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LARVAT OF ANOPHELIN® MOSQUITCTS, WITH FULL DES-
. CRIPTION OF THOSE OF THE INDIAN SPECIES. - L
PART I.
GENSRAL.
b BY : ¢ 2
I.M. DURI, M.SC. (Pubjab), EE.D, (Cantab.), ZeB.8. =
Tn-charge ¢f Inmguiry cn the Leaval choracters of the aAno-.
- pheline Mosquitocs of India. AL R
(Contral Research Institube, Kesavli.) = = 7 :
(Rpcoived for publiocnti®n, August 22, 1$30.)

INTRODUCTION.

Although, since the publicatien of the important papem '+ o

of Nuttnll and Shinley (1801) deuling with the detailed.
pennis Meigen, a grezt deal of work hes ben done om the .

F

larvac c¢f anopheline mosguiiocg of the vurdous countrigge.

v
A O i P e ¥ I P T, 3 X L = 3 4
yeu oun nowlodgl of “the 1%y o .0f the diffecent Speclidg:
RE-PaT Tooh S0 Foss Xy

besidcs Nuttaili ond Shiplay, Atout the only other authors

8quetc . s Mardinl {1°5%) and Roodt (1e24) are

@

who have described the axternal morphology of the T Rl

in.dotail, Martini deciing with the Buropean, and Rool witl
soms of the Amorican specics. Most of the othér workore
in their doseriptions of the larave have dealt with only.

" guch chrractors as are useful meinly in differentiating the
various spceizs, nsually only thoso occurring in the purfi=

cular locality with which the suthor happencd to be eonnsc-—
ted. Oonseguently, their daescriptions arg of Ligtre .gn nan
help in making & gencral comparative study of the larvec
of different specics in wny group or subgonus. it _
puring rdcont yoars a number of papers have becn pub~-
1ished redescribing briefly larvas of some of the Indium

specics, agoin giving only the main differcentiating ehﬁt&éQj‘

tora. Morcover, these prpers decl with only & fow spcclies
~t & time and no comprchensive or comparntive study has SO

for been mado. Where Lorvee of 1) the Indian anopheline -,

g

rosquitoes have bocn dealt with in 1iterature, the authers .

nove mainly made wse of daseriptions and figures alrondy -

publishod, in many cuscs VAgUC cnough to opply cquulLy‘galib

io 1apvae of morc than one cpecies. It was to moot this s
doficisney and to make comprchensive study of overy do~

+:i1 of oxternal lorval siruciurce of the large number of'. .
spocies cceurring in Indla, nc sspccially to work out “the

4

external morphology and biolcgy of the layva of A. maculi- -
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affinities as shown bty larval characters votrecen these,
that an inquiry on the larva: of all the Tudian anophelines
as started about three years ago at the suggoestion of :
~ Brevet-Colonel S.E. Christophers, F.R. S., LM.S. (Director,
Central Reseorch Institute, Kasauli), and Tinarced by the
Indian Researe® Pund Assoclation, Delhi. As A result of
this exhaustive study it has ucu tean DOS:LJLQ to give ﬂnw
tailed descriptions of the larvae oL all the “srbphaline
mogquitoes 0 Ioxr recorded from India aud to compare with
them larvae of some of the specics occurring in other coun-~
trics. '
For the study of the mO-u“O7
“wae ol various spocias uiidnd 5 by
in the first place uscd, L';
cd only efter thoe moults
The special Te-ftures of
ﬂs far ) pOSClblu oplv‘ﬂ

> ST s
a1 G (2§

e hOVOVbr very fow s
able to me for gstudy.

i s TR
To avold any cor®ugicn, vlic. lavise aumber of spe-

Ceinciis used were coliected and ommberad by ]

nocbody elsc being ol lowed AT od v Lhgnd ke

of tlic numbarcd specimens; l“r\:L rounts or :
The larvac of schnic of the specieg, howeyor, wore c¢olloe
gnd Lrog outy, 2F my Tregquest, by o nuubar off ‘chher vese
workers to whom T wish to oxpress ny thanke for thei (
geHérous heln. I am indcbted to Major G. Covell, I.M.S.
{scsistent Director, Malaoria Survey of Ludim), for speci-
mens of ludlowii (from Andemans), to Dr. C.Ce Romsay L&abuo
Central Hospital, Cachar, Assom) for -somo 8dccimens of aconi-
tUo, philippincnsis and Koehi, to Mr. R. Qnﬂio~~ﬁhite (Mo~
lariclogist, B.IN, Raillway) for specimens of wuconitus ond to-
bDr. K. Raghuvind»e Rao (Special Malaria Officer, Medras) for
spececimens of culiciformis, sintoni, majidi ond tcsscllatus,
te the last named also for his groat holp to me during my
tour to purt° of Mcdras Pvcswcancy. Py . PV Ehwards, Me
A. (Notural History Muscum, South Kbnolqgton, Bngland), I .
am grateful for his kindness in lending ne mounted last lar-
val moults of As 1 multicolor and te CGaptain P.J, Barraud, Bn-
tomologist to the Malaria Survey of Indiz,.I am indebted for
some specimons of vagus and hyrcanus colleeted by him in
_LL’ 6 «-m.
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To Dr. D.P. Curry, Assistant Chief Health Officer,; Pana-
ma Canal Zone, I_am grateful for the large collection of
bred out isolated spccimens along with the eorresponding
last larval moults of a number of spocies from the Panama
Canal Zone and to Dr. C. Manalang for the large number of
A.-minimus adults along with their isolated corresponding
last larval moults from the Philippine Islands. My thanks
are also due to the Dircctor, Zgological Syrvey of India;
and to Dyr. B, Prashad, Syperintendent, India Museum, Cali
cutta, for giving me cvery facility for work at the Mpseum
and for dending me books out of their valuable library
whenever requested to do sb. To Major J.A, Sinton, Direct-
or, Mplaria Syrvey of India, I am decply indebted Tor his
kind help by way of material as well as literature and for
allowing me the usc of their very valuable collection of
adult anopheline mosquitocs from diffeorent parts of* the
world. In conclusion I wish to éxpress-'my sincere gratitude
to Coelonel S,R, Christophers, C,I B, 0.B.B,, F.R.Sey I.M.8
for the keen intercst he -has taken incothe work and for nis 3
many valuable suggestions in connection with it, and also
for giving for study his very useful collecctions of adult
ancphelines and the ccerresponding last farvel moults Trom
Canary Islande and Sicrra Lecne. -

z

HISTORICAL-

Nuttall and Shipley (1$01) have traced the first mention
of the larva of anopheles in literaturc to Joblot (1754) of
Paris and have enumcrated the very scanty references to
these insects up to 1500. Sincc the publication of their
classical work, however, & large number of p&pors~have been
published dealing with anophaline larvee and during the
last twenty years the literaturc on this subjeet has in-
croased to such a degrece that cvens to give a-1list.of the

~ papers dealing with their external morphology and biology

"is a considerable task. Mention may, however, be mads of f
the important works of Howard, Dyer and Knab (1¢12), Root
(1622, 1524 and 1¢26), Martini §1925); Swallengrebel (19}9)
and of Christophers (1516, 1$22), who, among & 1argc NUMLCT
of other workers, have added greatly to our knowlcdgo of ;
anopheline larvac. : = &
: . BIONOMICAL -

Habits and habitat. 5

Anopheline ldﬁvaejare'gurely aquatig,jbrocding,Iﬁ col-
lcetions of water of almost cvery description. Some spé- -
cica breed exelusively in runniag woter with:plenty of sun-

light, while others prefer somewh:t shad¥ stroams and still

others breed in streoms whieh nre in Vory hweavy shades SO

R o'
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those species which arc Tound in standing waler, some breed
in wells, some in shallow temporary collections, and larvae
of some ore found exclusively in water con®%ained in tree-
holes and leaf-bascs of epiphytic plants. ~Some spccics
breed only in salinc woters while some appear to be indif-
fercnt iu the choice of their brecding-plocc. In fact fhere
are one Or morc specics of gnopheline mosquitoes connected
with almost overy kind of tecmporary or permanent water col-
lection, coch specics more ‘or less restricted to its own'
particular type of breeding-ploce. : : :

Larvac live freely in wator and crc very active swimmers. -
They arc apodous, not being provided witn ony limbs, swim-
ming about with their tail-end forecmost, by a rapid wrig- ,
gling movement of tlie whole body. Wheon undisturbed they ‘
lie flabt against the surface film of water,,usually at right"
angle to any forcign object or to the edge of the water con-
taincr. On being disturbed they swim rapidl®, tcil first,
to the botton of the conteincr wherce they lis motionlcss as
if dead, often floating about slowly with the currcnts of
water. Aftcr a fow moments they again oWim tail foremosit
to. the surface of water and coming to lie nearly flat against
the surface Tilm, wriggle rapidly along it to the edge of
the pool oxr to a floating debris. They are provided with a
number of strcturcs (c.g., palmate hairs, spiracular appara-
tus, etc.), which arc unwettable, owing probably to the se—
cretion on them of some waxy substance. Waen o larva swims
to the surfacc thesc structures break the surface film of
water and the luarva remains floating without any effort on
its part, the Torcec of cohesion of. the film supporting the
weight of the larva which would othertise sink to the bot-
tom, being heavier than water. That these structurce on the
larva break the surface film ofrwoater when the former is ly- -
ing at the surface is obvious from the faet that & slight
wind disturbing the surface of water wafts the lcrva about
with it. ; £, o :

As hcs been mentioned already, larviae whon lying flat
against the surfoce filnm of thc water usuclly rest at right
angles to a foreign objcet, with their tail-end touching it.
This happens only if- the foreign object against which they
arc resting is 'wet', as on the other hand, if it be ‘dry',
“the larvae lic parallel to it, with ncarly the whole of their
body touching it. Hacker (1¢25) is of opinion that the
characteristic horizontal position of the Larvae is due to
the phenomena of 'diffcrential wetting' or in other words to
the action of the surfoce tension of watcr, by which Watson
(1620, p.188) has oxplained the apparent &ttroctions or re-
pulsions exhibited by small floating bodics on the surface.
of a liquid. Two floating objects moistened by the liquid
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(on which they arc floating) are 'attracted' to each other,
~s also are two flozting objects when neither of them iIs
‘moistencd, while a moistencd and a non-moistencd floating
object are repelled from cach other. According to Hacker
the anal segment of the larva bearing the spiracles and the
coudal hairs is 'wet' and therefore attracted to tho odge
(when that is n1lso twet') while the spiracles arc'dry' and
thoerefore repelled, forcing the larva out into this chapace
toristic horizontal position. This cxplanation does not

. gecm to be correct as the phcnomen2 of ‘*attraction' ands _
*ropulsion' owing to the action ‘of surface tension of water
is epplicatble only to such objects as show'a concave o -
convex meniscus (Atkinson ‘and keinold, 1602, p.116) whon
lying at the surfacec. The anal segment of a larva ig com-
sletely submerged below the surface of water and is not
twot! in the same sensc of the word as is o flozting piece
of wood. It could have been sttracted towards the ruct®
cdge only if it had hoon somcwhat above the. surface lcvel
of water and thus had a concave mensicus surrounding it.
The mojority of anopheline larvae, when they swim to the
surfacc of water, wriggle tail first towdrds any foreign
object probably by instinct. ond do not rcmain free in The
open, a prey to all their cnemies. They wriggle actively
with their bail-cnd foremost ond conscquently it will be

" ¢his end which will comc in contect with any foreign objecct
first. Morcover, as the lurvae float flat against the sur-
face film of water, 'if “they werc to lic’with tlieir head-
end touching o wet roraign objeet, this, the heavier ond ey
the lsrvece would be at & higher level thon the tail-end or
the lighter end. This would be applicable also in the ttse
of A4 larva touching a 'dry' foreign object were 1t to lie
with only its tail-cnd touching the latter. Both thesec po~
sitions are obviously highly improbablc. Whether the hori-
zontal position of the larva is due to a numbe 'of physicel
forces ncting together in conjunction with tHc action of
‘the surface tension of water or whether it is simply ex-
plaincd by the method of wriggling of the larva with s
tail-cnd foremost or probably to both'is, rother, difficult
to say definitely. - The fact, however, remaihs that a lar-
ve coming within the range of the curve of a meniscus (con-
cave) in the vicinity of any foreign floating objcct is
£ttracted towards it if most of its body is supported By
the cohesion of the surfsce film of water. This cén be
cosily shown by the following simple cxperiments: Kill a"few
larvae by formalin vapour while the former are fieeting Tat
against the surfoece film of water. Very gently disconncet
the palmetc hairs ef some of them from the surface filme
It will be noticed that these larvac when brought ncor the
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wet cdge of the dish will not touch the iatter though thoy

will float up along the concave mbniscus. The distance of
the tail-cnd of these larvae secms somchow to depend on

~ the.angle the body of a larva mkes with the surface film

and appecrs to be directly proportional to it. This is
glso scem in nature as anopheline larvae not possessing. any
almote hairs or having very weak ones (such as A. turk-
hudi) when supported against the surface filnm only by their
spiracular apparatus, the rest of their body not touching
it, are not attracted to the edge. That the attroction of
a larva to the cdge is not duo to the so-callced ‘*wetness!
of the tail-end can very easily be demonstrated. Tho anal
segnent is undoubtedly completely submerged, the surface
tengion thus having no effect on its being attracted or
repulsced. The dorsal caudal hairs, however, may be sup=
poscc to come up slightly above the surfice film and to
produce a concave meniscus, bthey being wettable, but the
larva coming in the range of the curve of the moniscus is
attructed to the edge even when the .caudal hairs ars cut
Off ccmpleiely, From the .fact that culicine darvac and
such anopheline ldrvae cs -hang down from the surfacc film
of water in & Iike marner, although they posgess a so-
called wettable anulsegment, are not attracted to the wet
edge, it. appears thaft the suspension of the whole length
of the larva from the surface film, by mcons of a number
of other -structurcs besides the posterior spiracular ap-
paratus, is on important foetar in determining the position
taken up by the larva against @ foreign object. The' dorsal
surface of the spiracular apparatus is. *dry,! except for
& narrow arca along fhe posterior bordor of the scoop (vide

~infra). This narkew arca alowg the posterior end of the

spiracular appapatus is wettable and probably holds the ex=-
planation for the apparent attraction of the posterior ond
of the larva towards a 'wet' objecct, the rest of the non-
wottable spiracular apparatus, and the suspension of the
lorva from the surfacc f£ilm by mesns of the other naryt -
structures, accounting for the right-angled position ang

-the distance off the larva frdm a 'wot" object respectively.

,Method of fcoding.

Anopheline larvae, although at timos they arce seen brow-
sing at the bottom and the sides of the container in which
they happen to be breeding, are pre-eminently .adapted for ¢
fecding at the surface of water. This is shown by the nre-
scncc on them of a number of leaf-like structures  which
help them to maintain their position at the Surface without
My cexertion and by their ability to rotate their hecaa.
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through an angle: of 180°. NLttal1 and Shipléy Have: already
described in detail the method of foedlng of* the larave at.
the surface. An anopheline larva coming. to the surface of
water attaches. itself to-the surface fle by the ‘help: of .
its splruculu? appdratus, palmate hairs land a pair of flat
bilobed, striated argans* situdted at the 'anterior cnd of ',
the thordax:  Almost at thO‘ ame time it turns its head sud-
denly on its ncek as.an exis, through an angle of ¥80°.and;
raises it slightly With a jork, breaking the surface Film;.
of water with the leaf-like appendages at the tip of the
maxillary palps end wit¥ the submentum (Plnte VI, £iz.6)..
The mouth-brushes or the ceun“11e fanrs then commoncn'a Phy~
thmical movement sehting UD curwentk which bring food par-—
ticles toward the mouth.: . G 1391
.Christophers and Puri (1927), hhllb explaiping as to why

‘gnophpllne larvae feed &t the surface) havo deseribed two.

me thods of fOCdan,4 1lm ~fcooding® and *Tree=foeding, ' and
ave also: deocrlbo@ the various food curnent~ nﬁoducod 10,
water-at thﬂ time. -The- m°chan1 sm of fecding is morg: or,, less

the Sgme in both the cases excéept:that, in the former the
latva feeds on the bacterial fiim, formnd at thed ourface,
druggﬁh it by a slar. ‘stroking novement’ of the: -mouth-brushes
In the case of free-feeding, however, .'the. fwns'"r workod
with & rapid rhythmical almost vibratile movenont and. ex-

tremely o ctlvn currents arc set up near the »Urfﬁce.. A&l

particles lying just -benes th the surfa Cﬁ'°ilm, 2 theyv come
within LhO range of the currents, are swe Dt *0W°*cf the.,
mouth, passing bencath. the actual surfacc film which ig -1it-
tle if at 21l disvuurbed, 'Particles can be soeon COMMPHCWU"
to move towards the larve from o distance of ot lcast the
l““val lcnbth' {at times cven three to four larval longths).
This. the incoming current (Plate I, ficd) i 0he ‘depth.

'Of,tllu current was found by them to.be not more then about
' -the thickness of the larval head and is cloarly a very shal-

low and superficial disturbanee of water {Plate II; Tig.2).
The outg01ng currents arc normally freed from! particles and
80 are¢ practWCJlly invisible, going out at rifht angles to
the head on cither side (Platc II, figs.l andi 3). 'They
are powerful T&Dld circumseribed currcnts like the gulf-

‘strcem lec aving the Caribbean Sea. They dre coused by, the

main incoming currcent being deflected by the pmooth. outer
surfcce of mand1b10> Whﬂch are kept c1oqed A When tho fans
are workKing.

Ac deseribed - l*ﬂidv, +ho qulllac gnd. huH*ﬁntum muke
contact and even protrude from the surface fllm. They thus. -
block all backward exit for 1n00ming eurronte, i. G.5 arh
passage except laterally under th maxillac, The maxillae
are koot in constent vitratile mcvemcnt and comb the cur--

t"ﬂ 1.and shiplev? Oreaon Soaeribese Iiriat oh
Lol <oty LA Gl el L RE

: SRR S A S5 —_—na o Lo
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rent as it passcssbenedth them. They are provided with a’

large number of Tine.setae on their dorsal. surfoce and those

can remove cven such small particles as Bacillus eoli, ‘The

water thencs striking the mandibles is shot out at right
.angles as doscribed. - .. | - ' : ; g

A culex larva while fecding (Plate II, fig.4), hanging ‘

down from the surface film, moves forwerd all tle time when g

. its mouth-brushes erc working. Anopheline larvac on the

" other, in spite of thHe fact thHat the currents set.up by the
movement of their mouth-brushes are comparatively much '
stronger than those set up by a culex larva, remain station-
ary whether rcesting againet a foreign objcect or not. Iyengar
(1628) erroncously: thinks that this difference in the beha-
viour of thc two typces of larvae is duc to the presence o
paimate haire and the bilobed organ on the prothorax of the
larvac of Anophelini. He says 'it is' believed that the 7
thoracic appendhges by holding on to the surfoce tension

act as anchoring-organs to maintain the larva in a constant
position and withstand forward creep whilé working the mouth-
brushes and setting up o currvent in witer:' The surface

£ilm of water is not @& tangible objecet and no structurc on

the body of any aguatic animal can hold on to. it in suech a-

.way as to prevent movement taking place’ 2tong the: film. .

When any structurcs:on the body ofthe larva are -holding on

to the surface film, surfocc tension saves the larva only

from sinking and doss not have any effect on the movement -

of the larvac in a horizontal direction unless the larva =~
‘happens to be noer o dry or o wet floxting foreisn objoct. ™

* The roal reason of the difference in the -behaviour of a cu-,

iex and an anophcles larva lies 1n the faot that while Tood~

ing at the surfacc differcnt types of water novements are

sct up by the two. In culex larvae feeding at the surface.

by the movemént of the mouth-brushecs, wator 1s drawn up

from below (Plate II, fig.4) as an incoming currcnt and

passing through the meaxillac is shot out pargllel.to the

surface behind the larvee. It is this backwardly dircected }
outgoing currcnt. which propele the larva forworcs whenits S
mouth-brushes arc working. -In anopheline larvae, on the
othe hand, the incurrent comes from below only through a
depth of the larval head (Plate II, fig.2) and striking
the . surface film vuns parcllel to it Towards the head of .
the larva:. This incurrent is in the form of two eddics
(Plate II, fig.l and 3) one on cach side. The qutgoing
currcnt is shot out at right angles to the:hoad "of the lar-
va on cach side and has for this reason no propelling cffect
on the larva which remoins stationary while it ig fecdinge.
When a fairly full-grown larva comes in the direscltion. of the
ingoing current of cven a comparatively much smaller larva,

N
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the former is carried away with the currents produced by
the latter. This 2lso shavs that the various structurcs
of the larve holding on to the surface Film aré not able
to prevent any moveron® aleng the surfrcs film.

1

Food.

According to Purdy (1S24) and to Christophers and Puri
(1927) the surfacoc layer of water contains abundance of
minute orgonisms and i% is on these that the anopheline
larvae feed. The food consists mainly of fresh weter algoe
of various kinds, dintoms, small ciliantes a=d flegellates,
small rotifers and other minute organisms which do not break
the surface film. Only thasc organisms in the subsurface
layer of water, that hrve a considerable povcr of swimming
and are able to resiat the incoming current scot up by the
mouth-brushes escape while all the rest arc brovght to the
mouth with the food currents and arc swdllowed. As has al-
ready been obsorved by many workers, these 1nrvac ars omni-
vorous. They take inh enything thot is brouszht %o “the mouth-~
obening and do not schim H0 bPos&oss any power of sclection of
food other than to reject cuch’ objects as are too large. It
may be said that o sufliciently minute - froely floating ob=
Jeet of any type (organic. or inorgonic, living o~ dead) or *
a weakly swimming omgnniem that is carried %o thoe mouth-open-
ing with the ‘incoming curront will be included in the larval
diet. Crushed lyconodium spores, particles of cermine and
of silica put on the surfoece, of water have been read by " =
swallowed by the larvge and pdssed out in due coursec. When-
over an object too large to be swallowed is brought with the
currents the larva bites it with its mandibles and keeps on
nibbling it $ill cither it is eatoen up or it is carried away
by other currents. The cast off sking of 'anopheline lervae
Keep on floating ot the surface and when carrie¢ by the in=-
coming current to any larva, they arc swallowed in bits.

Anopheline larvee can casily be rcared ‘in the laboratory
by faeding them om crushed spirocyra, & filamentous srocn
alga, or on crushed chara adding a small quantity of the
fresh alga every day or every other ﬁay&ﬂ'Somo-woykerg
(James and Liston) are of opinion that. the food of: anophe~
line larvae consi.ts mainly of minute aguatic arirals and
that a purcly vesstable dict is not enough. for them to grow
on. Barber (1¢27) on the other hand; dealing with larvae
hatched out from sterilized cggs, hag shown that *Algac
alone, bacteria alone; .or.infusoria alone may constitute a
sufficient source of food Tor cnopheles ‘Larvae.?.. He used
pure cultures of o motile unioellula?7gﬁocn~ﬁlga,'pogsibly
chlamydomonas, a large end a small Veriety of spirillum and
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colpidium, for algal, bacterial and infusorial diet respec-
tively. I have also successfully recarcd from eggs a number
of speccies of cnopheles in the laborctory, feeding most of
them on grecn-algae and scme.of -them on pure cultures alone.
It was found that the larvae did not thrive on purc bacte-
ricl cultures (B. coli) and farcd better when the cultures
got contaminated with amochtae. Eyven with pure algal cul-
tures® they did not thrive so well as with a mixed bacterial
end algel emulsion. Larvae, which breed in tree-holes, in
water contained in bamboos {ard probably also those breeding
in leaf-bascs of epiphytic Bromelids), however, appecartes
be predaccous in habib ond dco¥elop much better on animelEs
food, such as crushed flies, etc., than on algal Tood.:
Metz (1S1S), and accarding to him, Smith (1¢14) found:
larvac of crucians and punctipennis respectively breeding
in clear water pools, the bottom of which was covered with
decd leaves. They conclude from it thal larvae may develop
prolifically on decad, disintecgrated plant tissue, but as

has boen pointed out alrcady by Purdy (1¢20)., one cannot

judge by the apparcat clecrness of water alone, whether
living larval food is abundant or not. It has beéen oftcn
noticed that walcer which apprared practiecally clear to the
naked eyc contained large number of microscopic organisms.
Purdy has suggested that to demonstrate this fact, anopheles
lervae should be placed in a watch glass of apparently clear
but unfiltered water (as from o ditech or puddle) and their
feeding process observed under a low magnification. Tt will
be sccn that vis;blc masses of food gsccumulate in the semi-
trarsparent tthroat' of the larva, ang arc swallowed ot the
ratec of 7 to 10 timec per minute. In his experimonts of /%
rearing anophcline larvde on disintegrated plant tiscue, ©
Metz inftroduccs small larvae to sterilized water to which™
dricd and ground lcaves had been added. Various organisms,
both animal and plant, often stick to the body of the larva
and spores of a number of organisms arc verny often prescnt
on dried lcaves. All thesce are bound to develop quickly =
in a culturc medium producced by adding ground dried leaves
to sterilized water. Barber, using larvae rcared Trom .
sterilized cgee and desling with pure culturcs, came to the
conclusion that dead organiec moterial; in culture at least
is far less suitable than liwing orgenic material as a
gourcc of food.’ 4 : .

‘A number of writers, asuch os Williamson (1$26) nnd Boyd
(1€26), have successfully recared arcpheline larvac on ycast.
According to the Iather =—ho ured FPleishman'e yeash, this
diet is much better then algnl food (spirogyra)». In my

*purc cultures of a motile, unicellular green alge closely
related to chlamydomon.s.
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rearing cxperiments I, howecver, found that these are some g
drawbacks in using yeast instead of grecen algae or.chopped
up small insects. When yeast is being given ‘as food the 3
water in the culture pans hes to be changed:every diy or '
cvery two or three days dopcnglng on temperaturc, this be-
1ng~unnocc»sary whilc- using grecn algae or animel food:
Mcreover, it larvae are being recared for the purpose. of col=
lecting larval moults for the study of larval cHaradtors
yeast is certainly harmful as the yeast cells sottle down
on the larvac and ObuCUPO the various utructurO“ prasent
on its body. :

N T
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Coldur.

Many writers arc of opinion that the colour of the larvae -
is not constant and that it varies with the food. My ob-
scrvations, however, do not suppart this conclusion. There
is no doubt that the gut contents showing through the more .
or less transparent body-well do modify the colour of the &
larvac but the actual gencral coleration is due to a layer

%

‘of pigmented falt-body cells lying bencath the epithelial

lining of the body-wall. In some specics, G.ge, barimonsis,-
the pigment in these colls is s0 dark that the seging of gut
through 'this layor is out of the question. That the nature:
cf’ the food has no appreciable effecet on the colour of lar-
vae is clearly shown hy the fact that larvae of a number of
spcetlies, although rcured om-nmore or .less: the saome Tood and -
under the same - conditions, yet developed the different co- :
lours they have in nature. Tarvac of barianonsis Were very i
dark grey while thosc of stepliensi developed a pale greenish
yollow pigment and culicifrcies were pdle grey. 8imilarly
lindesail were dork groyish green while turkhudi werc pale
yecllow. Among the other spcecies rearcd were superpictus,
gscrgentii, pulcherrimus and maculatus, all of which de- e
veloped a different coloration from one another. i
The various silvery spots found on the dorsal surface
of larvac of many specics arc due to the doposition’of some
crystallinc substance, probebly cxcretory in natureé, in the -
epithelial and uub—aplt1ollql laycer's of thg body-wall in &
localized arcas. These spots, however, fail to appear in '
gome species when reared in uhe laboratory.  That these
spots too are not offceted primarily by the nature of +heo
Tocd is scen from the circumstence that A. dthali and A, g
superpictus larvac althonhh rearced on the same Kihd of Tood
arc under the same coanditions developed spots which d?fforcd
in size and disftribution in thé two 39001cu and in A,
gentii, reared along with thesge two species under the same
conditions they were altogether abscnt.

4;"“*1
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Durdtion oﬂ‘lafval iife and'moults,

Except in /certain spccialized species, the duration of
larval life varies from seven, days to seven weeks dircectly
depending on tempercture and the amount of food available.
During the summgr months in muwt of the up001oo in 'India
it lasts from 7 to about 18 days, while in winter it ex-
tends' to about two wecks -in South India but between three
to seven weeks in the coWdor regions. The type of fopd-.
supply also seems to have some effcet on the duration Gf
larval life as, according to Boyd, two batches of larvae
hatched out together from the same batch of eggs, one fe&
solely on spirogyra und the other solely on Fleluhmhn'
yeast, took over a month and ¢ to 13 days reupoctwveTy to
redch the pupel stoge. ‘In spacialized species, i.e., those
breeding in three-holes, the durction of larval 1life is
very variable, often extending to over thrcc months (co-
peclally during winter) and is comparatively longp“ than
1n species brecding in open pools. This' scoms to depend

mainly on the pcculiar habits of the larvac and does not .

&ppear to be governed by temperciure or thé amdunt of food-fu'

qualy available. This is -obvious from the fao ct that the
. larvae of maculétus var. willmori and stephensi took 3 to

6 weeks to reach the pupdal stage while of those. of A, bari-
“anensis, hatched out of ecgge at about the stme tim¢ and
rearcd under the ‘same conditions, had not pup ted cven after
S weoks. ;. i

Frpm the egg to the gﬂnal stage o larve grows in lcngth
from about 0.8 rm. to 5-8 mm. varying Ain the differcnt spe-
cics and with temperature and food-supply. Temperature f
sccms to have only an indircct effect on the size of a lar—
ve. During the summer monthe larva undergo dovclopmenﬁ o~
quickly and hatch into compamatively smaller sdmlts than™
those hatched out of larvac developing slowly d”rwng thé
winter months tut fording voraciougly as usual. That THe
amount of food availgablc has an appreciable effect on the
si?ze of growing larvae can easily be shown by rearing sep-
arately two batches of larvae hatched out more or leseg from
the same lot of cggs simultaneously. One batch is cupplied
with abundancc of food while “the ather fed very sparingly
and the full-grow larvaeé will be seen t0 vary greatly in
their size, those in the latter batch being much snal ler
than those inathc formoe¥.

During its whole lifc a larva passcs through'® four ins-
tars, ccdysis taking placc at the end of each and pupation
occurring after the fourth moult. . At the time of ccdysis

a.larva comes to lie at the surfa ce, a’'slit appecars on the
head along the lateral and pootC“loﬂ bovGOPs of the fronto-
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elypcus, cxtending anteriorly-to the recgion of the antennae,
and cnother slit on the thorax along the mild-dorsal ling .
rcaching backwsrds to about the region of the meta-thorax. -
The head and thoraex are then withdrawn and the body is :
gradually drawn out by slow peristeltic novements. In most
b g of the speecies living in the open, healthy larvae moult
every 2 to 5 days depending on temperaturce but the duration
of any of the instars-may be lengthenced. In speccies breed-
ing in strecams, pools, wells or swomps larvae hatched out
of a batch of eggs dbout the scome time recch: the  pupal stage
more. or less together, the duration of the verious instars
bcing about the some in all thé ldarvee. In specializcd spe-
cieg brecding in trce-holes, i.c., bBerisnensis, on tho other
hand, larvoe from the same: bateh of. eggs reach the pupal
{ stage at varying intervals, so that only few at a time Teach
the adult stuge. In a broed of lervac hatched out of the
same btatch of cggs, more or less simu!taneously some larves _
may -rcach the pupal stage while the rest may still be in .
the first or second larval inst-r. The duration of the lor-
val 1lifc is thus very variable in the larvae breeding in -
freo-holes, some reaching the puncl stage in about throe
*“Wecks whilc others may be in the larval stage even after -
threce months. This retarding of the growth of some larvae
in the came batch, growing under the same conditions and in
the same receptmele is obviously due to the .peculidr habits
P the larvae and not to the effects of temperature and food-
supply, ‘toth of which cre the same for all larvae in that
particvldr batch. Owing to the scorcity of their peculiar
brecding-j;laces, this hatehing of only a fow ddults at a
timec from the same brood of larvac cnsurces the propagation
of the specics. : ~ K

; TECHNIQURE. ;
Prescrving and mounting lerval moulto.

As the whole of this dtudy on the larvae was primarily
corried out mainly on the last larval moults of the various
speccics it will not be out of place to describe the proced-
urc uscd for collectiing, prescrvins and nounting larval i
moults. The Tollowing method was cmployed theoughout:-—

Collecting and preserving.-- From a bateh of larvoe col-
lected from any particular locolity full-grown larvae just
about to pupate are picked cut and gseperated into scts of
larvac having the same gencral naked-eye appedrance, which
is noted down. Larvac of each of the scts cre then placed”
separately in some clogn ‘water in. spdeimen hutes (BT K1)
cach tube having a singlc larva, with o letter written on
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‘the outside with a grease perncil, indicating the sct to
which any particular larva belongs. ©Soon after a larva 3
pupates, the larval moult is transferrcd to a4 small speeci- .-
men tube (14" X Z") by ncans of a medium-sized pipette; the
tube filled with alcohol 70 per cent, & printed nunber ,*
kept rendy beforehand for the purpose, placed inside -the
tube which is then plugged with a small pith-corkt and put
~in a large bottle or jar containing alcohol 70 per cent. A
number, corresponding to that placed inside the spell tubs. =
in which the larval moult is preserved, 18 also written with
a grease pencil on the YIarge specimen tube in which the T " E
‘corresponding pupa is left to hatch out, and the tube cleosed
with & clean dry cotton=wood plug. When the mosguito e
emerges out of the pupa it is transferred to a .dry specilmen
tube and the pupal exuvia put into the small specimen tube °
containing its larval moult placing with it another printed.
number corresponding to that for the larval noult but of
a different colour. After the adulbt has been in the dry .
tube for about an hour or so it is mounted dry in the usual.
way with & printed numbor corresponding to that for the
larval and pupal moults wut of a different colour, pinned
under it. This systom of using different coloured shcotis
of similar numbers for the three stages in the 1life history -
reduced the chances of error to the minimum. ;
Wach of the adults is -then examined carefully and it§
identification entercd in the register against the number
corresponding to it, and where particulars about lLocality,
dates of pupation and of emergence of , imago, . cnd the gan-
cral naked eye appearance of the larvae had already beei
noted. The small specimen tubes containing the larval and
the pupal moults arc all stocked in alcohol 70 poer centwdn
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* qumbers used were 'Watkins' sheots of numbers from L=
10,000 sold in various colours. Different colours wore
used for the larval and pupal cxuvia and for the cdulis=-
pink for larval moults, bluc for pupal moults and ycllow
for the adults. i ZEr A e T

T Pith plugs arc casily made with a cork borer, scldgting -
the borer of a size a little larger than the diamcter of =
the smell specimen tube. Coras are teken out by this orers
cut into small picces, and kept soaKed 'in alcohol 70 per
cent recdy for usc. Pith is much better than q cotton plug.
lecause, blicre is no liikeliloot of tho, various ualrs ou tho.
body of the larve gething entangled in it as they do inj
the case of cotton plusgs.



