale have
been undertaken at great financial outlay to
drain them but sometimes without any diminu
tion 1 the amount of mtlaria mn the surrounding
country In some of these cases 1t was not until
more careful observations had been made of the
habits of the mosquitoes carrying malaria that the
channels themselves built to dramn the marshes
were found to be the offenders as they harboured
the larve of 1 mosquito which bred in running
water  Thus the object of the undertaking w1s
not fulfiled through lack of a thorough knownledge
of the habits of the various species of mosquitoes
n that district

We npproach the subject of the habits of
mosquitoes first of all from a general aspect
These 1nsects whose persistent annoyance 1s the
source of much icovenience and distraction to
all who have lived m areas where they abound
usually pester their victims in the night and one
of two courses both very apt to prove a false
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security 1s narlable as 1 protection dunng sleep
ing hours Either the mndividual must cover
himself with a foul smelling o1l which although
repugnant to the none too refined tastes of the
mosquito 15 much more repugnant to the unfortu
nate person trying to get a mghts repose, or he
must sleep under a mosquito net which witl by
the closeness of 1ts meshes heep out the cool
gentle might breezes so refreshing on a hot
tropical night and much of the current of air
caused by an electric fan  Unless the utmost
care 1s exercised that the net 15 properly used and
Lept in repasr he will wwake 1n the morning ~fter
a hot restless night to find sitting 1n one corner
of the net two or three of these pests gorged with
his own blood too sleepy to fly away from the
consequences of the savage wrath they engender
m the breast of their vichms Far better at
would be to sleep without a net in a bungalow not
hampered by mosquito proofing and awake
refreshed from 4 sleep 1n the open ar 1n the
cool breezes untroubled by the attacks of these
winged pests

Generally speaking we dnide the mosquitoes
into two great bands We have those which
inhabit the vicinity of houses stables cattle
sheds, and so on  They Ine and breed m and
around them and their life 1< lived m a very
crrcumscribed area  These we may call * House
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hold mosqutoes Then we have those which
Iive 1n the surrounding marshes rrvers and
streams and fly to houses for protectton from the
heat of the day and for the purpose of sucking
the blood of mammalia—these we may call
Country mosquitoes  Although 1t 15 not
arbitrary these two classes m1y roughly be said
to include in the former the Cu/zczm: and 2 few
Anoplelin: and 1n the latter most of the Anople
Zue and some Culicinn

Agam 1t 18 not all mosquitoes which will bite
human beings—only the females  The female wll
feed upon mammalia after she has become fecund
ated as it 1s generally understood that blood 1s
necessary to her for the true development of her
owa  Itis generally accepted that males never
suck blood The adult male remamns more or
less m the vicmity of the breeding place and
meets his mate after she has hatched from the
pupal stage or has arrived and lad her eggs
Mosquitoes as a rule have many sources of food
supply Fruit and vegetables of various kinds
especially 1f they be over ripe and mammahan
blood are their usual diet  The female waill not
select a spot for laying her eggs where there will
be no food for her offspring  Thus dirty water
gully trips and cesspools are popular breeding
places of the Culecan: while clean water marsh
or ponds with vegetation are frequented by the

w
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Anophelin:  Of course, when dniven to 1t they
may depostt their eggs and larve may hatch out
mn water where no switable food appears to be
but for preference the other more smtable sites
are selected

During the heat of the day mosquitoes will
seek out sheltered spots to escape from the sun
which they do not like  Thus they are found
reposing 1n the shade amongst long grass or
under the leaves of trees and 1t 1s this phenome
non which has given nise to the erroneous
mnpression that long grass and undergrowth
necessarily breed mosquitoes and drastic opera
tions have been undertaken to nid occupied areas
of them often rendering pleasant wnd beautiful
districts desolate  Mosquitoes breed in receptacles
concealed 1n grass and undergrowth and i the
hollows of trees where water can accumulate after
ramn  If these are properly dealt with as will be
mentioned later, 1t will be unnece.sary to spoil
beautifiul gardens and remose the benefits of
shade by the destruction of trees Durmng the
day mosquitoes may also be discovered huding in
houses from the heat and sun especially 1n dark
corners cupboards presses and among clothes
hangingup  They are not generally found n the
vicinity of cooking ranges, but Anophclin: have
often been found reposing on cobuwebs Jooking
like tiny httle bits of dirt hanging downwards
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As evening approaches and the day cools they
come out of their mding places and feed and n
most species the female then seeks out warm
blooded animals ~ After havingfed on thern and
being ready to lny her eggs she proceeds to the
breeding water and lays them on 1ts surfice
There she finds the male awaiting her and once
more she mates with him and the whole proce »
s repeated It must alwys be remembercd that
1t 2 number of male mosquitoes are discorered
nany one locality it 1s an indication that there
are mosquitoes breeding nearby  Having grasped
these few points we will now pass on to consiucr
the haunts of the various genern of mosquitoes
The Culcine select breeding places which
Provide food for thesr young For this purpose
cesspools  gully traps and collections of dirts
“ater 1n and around houses stables and cow
sheds are their favourste haunts and here they wre
50 near their mammalian  food supphes
Except for the genus Stegomsre which are day
feders they mostly feed at mght During the
day they hide themselves m cool corners cup
boards amongst clothing and so on 1n orde: that
they may escape the heat and g lare of the tropicil
sun - 4s eveming approaches they come out to
feed angd they become annoying till dawn shen
once more they seek shelter from the oncoming
beat  The adults are most easily caught dunng
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the daytime 1f diligent search be made for their
places of concealment They are seen sitting
patiently m their typical positions and a gliss
tube can be gently and slowly passed over them
In the evening they fly about and are not <o
easily caught but with nets they may be captured
after  httle pracice  Their larvae can be
discovered 1n wells gully traps open drauns cess
poois tanks and old tins which have been left
lying about  OId barrels motor tyres cigaretie
tins and bottles will all hold water 1n the ramy
season and are favounte sites for ovipositing
with many of the mosquitoes  In the compound
should you find trees they should be searched
<arefully with a view to discovering whether there
be any holes which retain rain water

Long grass and rank vegetation 1n themselves
do not breed mosquitoes but they are splendid
posttions for mosquitoes to take up during the heat
of the day and they harbour all sorts of tins bottles
and rubbish which catch ramn and afford excel
lent cool water in quiet spots for breeding  Thus
1t will be found that when search for mosquitoes
1n and 1bout a house has proved unsuccessful and
just 15 you 2re about to abandon All hope of
discovening any breeding places, your attention
15 arrested by that corner of the compound which
1n many households seems to be a sort of dumping
ground for odds and ends And there amongst
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the grass 1s an old rusted tin with 1its broo
lanz and pupz Nor do even the most 1
cent loohing bamhoo poles used as supports
sheds 1nd lean to butldings escape  The fe
bamboo is a hollow structure and should the:
any cracks or holes 10 1t run water will co
and breeding will certamnfy resuft

Within the house itself the careful mspe
will generally find certamn spots which are
places for breeding mosquitoes  Among ¢
the water cistern which has not been rend
mosquito proof and the waterseals of wash d
water closets which are not 1in duly use ma
mentioned Flower vases and ant formicas or
holding water which are placed under the le
tables to prevent ants trom swarming up
food pliced on them hue very often been
covered to harbour larvt  The utmost
must be talen by the inspector to trace ou
possible vessels contuming water  These
must strive to hwe emphed datly and an
them are the earthenware vessels called c/aq
which are 1 common use i India

If ane were to turn ones attenton to
multiplicity of breeding places that can dail
discovered m cities especially n factories
yards 1olumes could be filled dealing with
mspector s work  Suffice 1t to sqy that or
princinles evolved 1in this chapter the intelh
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searcher will soon discover al] the important
breeding places provided he has the co-operation
of those living and employed 1n any establishment
he may visit

The Anophelin: are usually found breeding m
the country lthough certan species eg 4
stephens: and A subprctus are frequently to be
discovered breeding 1n water cisterns 1nd espect
ally m wells m houses wnd compounds But
generally spealing the Awophelinz for example
A maculatus and A theobalds, Iive 1n marshes,
river beds and jungle pools  The female flies to
the habitations of man and his domestic ammals
to feed upon blood and thus duning the day she
may be found freely in infested houses mn just those
places where the Culiczns are found  As a rule
they attack their victims at might, but here agamn
we may come 1Cross exceptions as certamn species
bite during the day while others appear to reseive
their energies until the early morming  Having
fed upon blood she then flies back to her jungle
pool marsh river bed or seashore and there
lays her eggs and once agamn 1n the vicimty she
finds the m1le awaiting to mate with her and the
whote process 1s repeated

People often ask how far a mosquito can
fly With a wind behind them they cn
certamly travel great distances, but agunst a
wind their range 1s naturally more limited  But
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some maintatn that if the wind be not too strong
distance of flight 1s affected very hittle  Generally
speaking Anophelmnr live withm a radius of one
tule from therr human food  The adults 1n flying
from therr breeding beds occasionally show
most erratic habits  They will for example
find their way not to the first house 1n a village
but to the last missing out houses in a curious
manner Adults are very conservative about therr
breeding haunts and return to them time and time
again  Most species show the extraordinary
habit of keepmng to the same type of breeding
place Certain species for example breed n
the shady pools of jungles and will not breed
anywhere else Agamn other species breed 1n
the running water of streams and will not breed
m still shady pools It 1s now very generally
accepted that the different species will not alter
their methods of breeding and once the places
have been eliminated the spectes dies out  They
do not appear to be able to carry on as that
species unless the conditions of breeding common
to the species obtain  Thus 1t comes about that
the tnspector who Lnows the mosquitoes which
are breeding 1n his district will lso know where
to look to find their breeding haunts

It has often been stated that mosquitoes do not
breed to any extent m sea water This 1s not
our experience in Bombay where the A stephens:
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A subpuctns A cubicifaries and A agus hne Al
been discovered breeding 1n salt water on the sea
shore  On one occasion the water was three times
as salt as sea water However there are strict
lLimutations to their breeding on beaches  We have
always found them 1n pools among rocks on that
strip of the beach which les between the high
water mark of spring tides and the highwater
mark of neap tides The presence of mangrove
and other vegetation increases the lihelthood of
breeding 1n such areas Mosquitoes have not
been found breeding 1n the open sea or on that
part of the seashore where the daily nise and fall
of the tide take place

The breeding places of mosquitoes can be
divided 1nto two great classes permanent and
temporary  Bentley 1n his work on malana mn
Bombay has demonstrated that the chief carner
of malarit 1n that city 15 the 4 stephens:  This
mosquito 15 hnown to breed 11 the year round
wells water cisterns and pools on the sexshore
They are usually found 1 small numbers in these
sites and 1t 1s thought that their natural enemies
prevent them from becoming too numerous
When the monsoon breaks, rainw ater pools nd 2
varety of collections of water become abundant
throughout the city and the mosqutoes spread
from their permanent breeding places to these
temporary ones, and this results i the appearance
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of multitudes of mosquitees capable ot carrying
malusa  \Withia 2 short time malara rages
the oty When the monsoon ceases and the
temporary breeding places dry up nd exist no
fonger then the mosquitees return to their per
manent breeding sites and consequently the
incidence of malaria drops  Our experience 1n
Colabz  confirms thesc  observations Per
manent places where brecding occurs are those
positions 1 which water can be found throughout
the yewr They nclude wells water cisterns
garden tanks pools i river beds streams water
channels and so forth  Temporary vrecding
places are such as occur dunng ramns and wclude
collections of water 1n storm water drains, shects
of water on the ground and the numerous
sites about a household Already enumertted
We give at the end of this chipter a hist
of Indian Anophelm: and 1t 1s v ded to
the careful study of every nspector  However
thete 15 another way in which mosquitoes will
temam alive when conditions re not favourable
for their propagation  Should the weather be too
hat ar too cold to frvour their continued existence
then adult temales which are about to lay thesr
cggs seel out some quiet cool spot and there
settle down and pass into a torpid state 1 which
they seldom 3f at all feed and appear to be asleep
U this occurs duning cold months 1t 15 spohen of
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A subputus A cubicsfacies and A agus have all
been discovered breeding 1n salt water on the sea
shore  On one occasion the water was three times
as silt as sea water However, there are strict
limtations to their breeding on beaches e have
alnays found them 1n pools 1mong rocks on that
strip of the beach which lies between the high
water mark of spring tides and the high water
mark of neap tides The presence of mangrote
and other vegetation creases the hhehhood of
breeding 1n such areas Mosquitoes have not
been found bieeding 1n the open sea or on that
part of the seashore where the daily rise and fall
of the tide take place

The breeding places of mosquitoes can be
divided mto two great classes permanent and
temporiry  Bentley, 1n hts work on malaria m
Bombay has demonstrated that the chief carner
of malarn in that city 1s the 4 stuphenst  This
mosquito 1s known to breed all the year round m
wells water cisterns and pools on the seashore
They are usually found 1n small numbers 1n these
sites and 1t 1s thought that their natural enemies
prevent them from becoming too numerous
When the monsoon breaks rammwater pools and 2
variety of collections of water become abuadant
throughout the city and the mosquitoes spread
from therr permanent breeding places to these
temporary ones, and this results in the appearance
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of multitudes of mosquitogs capable of carrying
malara  Within a short time malina rages in
the oty \When the monsoon ceases and the
temporary breeding places dry up tnd ewust no
longer then the mosquitoes return to their per
mnent breeding sites and consequently the
madence of malana drops  Our experience
Colaba confirms these observitions Per
manent places where breeding occurs are those
positions in which water can be found throughout
the year They include wells water cisterns
garden tanks pools in rver beds strexms water
channels and so forth  Temporary breeding
places are such as occur during rains and mclude
collections of water in storm water drams sheets
of water on the ground and the numerous
sites about a ! hold already d
We give at the end of this chapter a list
of Indian Anophe’ins and 1t 1s recommended to
the careful study of every mspector  However
there 15 another way n which mosquitoes will
remam alive when conditions are not favourable
for their propagation  Should the weather be too
hotor too cold to favour their continued existence
then adult females which are about to lay their
eggs sech out some quiet cool spot and there
settle down and pass into a torpid state 1n which
they seldom 1f it 11l feed and appear to be asleep
1f this oecurs during cold months 1t 1s spoken of
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s ‘hibernation A similar condition may occur
m hot dry months in the tropics and then the
mosquitoes are said to ‘aestivate

The manner 1 which mosquitoes become dis
tributed over a given area 1s interesting  They
may be and are blown to constderable distances
from their breeding haunts by strong winds and
being unable to return they are perforce obliged
to seeh out fresh collections of water m the
neighbourhood nd though 1t 15 usual for mos
quitoes to return to the vicinity where breeding
abounds yetitisnotalwaysso  Some may arnve
at fresh water collections which have a plentiful
supply of food for larvae especially those to the
leeward of the habitations to which the adult flies
for 1ts mammalitn food Agamn irrigation chin
nels can carry larvee a long distance and those
surviving start new foci further down the channel

The age to which an adult mosquito may lie
has not been worked out for each species The
males are much shorter lived than the females
The life of 4 female may be put at anywhere be
tween six weeks 1n certain species to three months
1n others
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CHAPTER V
PREVENTIVE WORS

BEFORE describing 1n detask any measures on a
large scale which may be undertaken to elimiate
s far ag possible the mosquito pest let us con
stder for 2 moment the mam crincisms with which
the advocates of an 1nti mosqnto scheme wre
sure tobefaced  Seversl aspetts of the guestion
re bound to be brought fornard for cntwism
and 1t 15 well that all who are more educated 1n
these matters should have a ready answer
One of the first comments will be that it 15
a quite hopeless task to exterminate all mos
quitoes and therefore 1t 15 a waste of time and
money to atterpt 1t It 15 chfficult to convince
the uneducated of the futility of taling wp such 1
posttton  Vi'hen the armies in Frince w the
Great War nere warrsed beyond measure by hee
and fleas 1t was not proposed to il alf the hice
and fleas to free them of their troubles  Lafe
was made well mgh smpossible for such prrasites
78 require man as their host by the free use of
imnsecticides frequent bathwng daily change of
<lothing where possible and disinfestation at
properly prepared statons  And so it 1s with
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mosquitoes  We do not advise extermmation out
of hand but a prolonged campugn based on 2
sound knowledge of the life and haluts of certan
tribes of mosquitoes well known to be 1nimrcable
to the health and comfort of man

Another critictsm  but one much more difficult
to dispose of 15 whether the large and oft times
vast expenditure which wal] be incurred by public
communities ind private concerns in the launch
ing and future muntenance of an ant: mosquito
campaign 1s worth while This s too large a subject
to be dealt with in this small book butin all cases
the pros and cons must be carefully weighed and
from this pomnt of view all schemes put fornard
should be as economical as posstble and should
be adjusted so as not to overlap the work of other
departments 1n a commumty—for example the
work of the Samitary Department The saving
to a commumty of hours of Inbour and many
valuable hives besides the reduction of expenses
in hospital maintenance should be reckoned as
valuable assets  In this connection one should be
conversant with the work on 7/ Precention of
Malaria i the Federated Maley States written by
Sir Malcolm Watson  Many laudable under
takings have ended 1 disaster through the
neglect of ant: mosquito measures  The Panam?
Canal Scheme ws attempted several times before
a successful issue was achieved for this very
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reason and Joss of reputation ast sums of
mone) and many human hves resulted from the
neglect of not ncurrng wn mitial expenditure
on anft mosqmto work 1t was not untd st was
realized that due regard must be paid to the
mosquito that large sums of money were forth
coming to undertake 1 campugn and only then
vas 3t possible to see the completion of the
Panama Canal

Within our lunited experience we know of
several umpartant business concerns which have
come to inglortous ends because their directors
fatled to realize the part that the mosquite phyed
w the success or farture of a commercial enterprise
In I houses established 1n Indin st s
the custom to mantun ther stafts on 2 basis of
allowing, anaually for a very large percentage of
sickness almost wholly malarsi

As we have alrendy explained the hints tn the
walaisil chamn are the plasmodium the human
reservorr and the Awgphe/tn: These three lmks
are 1bsolutely neces ary for the chan of malirnt
infection  If any of them be absent then malarn
arot exist, thus it follows that the hmnes of
defence and offence should nrturally be directed
aganst the destruction of these hinks thus
rendening, the cham wmpossible ANl defenswe
measures will be based on the wodnce of
human reservours md nfected A ophdime v hile
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offensive undertahings will be directed agamst
the plasmodium 1n the infected mndnidual and
prosecuted with a vien to the destruction and if
possible extermination of the Awoplelinr con
cerned

Measures to Avoid the Human Reser
voir —The system of cantonments in India where
the troops are located away from the crowded
quarters of the city 1s a very good example of
the advantage accruing from this method The
troops are thus frequently spared the nss of
infection by Anophelznz which have fed upon the
human reservorr i the city and 1t 15 well known
that the malaral mnaidence 1n a cantonment s
distinctly lower than that of the adjomng
city The moral that we learn from this 1
that 1n the location of new sites for humin
habitation factories mills labour limes and so
on one should always take nto consideratron the
state of endemic malaria 1n the adjoming places
and then decide on a suittble spot  All houses
situated 1n mosquito infested areas should be
rendered mosquito proof by means of wire gauze
the mesh of which should never be larger than
sixteen to the mch In hospitals and houses
persons suffering from malanal fevers should be
screened so as to prevent the Anopheltnr becom
ing wfected and thus trinsmitting the disease to
others 1n the ward or household
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Measures to kill the Plasmodium 1n the
Blood of the Human Reservoir —This vir
tually means treatment of infected persons by
quimne which s the only drug we know that will
act on the plasmodium  Unfortunately the suc
cess of this method depends on the regular and
prolonged ad ration 1n switable doses of a
drug which unlessyery strict precautions are taken
to avod foopholes either 1n ats preparition or
admimistration 15 liable to be 1bused for quinine
1sanexpensive drug and by no means 1n Attractive
medicine to swallow  Instances do eist however
especially mn Italy where this method of malariai
control has been used with success

Measures to Exterminate the Anophe
Iint —This method strikes at the root of the matter
and will therefore constitute the idedl weapon
mour hands  \We can Ll the enemy either n
their stage of existence in water collections or
¢ hen they are on the wing It 15 obvious how
ever that 1t 1s much easier toattack the mosquito
n its aquatic period of existence than to hunt
After 1t when 1t 1s flying  All lning creatures
have their enemies both natural and artihcial
and the study of these ememes may reveal a
Aery efficient method of dealing with mosquitoes

‘The Natural Enemies of Mosquitoes —
The adult mosquitoes can often be seen falling
aprey to birds bats lizards ants etc nd certain
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species of fish also attack and devour them when
they approach sufficiently near the surface of
water  Though a number of mosquitoes can be
destroyed i the adult state by such enemies
1t 15 probable that this loss 1s small compared to
that caused by the natural enemues which attack
the msect m ats larval state Amongst such
natural enemies fish take the first place Un
fortunately all fish do not eat mosquito larve
but only certam species Amongst the fresh
water fish that eat them are the following Anabas
scandens, Haplockilus loatus, Polycanthus cupar
nus  Barbus stigmata a species of the genus
Opluscephalus and Macrones The sea water fish
that 1re known to eat mosquito larva are the
Therapon jarbua and a species of the genus
Mugil 1t 1s probable that there may be several
other species of fish which feed on them  Should
any collection of water be met with where fish
are present and mosquito larve absent it 1s
worth while testing whether the fish eat them
Put some of these fish 1n a suitable glass vase and
put some larvae with them and watch the result
As some fish do not eat the larve as soon as
they see them, 1t 15 best to observe the expeniment
for twenty four hours Where there 1s much
weed and floating vegetation 1n the water mos
quito larve take cover under them and defy the
fish  The use of fish as Iarval eaters opens out
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tes of successfully preventing
breeding of mosquitoes 1n permanent collections
of water especially where there 1s no vegetation
There 15 no easier method of de1ling with the pest

Certain aqurtic msects such as water boatmen
and some beetles nd bugs also destroy mos
quito larvze Some plants such as that which1s
commonly known as the rootless duckweed are
also smd to be their natural enemies The
successful use of these nitural enemies 1s a
matter of individual discretion on the part of the
person carrying out mosquito destruction

The Artificial Enemies —The artifical
enemtes of mosquito larve are what are known 1s
larvacides  The most commonly used larvacide 1s
oll which by blocking, the respiratory passages of
the lanve suffocate them Kerosene crude o1l
castor o1l and gingelly o1l are some of the o1ls that
are generally employed etheralone orindifferent
combinations  The most commonly used com
bination 15 2 mnture of equal parts of herosene
and crude o] A mixture of crude ol and crude
carbolic vcid (20 per cent) m equal parts has
proved highly satisfactory 1n our experience
Varous disinfecting fluids such 1~ Cresol lzal
and Newcol are also highly lanacidi  The
employment of disinfectants as larvacides 1s depen
dent on the correct strength of dilution of the
disinfectant  An wmsufficient amount of disinfec
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spectes of fish also attack and devour them when
they npproach sufficiently near the surface of
water  Though a number of mosquitoes cin be
destroyed i the adult state by such enemies
1t 15 probable that this loss 15 small compared to
that caused by the natural enemies which attack
the msect n its larval state Amongst such
natura]l enemies fish take the first place Un
fortunately all fish do not eat mosquito larve
but only certamn species Amongst the fresh
water fish that ext them are the following  Arabas
scandens Haplochilns lneatus, Polycanthus cupar
nus Barbus stigmate, a species of the genus
Opfiascephalus, and Wacrones The sea water fish
that are known to eat mosquito larve are the
Theragon parbua and a species of the genus
Mugd  Tt1s probable that there may be several
other spectes of fish which feed on them  Should
any collection of water be met with where fish
are present and mosqumto larve absent 1t 1s
worth while testing whether the fish eat them
Put some of these fish 1n a sustable glass vase and
put some larve with them ind watch the result
As some fish do not eat the lanve as soon 1
they see them 1t 15 best to observe the experiment
for twenty four hours Where there 1s much
weed and floating vegetation 1n the water mos
quito larve take cover under them and defy the
fish The use of fish 2s larval eaters opens out
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mmense possibihities of successfully preventing
breeding of mosquitoes in permanent collections
of water espectally where there 1s no vegetation
‘There 15 no easier method of dealing with the pest

Certain aquatic insects such as water boatmen
and some beetles and bugs also destroy mos
quito larve Some plants such as that whichs
commoniy hnown as the rootless duckweed are
also said to be their natural enemres  The
successful use of these natural enemies 1s a
matter of individual discretion on the part of the
person carrying out mosquito destruction

The Artifictal Enemies —The artificial
enemies of mosquito lanve are what are known as
larvacides  The most commonly used bnvacide 1s
otl which by blocking the respiratory passages of
the larve suffocate them LKerosene crude oil
castor o1l and gingelly o1l are some of the oils that
are generally employed eitheralone orin different
combmations  The most commonly used com
bination 1s a mixture of equal parts of herosene
and crude o1l A mixture of crude o1l and crude
carbolic acaid (20 per cent) in equal parts has
proved highly satisfactory 1n our experience
Varous disinfecting flmds such as Cresol Izal
and Newcol are also hghly larvacidal  The
employment of disinfectints as larvacides s depen
dent on the correct strength of dilution of the
dwsinfectant  An msufficient amount of disinfec
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tnt added to a collection of water will be far too
dilute to be of iny use as a larvacide  Hence 1t 1s
preferable to use a disinfecting fluid like Cresol or
Izal 1n shallow collections of water,and o1l in Ixrge
collections where a continuous surface film will
suffocate the larvee and Wil them Certun
chemicals such s sulphate of 1ron and sulphate
of copper also destroy mosquito larve when
added 1n proper strength to the water m which
they are breeding  but by far the best chermcal
we hive come across 15 1 substance called Panis
Green  This 1s an arseacal compound and
1s diluted 1n one part 1n 100 parts of fine cork or
road dust and strewn over the surface of water
where larve are to be found This can be
usefully employed 1n Iarge collections of impound

ed water such as tanks and ponds where the use
of o1l or any other lirvacide will be far too
expensive to be practicable

Tn order to be able to detect breeding i col

lections of water every mspector should by
practical personal experience be thoroughly con

versant with the methods described below  Mere
book knowiedge m this very important section of
his work 15 entirely useless  He should provide
himself with 2 white enamel dish (10 x 8 )an
ordinary table spoon an ordinary bath tin a hand

net and a well zarval net A well net consists of
mushin spread loosely over a loop of iron wire
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about 1>1n 1n diameter  To the loop are attached
three chuns about 2 ft in length which 1n
turn are secured to 1 small ring above To the
small ning a suitable rope 1s tied so that the net
can be lowered to any required depth 4 hand
net consists of a similar net of smaller dimensions
attaiched to a handle  Armed with these mple
ments the searcher should observe carefully the
surface of small shallow collections of water
which have been 1n existence for some time If
larvt are present tiny nipples are csed on
the surface of the water by their movements and
they can actually be seen swimming about or
resting near the edges of the pools with the tail
touching the edge and head facing the centre It
there are any floating weeds 1n the water larva
may be found clinging to the weeds It m1y so
happen that at the time when a pool 15 inspected
all the lary © may be resting at the bottom and none
will be seen 1t the surface It must not be con-
cluded that the pool 15 free from luve By stir

Ting, up the water vigoroush, with the spoon and
examimng the surface again larv-e 1f present Wil
be made clearly visibie 1 unst the muddy water

Where the surfice of the water 15 covered with
vegetation what 1s known 16 the dipping methed

should be tried By means of the bith tin the
witer from as close to the vegetation 1s possible 15
transferred tlong with any vegetation to the
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enamel dish  The water 1s alloned to remun a
few seconds in the dish when Jarve if present
will be seen coming up to the surface By far the
best way of searching a pool 1s by using the
hand net and the method employed 1s to fill about
half of the enamel dish with water free from
larve and put the net 1 several places in the
pool and search round first at the surface then at
the edges and finally deep in the pool Care
should be taken not to allow the larvee caught 1n
the net to escape  The net 15 then withdrawn
and 1nverted mto the enamel dish when larva
if present will be seen mn the clear water The
operation should be repeated several times be
fore a pool 15 pronounced free from larve  For
wells water cisterns etc, where any of the 1bove
methods will not be satistactory the well netis used
by lowering 1t at several spots nto the water and
nverting 1t into the dish containing clear water If
Iarve are present they can be seen i the dish

Larvie have been hnown to thrive m all sorts
of water collections from the freshest rain water
to pure sea water from the tinest cotlections of
water between the axils of the leaves of certain
plants to large ponds swamps and rivers  There
fore no water must be 1gnored but each collection
should be systematically searched and experrence
will show 1n what surprisingly odd places mosqui
toes will breed
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The imago or adult mosquito can be captured
moneof twoways Lither search can be made for
i 1 his resting plice or else he m1y be caught
onthe wing  In the former cise the apparatus
required wall consist of specimen tubes wnd cotton
wool with which to plug the ends of the tubes
Having carefully observed the mosquito testing
onawall wnacupboard or un clothes the pledget
¢f wool 1y removed from the end of the specimen
tube 3 hich 15 passed carefully but slowly over the
mosquito wnd then the pledget of cotton woal 1s
shipped underneath the tube so as to block the
entrince  If the cotton wool 15 pushed hlf wxy
down nother mosquito may b captured 1 the
swume tube if desired  When mosquitces Are
fiying about a band net fastuoned Hike a butterfly
net 15 required in addition to tht glss tube
The net 1s prssed over the flying mosquito by a
sweeping movement and the exit 5 immediately
cloved by grripping the outside of the net near the
entrance with the free hand  Wath 1 httle many
pulation mosquitoes caught tn this way cin be
Psed 1nto tubes and secured by 1 cotton woot
Piug, as has alrendy been described  Should the
<pecimens only Le required for mounting it will not
benecessary 1o catch themn a tube  simply place
<ome chioroform on 1 plediet of cotton wool inside
the nct And all the specimens Wil be dead m few
minutes and they wilt be revds for mountmg5
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A most thorough inspection must be undertaken
before any building can be pronounced free of
adult mosquitoes In Indian villages all huts
must be carefully examined  The thatch of these
huts 15 a favourite resting place and very often
the colour of the thatch comcides with that of the
mosquito and 1t requires careful searching for
their detection Inalmost every house i an Indian
village a huge bashet 1n which grain 1s stored, will
be discovered m one corner  The inside of the
bashet 15 smeared with cow dung which gives ita
dull grey appearance  There appears to be some
curious attraction for mosquitoes there and usual
Iy large numbers can be discovered resting m
these bashets  Adults should be destroyed
wherever possible but unfortunatel; no satisfac
tory trap has been devised that will attract themin
really large numbers  Several situations may be
mentioned where mosquitoes are likely to be
found and among them are to be noted all cow
sheds and outhouses under the ewes of huts
and 1n dark corners of houses especially on any
cobwebs discovered there  Mosquitoes have 2
curious fancy for dirk ind grey clothes and for
the mside of leather boots and the under surface
of saddles  What the attraction 1s has not been
satisfactonily explained  Some wuthonitres think
that the colour 1s the attraction, while others
suggest that the odour of cerfamn articles for
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example boots 1s what they ke  Basements and
cellars are hikely places to find the Imago and 1
certun countries they have been known to mber
nate 1 them throughout the cold weather The
uses to which an adult catch cin be put besides
the attempted reduction 1 tot1] numbers are the
identification of species 1 a guen area the regis
tration of houses barracks and <o on where the
largest numbers can be ciught and at what
periods of the year each species 1s most 1bundant
But there 15 1 much more 1mportant observation
to be made from such 1 catch  Large numbers
of Anophcliny thus caught re dissected with a
vien to determuning what species carry the
plasmodia of malir and which of these species
are the chief cuiprits  Having determined these
facts and knowing the habits of the species in
volved we can locate their breeding plices and
mthe 1t mosquito pitns

In carrymng through such 1 scheme there re
several pornts which must be carefully obsurved
It must be r bered that anty quito cam
pugns molve expenditure and unless adequate
provision 1s made i the buginning to incur such
expenditure such schemes will only end 1n
discredit to the personnel concerned  Half
hetrted measures are worse than useless and ar
more 1 pretence thin 10 earnest attempt at
prevention of milana -
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An antimosquito campaign once started can
never cease just as much as conservancy
arrangements cannot cease and must go on indefi
nitely We cannot hope to exterminate mosquitoes
once and for ever until we reach A state of
envilization much hgher than the present In
the meanwhile war against mosquitoes has got to
be continued without abatement and then only
shall we succeed m reducing therr numbers to
any appreciable extent The officer entrusted
with the conduct of the campaign should be made
solely responsibie for 1t  Undiided responst
bility 1n ant1 malarial operations 1s an asset the
salue of which cannot be hightly 1gnored  Where
different parties are concerned 1n a particular
locality and unification of responsibility cannot
for various reasons be attamed a committee
composed of the representatives of the different
parties should be formed and thus ensure the
closest co operation of all concerned

One cannot too strongly emphasize the
mportance of selecting the personnel Every
endeatour should be made to get the nght sort
from the chief officer down to the men of the antt
mosquito gang  on the intelligence and honesty
fo these much of the success or faslure of a scheme
willdepend  The officer should not be hampered
by too much office work ind by other duties but
should have ample time for outdoor personal
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worh to check the duties of those working under
tim  The subordinate staff should be well truned
m 1 knowledge of mosquitoes theiwr hfe history
and halnts  they should know how to detect the
presence of Jarvie how to hatch them out and
mount them, how to make an aduit catech tnd
even ta be qble to recognize the commoner hinds
of Anopheltne in the focality Ant1 malanal
schemes should be backed up by proper legis
fation though this might be used 15 a last resource
Owing to the nadequacy of pumshment given
by legislators for sanitary contriventions some
wilful and recaleitrint people would rather under
go the pumshment than obev samtary rules
Deterrent punishments and the disaflowing of
endless petitions will soon put a stop to this

The 1ctunl antmosquito cimpugn may be
broadly divided 1nto major and minor works

Major works such as farge drunage schemes
dserting streams and channels or filling up hrge
swamps wil) usually require 1 considerable capstal
outhy 1n wddition to the recurning expenditure
for their upheep  Whether it wall be more econo
mical to do the mijor works or mnnr works in
the first instance should be decided at a ey
etrly stige of the cxmpugn in consultition wath
the engineers tilang nto due considerition the
species of fwophelint present thur hnown habits
and the conditions under which they are (ouy

-
Falli L
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i any particular locality  Engimeering skill
exhibited in ignorance or in defiance of the
knowledge of local Anophelin: often ends mn ex
penditure without ny resulting benefit

Under the heading of minor works we include
such measures 16 systematic mspections and the
use of larvacides draining or filling up of casual
water collections rendermg wells and water
cisterns mosquito proof by screenmng them, filling
up tree holes and so on

The area to be controlled 1s divided into six
secttons corresponding to six working days of the
week and one section 1s deslt with on each day
By the end of the week the whole area 1s covered
and the following week the process 1s repeated
and the different sections are inspected mn the
same order  Each such 1rea 1s entrusted to one
mspector who will hive 1 certain number of men
workmg under him, depending on the nature of
the work to be done If 1t 1s a large tract of
country that 1s bemg controlled there will
nturally be several such areas each under an
mspector  The advantages of visiting the sections
1n a particular order are that there 1s less chance
of omutting ny section 1if such a routime
method 1s followed and the inhabitants, if any,
of that particular section hnow exactly when to
expect the st of the antimosquito squad
During these mnspections all possible breeding
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places are carefully looked for and dealt with as
descibed  The 1nspector who always carnes
with him a notebool. 1nd pencil will carefully
note down such places as he finds breeding and
he will t2le sumples of 4l lane  For this pur
pose he will have with him several numbered
glass bottles 1nd 1n these larve will be sent back
to the laboratory for 1dentificition  He will note
such permanent places as wells cesspits 1nd water
csterns where he discovers fanve and report
the fict to the officer i charge of s area
There are however many occasions where the
breeding can be dealt with on the spot [t 15
then usually occurring n temporary breeding
places  He will order his squad to spray oil
on a cesspit to dramn way csual water or
to tll up 1 puddle with earth  He sees that il
barrels or tins -re emptied of any water they
contain The barrels he has turned upside
down and old tins and odds and ends are col
lected for disposal by the sweepers concerned
The permanent breeding plices are dealt waith
i varous ways  The squad should cletr up
drans and water channels freeing them from rub-
bich and undergrowth  1f breeding is found m
them they are sprayed freeh with ol Water
channels should be emptied of water 1t least once
1wneek and the channels clexnedout  In order to
prevent water from accumuliting in holes in such

P’
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channels they should be constructed of cement or
the water should be laid on 1n pipes It must be
carefully noted thit when o1l or Cresol or any
other such larvacide 1s used a very essential part
of the procedure will be the emplovment of a
coolie to walk behind the person spraying the ol

He will mtimately mre the water and Inrvacide
by wvigorously stirring up the water with a
sweeper s broom  This 1s of the utmost impor
tance 1f good results are to come from the use of
larvacides  Garden tanks for holding water, with
which the sal: waters the garden can be dealt
with 1 various ways but the first essential 1s that
1t must never, in whole or in part be below the
surface of the ground  If 1t 1s then 1t cannot be
propetly emptied and if 1t 1s not emptied 1t 15 sure
to breed  The best type of tank 1s one built of
masonry above ground Its dimensions are of
httle importance but one thing 1s essential namels
the provision of an outlet pipe provided with a
tap placed low down so s to dram the tank

On his round every week the inspector must see
all these tanks empty or else empty them himself

The householders will readily agree to see that
the tank 1s emptied each evemng by the malz and
that there 15 no water m 1t on the day of the
mspection  The substitution of hoseprpes for
tanks should be encouraged s much s possible

Ornamental fountamns are the scourge of the
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mspector but the addition of those fish which tre
the natural enemies of mosquito larye will usual'y
stop any breeding occurning i them  House
holders should be warned of the necessity of feed
g those fish 1nd the mspector will make 1 pornt
of seeing that they are 1inve and sufficiently
numerous on his weekly round He should
replenssh them as may be necessiry The
fountains should be Lept clear of water lihes wnd
otfier vegetation which will prouide protection
for larve

Where a lud-on water supply exists 1 cement
platform should be bwilt under ¢ach stand pipe
The edge should be rused about six inches and
the water t1p should overhang thi trough  The
trough shonld be druned by 1 properly con
structed drun wath 2 gully teap The drun
should be connected with the general dramage
system where such exists or should lead to a
properly constructed sorhnge mit  No puddles
should be permitted to exast newr 1 stand pipe
This gully trap 15 inspected and oled every weel
%> 2 routne mensure  Cisterns e uswally
provided for each bungalow or group of bung
lows where there 15 [md-on water  {t v to be
found either under the rafters of the roof or
raised on a platform to the requsite height n
the compound ~ These tanks should recene
special care 1nd should be rendered mosquua
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proof There are always two and sometimes
three openings through which the Imago may
gamn entrance  There 1s the manhole, this
should be provided with a properly fitting hd
which 1s kept padlocked  If necessary the edges
of the ild m1y be cemented over so that no space
<an be left between the lid and the tank The
overflon pipe must be provided with wire gauze
over the outlet so that no female mosquito can
gun entrance by 1t A third entrance may be
discovered where the mflow of water takes place
This pipe should be bolted to the upper edge of
one side of the tank but sometimes 1t 1s thrust
through a hole 1n the top When this 1s so
cement should block up the gap between the
pipe and the id  All tanks not mosquito proof
will be reported on by the mspector

Wells may present great difficulty m Indm
where they are in common use  In Colaba they
have now been completely covered over by dome
shaped mnsonry work This 15 a cheap and
efficactous method and has much to commend 1t
The well cannot be opened as the lid of the man
hole 15 bolted down and the dome prevents either
water or rubbish collecting on top of the cover
Wells have usually a sem religious and sermi
magic significance attached to them and the
complete closing of a well used for drinking
purposes 1s objected to because fresh air and
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hght cannot gain 1dmittance to the water  This
difficulty may be overcome by rusing the sides
of the well some six or eght feet ligh and roofing
itwithwire gauze  The water 1s mithdrawn from
the well by some form of hand pump similar to
that employed 1n England Wells which are
used for the provision of water for 1rngating fand
present 3 much more acute problem and the best
suggestion we cin offer 1s the covering of the well
and the provision of An internal combustion engine
geared to 1 centrifugal pump  Whatever solu
tion there may be to this problem one fact from
an anti mosquito point of view must not be lost
sight of and that 1y that wells 1n India wre the
purmanent breeding grounds of the 4 s&phenst
which 15 1 notorious carner of the parasites of
malinn and 1f anti mosquito meisures are to be
stiecessful such wells 1s breed this insect must be
rendered mosquito proof  During their weekly
mspection 1t 15 the duty of the Aot mosquito
gang to inspect the water seals of wash«lown
water closets  Those not 1n duly use shoutd be
oiled 1nd 1 film of ol should be spread over the
surface of the water in the sterns 1bove them
Vessels containing water inside houses should
be emptied daly  Amongst them are not to be
Le overlooked flower vases and chasie  Instead
of witer 1n 1ntiformicas we would recommend
cresol or if the smell 1s objected tc o8 They

v



78 PREVENTIVE WORK

are quite s efficicious 1n preventing ants swarm
ing up on to tables o1 into meat safes and they do
not breed mosquitoes  They have the additional
advantage of requiring very hittle attention  One
of the most constant cisual breeding places 1s the
run water gutter which 1s very often found on
buildings m India  During runs these become
choked with dirt and grow weeds Thus water
collects n Iittle pools 1n them No building
India should have a run gutter The water
should run directly off the roof to fall on =
cement ledge on the ground level The outside
edge of this ledge should have a channel to lead
away the water Where there are flat roofs
water often hes about on them during the rams
This water should be brushed off at lest once in
ten diys

All gully traps connected with a drunage
system must be otled and if a cesspit be found
i the courtyard of 2 house this must be 10
spected to see that 1t 1s properly constructed and
rendered mosquito proof  All mspection chwm
bers should be nspected to see that the covers
fit properly and if they do not then they must be
opened and searched for mosquito larve De
fective covers are reported on by the ispector
The handlegrips 1 the hds of manholes and
other such covers are cup shaped depresstons
crossed by 1 bar of won These depressions
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constantly become filled with ram water and
form comman temporircy breeding places  They
<hould be filled with earth or cement

Gardens especially untidy ones require the
attention of the inspector  Undergronth nd long
grass should be forbudden inywhere near humn
hab tations  They provide excellent shade for the
Imago dunng the diy nd concesd all soris of
rubbish capable of holding water  Certun plants
collect and store wAter at the junction of the stem
with the leaf  The tiger by commonly <een 10
Indiin gardens 15 such 1 plint  we frequently
kave found 1t breeding, mosquitoes  Such plants
should not be grown in gardens  Trees 1 the
area under control should be nspected carefully
once 1year and All hollows n thom titled with 4
nuxture of one part cement to o parts sand
When the holes are very rge they are partally
filled w1th stones 1nd then covered with cement
Very seldom 15 1t necessiry to cut down trees
All trees inspected should bu marked with a
white eross while such trees s are tound breeding,
<hould be ndicated in 1ddition with 1 red cross

On the d1y precedng the inspectian of 1 section
onemnn is detaled to go round and collect Al tins
and odds and ends hing about  He depouts
them <o that they can be rumoved by the scaven
gerson their rounds e also bands i atech
bt rgalow 2 questionnurecard { @ \ppendie V1)

-

A
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on which the occupant 1s asked to state whether
he 15 troubled with mosquitoes or not  This card
15 dated and imtialled It 1s returned to the
mspector when he calls next day on his inspection
These cards were started 1n Colaba witha viey to
finding out where mosquitoes were most trouble
some One surprising result has been the regu
larity wath which they have been filled up by civilian
and military mnhabitants  There 1s no compulsion
about these cards and the housewife has on
many occasions asked after her card should she
not have received one They usually give the
first indicahon of any outbreal of mosquitoes
It 1s also a rough and ready guide to the inspector
of the progress of his work and mforms him to
what sections he should give special attention  If
he 15 unable to detect any breeding place there he
reports accordingly to his officer who takes the
matter up and grves this particular area his careful
attentrion  In a large majonity of cases where com
plaints are made about mosquitoes breeding can
be detected 1n the immediate surroundings

The mspector returning from his rounds will
that dav enter all records made mn his notebook
mm the book at the office provided for that
purpose  Each section of an area has a book
and under the date of the mspection he will
enter the evact position of any breeding places
discovered the mnature of the water where
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found breeding for exampie a tin i the
npound a well a cistern or a brickish water
o as the c1se may be  Vfatters he has noticed
|wiring attention beyond his power to correct
1 be entered up for the nformition of the
e in charge who will take such 1ction as he
y deem expedient  The in<pector also
intuns a chart ( zde Appendix V) which shows
: division of the 1rea mto sections and the
vs on which each section 15 wvisted This
wt will be Lept uptodiate 1 spot map
mamtamed for each section concerned and
enever breeding 1s detected 1t 15 ndicated by
listinctive spot according 1s to whether the
veare of the genus Inophles Crlen ot Stego
@ Such methods 75 the 1bore lead to
stematie worh on the part of the mspectors tnd
d to 1 o1d confusion which would be disastrous
the ends 1 view

The progress of an anti mosquito cxmpuen 1s
ystered by the incidence of malan occurning
hospitals and dispensaries  \ more wcurute
imation of the "mount of milirn m 1 given
tnet i shown by the incidence among the
ldren of that area betwcen the ages of two nd
1years  One of the symptoms of maliris an
larged spleen and children of these tender
\rs are very susceptible to the disease nd
en they are attacked by 1t their spleens become
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enlv wed nd so long as they suffer from o
W uD s sometines reachmg m enormous st *
{he 10durtion n the percentage of children with
i eniateea spleen s a sure indication thata cam
puLn i progressing fyonrably  From rather
comphrated ¢Rleulstions a figure s arrned af
whichis cilled the Splenic Index  Ths ndex
~hows the prevalence of malarnn in a distrct
In concluson we would driw atiention to the
subject of propagindi work by which the wmterex
of the general public my be 1roused Although
3t s not bhely to be efectne by atselt yet o
might here and there 1ppeal to the more mtethgent
who would press for greater co aperation betnee
the pubhic wnd sanitary authorities Whle anti
mosqIto measures must 2iways be supported by
pubhic opimion yet it 1s the duty of all who hué
Lnownledge of the ravages of mnlaria to educiit
and arouse that opinion untl we reich such
stage of civilization that we wall ook upon the
mosquito 1s : noXI0US nsect not to be tolerated in
ourmidst  In the same way s we look back 2
few generations nd wonder with disgust how out
respected ancestors ever permitted themsenes to
be the hosts of loathsome bodify parsites so wilt
future generitions be astomsshed at the many
makeshift and meffectul measures that we adopt
to day to woid malina and yet ~llow mosquttoes
to dwell 1n our halntations
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enlirged and so long as they suffer from it
remam so sometimes reaching an enormous size
The reduction 1n the percentage of children with
an enlarged spleen 1s a sure indication thata cam
paign 1s progressing favourably From rather
complicated calculations a figure 1s trrned at
whichis called the ‘ Splenic Index  This mdex
shows the prevalence of malana n 1 district

In conclusion we would draw attention to the
subject of propiganda work by which the interest
of the general public may be 1roused Although
1t 1s not likely to be effective by atself yet 1t
might here and there appeal to the more intelligent
who would press for greater co operation between
the public and sanitary authorities  While 1nti
mosquito measures must 1lw1ys be supported b
public opinton yet 1t 1s the duty of all who hawe
Lnowledge of the ravages of malarn to educate
and 1rouse that opinton until we reach such *
stage of civilization that we will Jooh upon the
mosquito as a noxious insect not to be tolerated 1
our midst In the same way 1s we look bach a
few generations ind wonder with disgust how our
respected ancestors ever permitted themsenes t0
be the hosts of loathsome bodily parisites, 50 % il
future generitions be astomshed at the mny
makeshift and neffecturl measures thit we adopt
to day to wvoid maliria and yet allow mosquitoes
to dwell in our habitations
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APPENDIN 1 87
APPFNDIX 1

HOW TO SEND LARVAE AND LARVAL SKINS
FOR PURPOSE OF IDENTIFICATION
AND DESCRIPTION

FULLL GROWN larvze are 1vofated by placing them i tubes
Only one Jarva should be placed n each tobe  When
pupation takes plce the larial skm 15 ca t 1n the water
complete with all the haws and Lhitinous parts  the skin 1s.
carefully poured off with a little water umto a clean petrt
dish the pupa bemg left m the snigmal tube with some
water  The skin 15 carefully hfted from the water by
means of & small slip of filter paper and transferred to a
small tube contammng 2 mixture of txmalm and water
{about 10 per cent formeln} This small tube ccntamng
the skin 15 numbered by placing a number on a small shp
of paper m the top of the tube =2 simiar number on
another shp 1s put mn the top of the tube contaming the
pupa bemg held 1o place by a plug of cotton wool this
plug also series to prevent the escape of the mosgmto
when st emeiges When emergence has taken place the
mosquito 1 transferred to a clean tube by holdmg the
latter with its mouth to that of the former tube after
removing the plug  The plug 15 then pushed mto the
mouth of the tube contaming the mosgquite and 2 few
drops of chloroform poured upon 1t the mosquito s then
mounted 1 the usual way and a small label attached to the
P corresponding to the number of the larval shm from
which this mosquito resulted The mosquitoes and the
skins can be sent 1n their respectrse tubes by post. The
small wbes contammg liqmd should be filled up to the
coth and if possible sealed wsth wax by dipping the top of
each tube mto melted wax
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APPENDIN I

HOW TO MOUNT AND PRESERVE MOSQUITOES

AvparaTLS REQUITED
1 Specumen tubes with corhs
3 Pie double pomted mchel pins ho 3
3 Corh sheets
4 Cardbeard
§ Forceps with grooved teeth 8t the bp.

First prepare youf SpECImen tubes as follows

Paste white paper on to 8 corh sheet and cut 1t mie
small strips mst broad enough to g0 mside the speamen
tubes  Astach 2 stop o the corl. of the specrmen twbe by
passing an ordwary pm on exther side from the stop to the
corh  The cork stup when thus fived to the cork of the
1ube shonid not touch the hoteom of the tube but Just cleat
st Make a small triangular sht on one sude of the cork of
the speuimen tube 50 that & small groeie esusts between
the corh and the glass and 1to s groove fiv 2 pledget
of cotton wool  The tube 18 pO% ready for recesving the
specimen  Place the mosquite upon 18 tach on the twd
wnard  Hold the pan about the uddle with the forceps
and push one end steaddly through the thorax §O that 1t
st emerges from the centre of the dorsum of the thorax
The mosquito 15 BOW transfixed to one end of the pi it
the pin and 1ransfic the other end to the corh strp of the
prepared specunen tube In thesway about ten mosquitoes
can be mounted and preseried 1 each tube  Put 8 fen
drops of puse carbobie acid on the cotton ® ool plug  Fut
carbohic Acd on the plug once 4 month and this will prevent
the specimens geting rsoulds
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APPENDIX IIT

HOW TO HATCH OUT MOSQUITOES
FROM LARVE

PLACE the Janve 1 a winte enamelled basin contaming
some of the water ¢n which they were found keep them
there t1ll they become pupe when they should be remosed
from the basm to wide mouthed glass bottles filled three
fourths with water and over the neck ot which a prece ot
mosquito-netting 15 tied

The mosquito nettng retans the emerging adults
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APPENDIX IV

HOW IO MAKRE A CLEAR AND PERVANENT
PREPARATION OF LARVE

MEeTROD I

Put the laiva m a test tube and paur a few drops of
caustic potash or soda (2 to § per cent ) solution 1n water

Boil for 2 few munutes when clea transfer the whole
mto a watch glass pour off potash solution wash m
distilled water two or three times  Then transfer the Jana
to 50 pe1 cent =lcohol heep for five munutes then transfer
1t to 70 per cent alcohol  keep there for 8 or 10 mnutes
then tiansfer to absolute alcohol and Leep for 15 to
30 munutes During all these processes never allow
spectmen to get dry It 1s better to change the absofute
leohol two or three times

From absolute alcohol place 1t m a drop or two of
cove ol trll 1t 1s sufficiently clear {about 5 to 10 mnutes)
when clear temove with a pin or brush to a shde and put a
drop of Canada balsam over 1t and with needles mantpulate
the posstion 1n which you want the larva  then cover with
a cover slip

MeTnop II

Put the larva m a watch glss contammg 10 per cent
formilm VWhen dead transfer it to another watch glass
contamung alsolute alcohol so as to dehydrate 1t then
transfer 1t to clove o1l or o1l of wintergreen and when
clear mount 1n balsam Twao stups of cardbord placed
under the cover glass will support 1t
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APPENDIX VI
QUESTIONNAIRE CARD

Bungalow No

Occupant s }
Name

Are You Troubled by Iisquiloes?

On presentation of this card please state
Yes or No and sign your name

No Siguature

Date ( Yes
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TABLE FOR IDENTIIYING THE FEMALES OF
THE ANOPHILINES OF INDIA

N & ~Always make certasm that the specimen examined 15 4 female
An pheline Specsslatt pb v deswpt el te<at e
€nd of the table

I WINGS LNSPOTTED

A Distinet Waite Rage Seors ar Distar EAps op
Hi b Irvora (Novw 7)
A plumb Avar b nanen »

B Mo Desisise h irr Srots
1 Head scales very narrov  lmear  Palps airv thin
Antenor forhed cell nearly double pestenor

(Nate 7}
A tkn

2 Head scales expanded as n ordmary Anodheles
Palps mot very thmn  Anterss forked rcfl re

Tt ely shorter {No & 7)
A ol foms
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APPENDIN VI

I WINGS SPOTTED

A Tips oF HIND LrGS WHITE

(If not white see p 96 )

1 Femora and Tibiae not Spccl\led (Note 1)
)

a

b

(1f speckled sce p 9.

At least the two termual tarsal segments of the
hind legs completely white (Notes 2 and 7)

(1) Dor um of abdomen heawily clothed with ple
scales projecting at the 1es fo form tufts on a
egments A pulchernmus

(1) Dorsum Df abdomen not so clothed No lateral
scale tul

Fifth e of wing pale i the grealer pirt of
1is evient (Nole 7)

Ventral wpect of most of the abd>minal seg

ments with scattered pale scales Iistal end

of first hind tarsal segment never piched out
with white (Note 7) A palldus

Ventrat aspe t of abdomnal segmentsn tso

Distal end of tirst bind  arsal segment vart

able u tally piched out \uth white (Note 7)
ppmensis

Fufth etn of wing mostly dm Drstil end of
first Jund tarsal segment conspicnot sy

prcked o1 t wrth uhite (Note 7)
A ful g nom

Only the terminal hind tarsal segment completely
white (Notes 2 and 3) Four «lute bands on
each palp wcluding apical band (Nme 7)
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2 Femora and Tibiae Speckled (Note 1)
(If not speckled see p 94)
& ‘Two or three termina] tarsal segme nts ot hund legs
complelely white {Nates ? and +
) Fachpalp witht b wdpl 11 5d ud
omeparr pr omul m (Nt 7}
Lhtee fer wial hmi ¢t ! se mis om
plet Iy ¢k te (Nates ds)y  Pps prors
nently sp ckl d{\ te d)
mclplpasi wnd n
RS RIS
compl o hife(N 132 dr) ad hte
baid b etiss I‘w!»: u;e 4l d(\ﬁla)

@) Eschpdp b e br 1p 1 pr bund and
oyrovm o r prxowl I
A

T
b Less than two terminal tar al segnents ¢ hind
legs completely white (N 1 and /)

()E:\chp:ﬂp hf r 0 rhdpl rod m
i, po b ANt Saly

Tire dark pt b thloamd
ter ofut € O sp ml L5 lelill o
et lsrfoe U ¢ lsh el
HU of te l/tll ;In oy
wltte (N te 7) A koh

Fie ’ (1 ksbt sl gty
Ter of at g OO0 ! poat i

hal Sl i
Lttt opit thwllydredy 1
o pne ! oty
A Luophyrs
Cbo-amly t f11 11  tut uh
br dbawl At [
) F ch pz_\lp with ihrve p i band o lud p &l
0d {Notes § )
s 1e of :/n[of e bd ¢ 1 sexseds
tht Kly el thed with scales Aw

Scales if present  estricted o the last few
abdor i L segents A macula



9% APPENDIN VII

B Tips oF Hino LEGs Nor Wrrte
1 Femora and Tibrae not Speckled (Note 1)
(It speckled see p 98 )

& Less than four dark areas on costa ol g
both the costa and the first longitudinal 1ete
of wing (Note 7)

1) Inner half of co ta withont any distinct pale inter
ruphion (Note 7)
Broid white band on femnr of hind leg
ith prominent scale tuft associated with the
A ann ndale
Without such a tuft A hndes
Mo broad white band on femur of hind leg

Palps with some pale bands
A hy canus var mige r mus

Palps with no pale band
Wtk pronunent scale tuft on rentral surface
of erenth abdomnal segment
A barbiro trs
With no suck scale tuft A umbrosu
(1) Inner half of co ta with pale interruption (Note 7)
Aggs

b At least four dayk areas on costa wnzol g both
the costa and the first longrudinal en of
wing (Note 7}
(1) Pr ot tarsal j1ats with broad pale bands (Note 7)
(£ without seep 87 )
Palps with dark pre spical area equal to or

nearly equal to pale apical band (Mote 7)
q s A ubpctus (ro u)

Palps with dark pre apical area half or less than

‘half the length of the pale apscal band (No €7)
A vagus
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{11) Front tarsal jurnts without bro d pate band
{If with srep 96)
Tips of palps black
Dorum of thorax with hairc or o frov fale scales
Sixth wing 1 1@ \ith ery 1nd finte mark ngs
(Note 7) turkhudy
Domxm of thor © ith obvious ue wales Sxth
10g vem Mh ery defnte marking (lhree dark
spets) Note 7) A
T1ps of palps not black
‘Fhird longatudingl 3 g e dark (Nt )
B0 pale spots on ut g tewns other a  those o
costa (Note 7) A hode enu
Pife spots prese Lon other te s
A el fa
bt (Nt 7)
Eack pulp 1 thleoalrwoxequil bro dp | drst |
bands and a (N te7)

Prcbosas pal moap 1 hat Sxh ing e
withtt ~ darh pot (Nt 7) A aomtas

Third longt d 1 1 viog

boser ot s sisth iy en  th tvo
\i;\ﬂ.sptl( ) A mamus

Palps not so

Isn rqu rte festawitl tploint Tupt
Note7) S lespreent nh nth  strem
front ctd mum S th T Alton

Inner grater £t wh pal serruph n
N te /) S\S‘h peent e mat ct
fors m fthr
Longest pate 1 a sta less th hall

t/zl: Aglh of longest da & 1 eat N fe 7}
T & ond legs ust 1lly n orrouly b t
ittty hu ded u th
. yporen &
Lotgest pat a a nxu rery d file sk
fer thn Dngest dak  er (Nate )
Lovs of I ndlegs not b ydrd s
wperp
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2 Femora and Tibiae Speckled (Note 1)
(If not speckled see p 96)

a Each palp with four well marked pale bands
1including apical band {Notes 5 and 7)

(1) 7110 tarsal jomt of hind leg broadly and con pieu
oush banded with winte A leucosphyrus

(1) Tibio-tarsal jount of hund leg without sch broad
band At selatus

b Each palp with three wnell marhed pale bands
meluding apical band (Notes > and 7}

(1) Exch palp vath tno broad distal ani one narrow
pr ©imalband (Note7) 1 alpsspeckled (Mote 4)

A stephen

(n) Each palp with one broad apical and tsvo Daswo ¥
more_provimat band (Vote 7) Palp mot
spechled (Note 4) A. ludlow 1
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APPENDIX VI 99
NOTES TO PRECEDING TABLE

Afuntmotting) ntcon d rda spedl g Seen uler
he mi 1 scope the p S on Leut . pe M gare s v
clearly defined areas £p 1 s |

Tarsal segm nts complelely whtear 1 ted fr m th tip
of the leg stopping ttihe frstd kb 1

Inth cwetherea tallhy ht re frm g band
hgher ap he tarsu

Speckling o the p {psT ferst vhte put ntherd msal
urfice wually bty een th mddle und p  m 1 pale
bands

Buareof speckl g 14 vaf  thband

Spe tesentered an mote tb ¢ plh In th fabl may

w s metimes ne app aran  ©d meum s an th r

o an appe rance B hmay he ¢] led In ethr
cise the table wall w h t  rrectly

The f st ¢ rsal seg ent thatDearestt th tba

Te mintl seqments are thre at th tpofth 1«

Fr d farsl segments t thee fnflge

Fromitars Lseg ents t a th  £f ntlers

By aptcal bandy meant  n | ictte t m tp

Drstal means 51 uat d furthest from th body

P ovtn dmeans 1t ated re toth b1

Theccstiistheantens bad ot the w by

The first longriuds alz  ro prii! 1l th cota

Th seco d long{ dn ltenlesheh A th first ad
dy 1s 0t tyobran hes

Th 2kt d longst & n ! reryh sbehmdth ¢ nd and 1
unbranch d

The fourth I yrgxlidrul © n1 Thelnd the trd aod
divides wnto t o br o b

The £ fth o g:tudmal tetn | beh 4 the fo th and
d des fnto tvo

The sixth Ignztttlin l enle behad the fifth nd s
nobranched

The anterto forked cell s pt f b wmg Wing

betwe  the branche of the ec nd lo gitudimal

The postertor fo ked cell  he part f the wing I)m"
betncon tho bran bes- (th fo rh1 og tudal en

Cet 1ML B 14 1926
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Abdomen of Mosquito 29

acomtus A 97

attkennt A 31 51 93

Alcohol

‘Anal papiliee of lar\a 16 17

wnnindales A

Anopheles genus uzt.w spe
ces of 1134 §1 93

Anophelinr breeding places of
46 51 capture of 38 67 63
defined 31 external anatomy
26 et seg I 1S ef seg
larva antene 20 larna pal
mate hairs 18 lana stigmata
of 15 nympha of 24 ovum
of 13 species that transmit
malara 51 ef seq

Actenna of l;\r\'e 19
quitoes 10 6

Apparatus 57 88

1 rike A

of mos

B
barbirostris A 51 96
brrianensis A4 §4 93
Penign Tertian §
Plood Stream § 6

c

Chironomide 30
Chtror omus larve 21
Chitin 23
Clypeus 19 26
Corethra larve 23

3

Cilex egg of 17 lana of 18
20 oymph of 24
Cult 1dez defined 10

{ont ed)
tuhnlanz: A 5197
culicsformes A 51 83
Culicine defined 10
Culierns 10 31
Curved Scales 29

Dengue 8

Dipters 9 30

Dixa lanwe 27

Fgg of Amwllell r 131
Butee 1314 1 riks 13

A turkhudt 8 Stegomyta
Ephemera 21
Epemers e ”

Familes 10
Filnasis 8

Flat Scales 29
Fuliginosus A 57 94

Genera 10
gigzs A 5% 96

H
Hibernation of Mosqu ces S0
Iyremus 4 52 9

1
indiensts A 95
Insecta 9

J

ames A
e poriensis o % o7
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K
Raruary 4 53 84
kockt 4 53 95

L
L om of Moxquuto 27
Lanacide
o Sodors ot 15
it ot 18 17 sotense o8
18 attficisd enenstes of £3
head of 19
nerued epermes of §  syphon

15 B of Corethra 72 of
Clx 2 of Dixe of
LEphe poror 22 of Sleg 1 ¥

29 staie @ ation 21
of Mosqar
A N
Lafe st 1y of sl o parasee

4 5
lmd:nu 4 S3 9F
13 a7

Iu:ilq.m A S3us

M
nacubatus A 54 9
macud padp ¢ A 54 45
Matana eodemic 60 st vy €
12 puasitesof 3 11 tony
tpmsm«or & Setsey pora

y of
o dvmpl‘ehm et et
s plu wix ¥

il ﬁmm terwan 3 5
Baxiitiry palps of mesqm 2
Y gafo hny 10
m o A 59T
MAgp i o mon £2 e
sfon of §0_astenoe of 8
prure gpen s of 19
% deﬁn ton of 8 @ persat
/bt ot & fid o
ll }ub sni 38et30p h)ber
»t nof 50 howshall and

K

101

feoms oY
conntry 40 41 Labium of 27
legof % length of 1 fe of SO
e stosy of S oaxitiary palp
mttamorphens. 1
o i portsot 26
5 877 30 soutellam of 27
toen o 89t momnt
and praserie BS wing ol
nitctor A 91

N

Y\)“mphﬁ of r?andm 23 24
3 W Stege ye 23
2

o
Orde 3
O om b g g
13
palld 5

540
Pare 1 o5 of Mafuny
Penohany of Ut Larasites

palppnenss 4 94
Plvsmod o 3 §
m»om AR
fMosquic § 6 27
30
i7 tozoon 4
prikerer us A 5594

Q
Quartan 3 5 6 7
Qwmine &2

Red Lell 6
rhod siensis 4 5% 7

S
Sab tha 19

Scales 20 33

':.cmeﬂ\m of Mowqu to 27
s

Spleen in Malaria 81
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INDE\
Sporeg 5 6
Stegopy, I35 5, 43 ez
of 13 Arva of 15 16 19 2
Dyauph o 23 25

.rltﬁﬁerul 46 55 98
Sl oy 8
5 8puctys 46 45
m»rrpl:lln/{ 5
SVphon Of lap,

24

Lripeg 10
IlmMmil 413 6y
U
ur 650555 A 95
55 95
S5 g7
va 15

v
Of pupn, 2agus 4 56 96

T
Tapre of Indiay flnﬂpﬁdtm
93
fznelnh: 4 55 95
8606 1y A 56 g5

w
23 propy < s 95
57 mm; of \lusquno 27

Y
Yelloy Fergr g

24






