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Fig 1 —Humnn trypanosome 1n Gaimbian natise | 2000
Fig z—Hummtnpinosomemtimerat longform v~ ooo
Fig 3-—Human trypinosome 1n ttme it showing long
tudinal dusion ¥ 2000
Tig ¢ —Humn tnpanosome i tune rit from a specimen
taken one week beforedeath stumpy form show
g chromatin granules  \ 2000
Frg 5 —Human trypanosome m time rit from a specimen
taken one weel before death round form  show
ing granules <~ coo

Caumpran Horse Tryi avosour
Fig 6 -—Hore trypmosome  The small  tadpole shiped
parasite 1o the early stage of the disense < = o000
Fig 7 —Hone toypanosome stumpy form 1 timerat X2 000
Tig 9 —Hore trypanosome showing longitudinal division of
tadpe le shaped paraste  \ ~»ooo
T'ig 9 —Horse trypinosome  long form  showing lengitudinal
ision X ©oo
T1g 10—Homse tnpanosome  long form

P1AIE O
SENECAMBIAN TRYPANOSOVFS

Birps
Fiy 1 —Tnprnosoma Johnstons n sp  From the bload of
Tstrelda estreld 000
g 2—Trypanosoma sp ancett 000

Fracs
Tig 3—Tnpinosom rotatorm ¥ 2000
Tig 3—Trvpanosomt megi n sp X 2000
1ig 5 ~Tnpwmosoma n »p % o0o  Showing thrmat
granules extending 1n 1 chun from the centro~ome
to the nucleu
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therr own microscopes, follow all the most recent
work on Malaria and eventually be 1n a position
themselves to ndd new facts to our 1 nowledge of
this important disease

For mstance, with very little apparatus it 1s
possible to undertake many most important re
serches, e g, to work out the ritionale of infection
1 anystition or cintonment, the form of the para
site present  the percentage of adults and children
mfected the species of Anopheles, where each
species 15 found and where 1t breeds the per
centage of each species carrying sporozoits nd
zygotes

In fact nearly the whole techmque of Malana
can be conducted with 1 microscope, 1 few shides
and coverglisses, 1 needle 1 stun some tubes,
pins ind cardborrd  (Vide Appendin)

While our onigunal mtention wis to write 1
practicd gude to Malarnl Study solely, yet the
opportuntties for resenrch on other blood partsites
are so numerous 1n the tropics that we have
thought 1t to be of prictical value to ndd short
supplementary chapters on other Haem1t 7ot and
on the Trypanosonudne, etc
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The Practical Study of Malarm

Chapter I
TO PRLPARE BLOOD I1i1»

FOR ordiniry worl we hwe ny hest tonm
saging that it 1s better tu use W~ 1tely

dry films  {he ady mtyges of wsui, e e
are many —

I They are much less trouble v 1 le
&pevilly under the adver.e condibicnt ca Bt
tocontend with 1n the tropic

«  They need not be Joohed 1t 1 once but
% be put aside until one his the lewure to
amine them

3. Lirge numbers fifty o1 one hundred v
b Glen at once 1 will be lound «onstanth
fesary 1nd eximined weel's cr nonth Jiter
a thing nquite mmpossibie with wet fum

4 They give information s to the Joucotvtes
i this1 needed nd mas be examined over and
O ag un when some new point of view demnnds
AT€ exvmination
" By the use of exceedinglv simple methods

€ routine of blood exmin ttions 117y be reduced
©the greatest symphcity
) Or studying movement delicncres of struc
U"ne for watchimg the process of exhgellrtion
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phagocytosts fertilization, and other phenomena
of the Ining parnsite, 1t 15 necess 1y, however, to
be 1ble to m1ke good wet films nd the points of
mmportince 1 the preparation of these will be
described

Tue Prriaration oF Dy Fiiws

The simplest ind by far the best wiy of
mthing films 1s by the use of no other 1ppratus
than—

1 A strught surgicnl needle About two

inches m length

2 Clewn gliss shdes

To CLEw Suinrs

Shides should be dipped m wnter and rubbed
dry 1nd clein with tsoft cloth ¢ g,1 clewn hnd
Ferchief To ensure the best results it 1s well to
heit the slides 1 the flame of 4 spint Imp, or
smokeless puffin lnmp and 1tlow the m to cool on
1 sheet of cdlean paper I or ordintry purposes this
15 quite unnecesstry  But if 2 perfectls clean shide
1s requured then heat 1t red hot over 1 fline
In this wny grense s completely remosed

Before proteeding to t1ke specimens of blood
the prepared shdes m1y be pliced m 2 smnll
poclet shde bov or witpped 1 1 sheet of clenn
dry white paper  \ picket of Inlf 1 dozen pre
pared shdes wrapped m 2 sheet of note paper,
afternards transfixed with the needle 1s 2 most
comvemient form of cirryvingtthe neeessanes for
tal ing specrmens of blood  The needle should be
an ordinary tnangular pointed, strught surgical
needle  {It1s best to mip off the cye with pincers)
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To Curav tue Pyrieat s FinGer

If the finger of one s subject 15 obvtously durty
and especitlly if dimp with sweat, the finer
should be roughly wiped with 1 cloth If con
sidered necesstry  precautions may be talen to
woid il slin contuminitions by the routine of
water alcohol nd ether but in ordinary exam
mtions for malinal punsites tlus 15 quite un
necessry

To Prich ruc Finell

The lwt phrlans of the finger (the third
fin,er of the nght will be found most convement
and the slin vsually soft) s tilen between the
hnger nnd thumb of the Jeft hand of the operntur
and gently pressed to force the blood tow wds the
pulp  \shght prick watd the tna ulu pomted
needle will 1 most ¢ wes Cruse + fur sized drop
of blood to exude

To Muns it Tuw

Wlhen the diop of blood reiches the sir of
the hewd of a4 smidl pin 1 shde s tilen in the
nght hrud nd lowerdd on to the deop (t1l ing
care not to dab 1t on the slin) I the diop1s
oo Inrge wipe 1t 2w vy nd squeeze 1 smalk fresh
ont  lhe drop should be u wnvferred to the shide
“bout one third mch from the [irend  The <lide
15 then cliinged to the left hwnd the hn,cr ind
thunmb grisping the end nearest to the drop  The
nght hand agun tahes the needle 1nd holding
1t by the ponted end Inys the «vimdrcd shaft
trinsversely to the shide and wross the drop of
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blood \fter wuting ~bout 1 second that 1
until the drop spreads to the extent of about
one third inch between the shde and the needle,
the needle 15 evenly and not too quickly carried
to the nght 1nd s0 along the whole length of
the shde” The nght amount of pressure 1s yery

(e
Fig 1 Authors methsd of making blond flms

quickly learnt and the maling of 2 useful and
good f#lm 1s far etsier n this way than 1 any
other Inown to us (I'ig 1} Immedintely the film
1s made 1t should be waved to nnd fro until 1t 1s
seen to be qute dry  1he quicker the film dries
the more perfectlv preserved will be the red cells
of the blood

Tuc Chirietees oF A Goop I'iLv

1t s 2 film 1s needed to detect even the
most minute forms of the partsite within the red
cell 1t 1s necessary that the red cells be well sprend
out nd not distorted or {ving over one nother
To ensure tlus the film must be umform and 1s
thin 1s possible
2 11ilms should be made so that, if desired,

the lcucocvtes my be differentinily counted
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httle practice wilf enable one to m1l e films with
the upper 1nd lower edges more or less parllel
with the edes of the shde wnd terminating i 1
pointed m inner about half n inch from the ri, ht
hand end of the shide Prictically the whole of
the drop of blood 1s then upon the shide 2nd the
edges to wlhich the leucocvtes tend to find their
w1y are 1 1 suitable position for exanunation
(see differentinl counting of leucocytes p 41}

In the ¢we of tery miemic bﬁmd\ eg,
those of mnlanal crchexia difficulty will arrse
from the film being too thin  The needle 1oy this
cqse must be carried very loosely wnd rapidly along
the shide and 1 tlicher film thus made  When
blood with difficulty wdheres to the shde good
evidence of extreme ntemia 1s obtuned

Tue PrepyraTioN ofF Wrt Fieus

Y wet film s not 50 e1sy to male s 1 dry
film and requires (leanliness and rpdity of
mapulition Wet films are therefore difficuit to
mal e in dusty countries where 1 single particle of
grit will mar the process

Before proceeding to m ke filmo <evertl gl
shides tnd cov erglisses shoutd be carefully cleined
and polished with 2 dry pocket hand! erclief and
wrpped 10 clean smooth paper to cnsure the
absence of dust or grit In mthing, 1 wet film the
result may be mured byv—

1 Too small or too large 1 drop of blond

2 Tooslow mampulition allowing the drop
of blood to pirtilly clot

An uneven covergliss or 2 coverglass with
" minute bubble or spech inats substance
4 Dust of 1y hind
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To Mke v WeT Tien

The s1me procedure 1s gone through s 1n the
cwseof vdry film It 15 well to polish the shde
and covergliss immedintely before use with 4 clean
handl eccinefl  When the exuding drop of blood
renches the size of 1 small pins head, 1 coverglass
15 piched up 1apndly wath forceps, or the edges re
g11sped between finger and thumb, and ~llowed
to touch the drop without dabbing theshin and
agun iipidly pliced drop downwards upon 1
slide  \ gentle tap or two with 1 needle or
forceps may ud m the film formation but the
pressure must not be greit or the corpuscles will
be found Ialed and mnsisible

The vequivements of a surtable wet film are —
There should be 2 central transparent areq shew
g no sign of 1 granular 1ppearance, nd even
looking quite free from blood  If tins appe uance
18 present the film 1s probably 1 good one  If the
centre of the film 1ppears reddish or granular, it
15 useless to exwmine 1t (for young parrnsites) s
the corpuscles will be massed together and the
pirsite not seen  Under the microscope 1 good
flm should shew clear even circulnr divcs lying
side by wide and not overlpping each other It
mny be necessiry to make several before 4 suffi
ciently good one 15 obtnned

To I wrL Tuxs
Tilms should 1lways be labelled 1s <oon 7s
poswsible otlierwise uncertunty and nmoyance 1re
wure to anse  The use of paper Ibels 15 not 1t all
necesesary i routing worl
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1 The most comvenint method 15 that of
wnting on the end or back of the shde with
ordinry 1k This should be quite dry before
plicmg i leoliol  Thert 15 then no fear of ats
tomsng off

- Anexcellent 1ind extre mely simple method
of |nbelling has been described by Dr Powriw
(Bombny) viz — \fter maling 1 drv film =s
dewribed nbove the nime date and other
neccssary nformation e saitched on the film
with the head or point of the ncedle The hilms
used bein,, extensive the writing 1 no way injures
them The first haif inch or wo of the film 15
frequently rther thich and much wformation s
to nume date tempertture etc may safelv be
written on at

To Srorr T

Shide boves m1v be used holdmg the shide
verticnlly  These should be well (leaned out if
mde of wood otherwice fine sandust wccumulates
on theshde A size windh sall jo m the pocdet
and lolds 1bout twents five shides will be found
1 great comvemence for d ulv work T irger be ves
to hold one hundied ot so 1re best for use At home
hAlf 1 dozen of these m1y be enclosed 1 ¢ stronger
outside ¢ e In 1 square foot of space somethin,,
hike 1 500 shides ¢ 1n be stored in thus w o

if no box 16 it hand films may be wrpped
inclean winte paper 1 fold of paper bang placed
betweenenchalide 1 or transmitting hnlf 1 dozen
films or <o this 15 quite the most comenient was
the whole of courst being puled in 1 bos or tn
with wool
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Both fixed 1nd unfived films raprdly develop
moulds in dimp nd hot chmates  Moulds nppenr
1s branching thrends under the microscope A
certun 1mount of mould does not much 1nterfere
with the utihts of filmsif they are intended only
for detecting the presence of parasites, counting
leucocy tes, ete

Unstuned films ept for six months or more
stun ns 1 rule badly, and wre not of much use
Stauned films (1s we shall see, without putting on
Candt baleam and 1 coverglass) wall shew es
cellent results after many years  I'ilms that have
been unfived 1t the time of mahing and that may
have subsequently become damp, will have therr
red cells destroved, but the parasites will still
stin

The method of wrapping ones shides up
pper (after duly labelling) 1s 10 practice the most
comenient one especially af travelling, when not
uafrequently boxes of shdes sufler much dimage

To Ix TiLvs

Until 2 film has been ‘fined 1t 1s soluble i
water and will be immedintely washed off 1f
plced in water or wny «atery solution of 1 stun
W hen fived 1t 15 nsoluble, 1nd my be treated 1n
almost amv wav without destruction  T'hcept
when using LEisHvAN s combmed fiving 1nd stan
ing solution the film must 1lws be fived

On returmng home or to the Itborttory place
the films 1n 2 glss stoppered oy hindniead jr
about four nclies lngh and one and 2 half mch
drameter contuning absolute alcohol  When 1
number of shides are tahen they e plwced mn
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hnown order and 1 blanl one dded at the last
toayoid the possible mistal e of reversing the series
A few munutes 1s 1l that 15 necessry if ones mn 1
hurrs  Otherwise they may be left 1n from one
half to twenty four hours 15 m1y be comement
They nre then tihen out allowed to dry, nd
plhced 1n series m 1 shde bov nd labelled s
destred

There 1s the possibility thit absolute 1lcohol
may not 2t times be obtunable Other fixing
methods re —

1 Methylited spints  (This s 1n fct quite
adequate for the hning of blood films in the
“bsence of 1bsolute alcohol)

2 By the use of Leisuvans stun  (The
stain 1tself contuns the fixative)

3 By heat Heating to115°— 1.0 for half
an hour to 1n hour on 1 copper plate gnes very
benutiful leucocyte preparations with Luriscu s
stun This method requires ¢are nd 1 copper
plate for heating theshides It grently pushed one
may often satssfctonily fix by passing the shdes
several times through the flame of 1 spimt Lunp

4 lor other methods 1:de Appendin

To Sran FaMs

A Iarge chowce of methods 1 usunlly grven for
the demonstration of the miwnnl parate n
blood lhere » one stun however <o much
more strihingly effec tive and generally satisf ictory
than other stuns that for routine us¢ no alter
mtne method nced be conmidered  This stun s
Rosanowsky schromatmstun  the modaficttions
of I tisunan will abso be found simple and cert un



10

In some circumstances the one will be foun
more comenient, 1n others, the other DBotl
methods are therefore given  The mahing up o
the stun although apparentls rather complicated
1s not m rethty ~o and the stauming of blood film:
15 one of the simplest most rapid, wnd certun o
methods It 1s useless to attempt to prepare the
stun unless suitable metliylene blue and eostn are
obtuned  These stuns are ven mexpensie, nc
the onlv care necessary 1s to order the exact stun
from a good firm (C "Barcr 244 High Holbormn
London)

By the use of Method 2 the stuning of blood
filins 15 o stmphhied that 2 bottle of stun and 2
supply of water 1s 1l that 1s necessary for the pro
cess  Process No 1 however 1s 1n some ways
very comvement nd rather more certuin and w7
largely used by us

VMethod 1 The following mterials are
necessary for the making of the stun, viz —

Medicinal methsylene blue
Fosin extri (B A or A G )orsimply pure
eosin for blood stumnyg
Sodium carbonate, pure
Two stocl <olutrons wre made —

Solution A Methylene blue 10 part
Sodium cathonnte 0 5 parts
Water 100 parts

The solution 15 then placed 1n 2 hot incubator
or by the hitchen fire or in the tropical sun for
two or three dwve Dy this time 1 deep purple
colour will be noticed nt the edges of the hquud
The colour depends upon the formntion of 1 new
red body which combined with eosin forms the
active stumng principle of Roviwvowsky  Until
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the purple colour 1s developed the solution 1s quite
useless
Solution B Fosin 1 part
Water 1 000 parts

1 or st uming these stock solutions 1re diluted
onen twenty respectively with water ze five
parts of the stoch are made up to one hundred
parts with water

To Stam —Equal portions (qbout four ccj
of exch solution are poured mnto 1 porcelmun or
any other comement dish - Miv by shahing and
put the shdes in immedintely  The amount of
stun required, once me wsured m1y be marl ed on
1 glss tube with 2 piece of gummed paper 1nd
15 thus always ready  On rocling the solution
m the dish 1 red stam will be seen at the wudes
ﬂn?l mndicates that the stumng » proceeding
wel

T eawe the shdes 1n the stun anyv time from
ten minutes to half an hour or longer  Wash off
the excess of stan with water nnd nllow them to
drun or drv them with blotting paper but do
not drv them by heating over 1 flame  The red
corpustles may e A blush tinge This cn be
got nid of 1f desired by wshing 1 water or veny
rapidls i equal quantities of spirtt ind w iter

Placed under the microsope while still wet
the blood platelets should appear s ruby red
granular masses 1f they are bluish the film should
be reptaced in the stumng <olution

Slides may e decolourized to any required
extent by sonfung 1 water an fut o left long
enough the stun s entirehh washed out  Such
ip(umen cm however easily be stmned 1 second

me
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The exnet porition nd relations of prgment
are best seen 1n specimens hightly stuned ns deep
Rovuwowsny stumng may completely obscure
pigment

Method 2 Lurismvan s stun —

Litsmvaan s stun consists of the product of
mter 1ction of the eo in and the meths lene blue
of the first method

Mnkhe the followng solution, vtz —

LEISHMAN S stun © 15 grammes
Metin I ~lcohol 1000 cc.

Plce sufficient solution on the shide to cover
the film, and allow 1t to stand for about haif 1
minute  \dd about twice a5 much water  Mnn
by moving the shde to and fro, or stir gently with
1 gls rod  Allow 1t to stun five minutes or
fonger

The stun 1s 1lso sold in the form of solowds’
(bv Burroteus WeLLcovE & Co ), each ‘soloid =
oor, grunmes If 1t 15 umposstbie to procure
metln] aleohol (pure), dissolse the ‘soloid m
methyInted spint (ten'cc ) and proceed s 1bove
The results got with methylted spnt are per
fecthy satisfactory for dingnostic purposes  This
15 1 most com enmient strun, 15 1 tube of soloids
and some methylnted spint 1s all that 1s required
There 1s no prelimmary fiving

\fter vome minutes the shde will be stuned
The sime red scum and precipitate are scen 1§
i Method 1 and are of the sune simificance
The shide should, w hen staned be washed in wter
and allowed to remun in this for @ minute or so
Tlus intenstfies the Rovanowshy stumng and
removes the rem uns of the deposit  The red cells
also by tlus process are changed from greemish to
funt pink
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To obtun the most brlhant results with
these stauns 15 perfectly easy and no one who has
used them will, escept for special 1casons e
wy others 1t present 1n use

The wdvantages of the Rovianowsay stun
(erther methiod) s stited by Lrisuvan are —

1 The great benuty 2nd brlliney of the
stimning

2 The greter certunty of the detection of
young forms of the parisites

3 lhe esc of applicaitton and certanty of
resuft

The stunming of the red cell in sumple
tertiin {(ScaorrNLe 5 dots)

In mahgnant tertinn also a peculiar stammn,,
of the 1ed cell 15 “ometimes seen  especindly
m overstuned specimens not washed too much
It conusts of corrse blotches or clefts and the cell
10 15 4 whole stuns 1 deeper tint than the
surrounding, cells
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Chapter I

NORMAL BLOOD ™

Itisdifficult without considerable experience
to hnow exactly the interpretaition to put upon
many Appetr inces seen 1 blood films under the
microscope  The less carefully the filn 1s prepared,
the more numerous are arbfects and vanous
contaminations all broadly included under the
designntion dirt and until one 1s used to recog
mze these mustihes from this cause tre extremely
likely 1o happen There 18 no way to get over
this difficults except by expenience  After 1 timne
however artifects and “dirt ¢ainnever be mistal en
for 1 parate

We mw pomt out some of the utifiwl
ppearinces that may be encountered —

1 I any portion of 1 film the red cells
sliew s double outhined circles or huve 1 central
spot or indeed give my other ppewnce than

I m g t dap me -
C e mr

Thel daph gmp tiyc ¢

Th cod  emyber kedd w 4 p sedwih

z
3
F ot dpm
; The ' ke p
2 Th ftm 1 .
Th 1 ¢ ph om im twd pen
A Kep pepe mthtbe feb merscy [0 vw teh ather
wd toprev ntd t gett 11y wpth loffith olmmys 14
wth fel piblept g wy A luwm 1 gen lykep
q whontherpsep Tyifmu
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that of perfectly umform dishs thrs portion of the
tilm ~hould be passed over 1 the whole of the
film 15 of thus character at should be discarded

2 It 15 well to hue hd the parwite
demonstrated to one both freshnd st uned  After
tns hittle or no difficulty will be exvperienced
recognizing the parwite when it 15 really present
Should there be s doubt the object seen 15
probibly not a parasite A pirasite stuned pro
perly by the Rovsaowshy stun his twavs 1 blue
body with 1 bright red dot or dots nd 1 more or
less clear unstuned wiitish (v wuolic) arer Us
definzte outline wlhether airculir or elongnted
<hould be quite cleurly made out—then no pos
stnlity of mistal ¢ should e

3 Artificial bodies in the red cells are ener
Ally to be detected by thar occurrence 1 nearly
every corpuscle 1 one portion of the tiddd wd
not w wmother  Wlien yrealls well spread portion
of the filtn s re whed they e no longerseen A
common wtifect of thes ntture v vsmall orinul o
ms stuned teddish apparentls 10 the red cell
1t 1s Crused by the st umung of 5 wuoles an the cll
The bady has 2 grmule wppeweimee but the dlue
budy ted spot unstuned uer and dlear cut out
line of the prrasite e qurte wantim,,

4 Infresh speamens crenthions or vacyoles
my simulite voung nn, piraates 1t s how
ever impossible to get L clearly defined edge to
these by focusaing Cuen wians ppens A il
dots1n one focus  d 28 bright dots in wnother
Y acuoles e not the pecahir Jook of voun,,
parsites aind cnnet be dearly foruseed

Masses of bright yellow sl brown pigment
derved from the <hin e common in films mide
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without clennsing the finger They hve no rela
tion, however, to any surrounding parsite
Micrococer yeast etc, re commonly found m
blood films, especinlly 1n the tropics I urther, we
he found from much experience that the com
monest bodies to mistnl e for pirsites are platelets
and strange tos1y leucocyvtes  Platelets (stuned)

M Plosar

Teg 2 Normud constituents of Blwa —
VM = Mast Lencocyte

m1y show 1 great sarety of shipe They may
be sausage shaped, oval, or elongnted, or they may
\ary m size from 1bout one fifth of 1 red cell to
mAasses three or four times, or even more s gre it
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a the red cell  1rcquently, 1o phitelets e
surrounded by whit Jooks hhe 2 defionte e
outling  Lut ¢ closer ex immntion will show thu
the yewemblince to v prrisite w» only superdfioaat
‘The mss 1s gramular throu host o puoite o
pot 1he st unsng s umlormly reddish or blob
Dlue nd red st s not dinaded 95 0 the pursite
between 1 definite Dlue arer md 1 definste ged
dot or dois

Lemcooytes  we hase sud e Ao ot
uncommonty, {xhen for the Dirgtrforms of p mates
{r o grmetesy, but only 1 benner coudd possably
mhe <geht @ omustihe s the dewcanyies e 1
Pt denely stunmg, mas of wd (the nulews)
formng, + tonsiderible proportion of the whole
cofl mass whereas i the g oumeres there w only 4
ptehor wo of red inudst Ahe bhue

Duston the eve prece s 1t omee detucted by
sotiting the eve preic when the bodv snfis s
position

i Norvar Cosstinnints oF tin Bioon

Norm it bload should be arefulhs studied m
fresh mnd stand specmens

1 fhRe@Cadly WathRoyavow sky S stun
these e onhy Tunth stuncd reddinb (Metbod Ly
gecensh or Bhush mcolour (Methnd 2 Bhor
Wppaent size e the Aso U they cerups when 1t
tened out depends upon the thchnes of the B
it well mode than tidos thes e Fage md stua
with bowtfal wniformits o fresh speaimens
(net fihos they ought to ppowr s porlect
wnformby st eoloured dises i crenated gt
unpossible for the b amncr to detect parstes

[
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2 Lencocytes —The following types should
be clenrly made out in stuned films —

The Polymorphonuclear 1 eucocytes (I1g 2)—
These wre very charctenstie, aind 1 referencd to
the dingram will mike their recogmtion esy It
will be noted thet they have 1 very rregulic
nucleus tnd fine grinulations (staned red by
Roviinowsky)

The Swmall Mononuclear Lencocy tes (g 2)—
These the lvmphocytes, are rendily seen ind cn
scareely be mustahen for other forms  Therr ap
penrnce varies somewhat with the thichness of
the film The thinner the film the larger they
appetr nd the greater the arer of protop!sm
surrounding the nucleus  In typical forms the
nucleus 1v dark stuming and nearly spherical

In wet films 2 proportion of these cells shew
v durl refractile <pot (Minsovs <pot) winch
mi ht be mistahen for 4 pigment granule Lut s
we shillwee Liter they ¢ innot possibly be confused
with  tvpic il pigmented leucocyte

Lhe large Mononuclear I cucocvtes (g 2)—
It 15 well to et thoroughly Mumlinr with the
ppetance of this type of Icucorrte 1w the per
centige of these s of jrent dingnostic import ince
m malann

{vpul liuge mononuclewr leucocites re
readily and denrly distingmshable  They are the
leuc oy tes which may contun malanal pigment,
wnd the recogmtion of 1 pigmented leucocy te ives
2 clear 1den of their chare ters

() They we m thun films of consyderable size
half 1 much gam to twice the sive of the small

(n) The nucleus 1 large oval eccentric not
nearly 5o dense 15 10 the T1s¢ of e smil~as 15
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»
shown by its less intencc stuning They 1lso
present indentitions givang 2 partly bLr lobed
appenr nce
(1) The aren of protoplism sunioundm,, the

nucleus 1s considerble 1t 15 clear and cont uns
at most 1 few scattered grmnules (Rovasowshy
stun)  The onls difliculty will be found to Are
i the cave of 1 compartively small number of
“intermedinte  1nd  transitiontl leucocs tes

Inteymediate Ieucorvtes {1g 2) —Ilhewe e
forms intermcdinte between the lrge ind smdl
mononuclenr forms  They e usudh chissed
along wath the Tirge forms the dinrwtenstics of
which they generally more nearly tpproch

Transttional Lenencvte (In, )~ IThese e
wery dirctenstie wnd when scen will be at
once recomzed  In<hpe the nucleus pprocdes
tht of the poly morphonudle i fornis b, trident
shaped or & shiiped  In consistence however ot
15 abviously reluted o the nudder of the Tugc
mononucleir cells o Urule these cddbs e small
m numbcr nd from ther close esembl e to
the Jirge mononudderrs may be included with
these

Tostmophsl 1 encocvies (i, ) the nrpe
grmules with winch these are puled sufiee to
distingmsh them The granules e stuned pink
or blue (penipherally) by Rowasowssy Tk
nucleus in the cosnophil cells 18 drequenthy
chrctenstic consisting of two spheric ! portn ms
unrted by thn strand of nacdear mtennd ot s
really of the polymorphonucle i tvpe

Mast Ieucoertes (F1g, o My These 1t film
stuned by Rovuwowsay are cells crowded with
gruules stuned deep blue or newly biuk
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These cells occur as 1solated specimens i norn 1l
blﬁod They form 1bout o 5 per cent of 21l wlite
cells

3 Platelets (Tig 2)—Bodies of + wious
sizes up to one third diumeter of the red cell
nearly ways lyimg i (lumps of from siv to fifty,
and stuned brght cnmson They often show a4
considerable 1mount of differentinl stunng, but
differ entirelv 1n appe irance from parisites more
espeatlly in hwving no blue stuned mnss  An
isolated platelet ving upon 1 red cell may
simulate 1 parsite Tor the difference between
it and @ parwsite tide nbove platclets often
occur 1n large numbers mcases of malart and,
perhps, especinlly in blnel wAter fever

4 Blood Dust or Granules —Small granules,
smaller than micrococer In fresh films they exhibat
“ctive motgon (? Brow min)

e m it 4 Aot
Tig 2a

£

Among “bnormal constituents of DLlood we
my mention —

1 Nucleated Red Cells —In conditions of lossor
destruction of blood cells e g malant it 1s com
mon to see nuclented forms of the red cell in the
blood Thev e chartctenized by 1smnll globular
nuclens with sometimes one or more httle buds
ot uming almost black with Rovaonsiy I the
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film be counterstuned with cosn the fact that
the surrounding ple are 1s red cell wall become
evident

Two forms m1y be ~een —

(a) Normobluwsts te nucleated red cells the
size of 1 red cell {Lig 2v)

(b) Mepnloblnsts 2e  nucleated red cells
much Inrger than 1 red cell {Thg o)

Q9 @

Afvelocyte
I 1

Normoblasts are  the form usually ceen
M loblasts 1n excess wre found in permictous
annenn

2 Deformed and Small Red Cells may be seen
—These 1re known s porhilocy tes ind macrocy tes
They 1re common i severe 1nemins especially
pormaous memn1 Itoas quite exceptionnl to
find deformed cells m Blud water fever The red
cells are generally quite norml an <hape though
aniemu in v arying degree

3 brormal I cucortes —Under certun <on
ditions e g mudant but especitlly myclo,enous
teul wenmn abnormal leucocvte forms  we seen
which normthy we only found an the marron re
myelocvtes  These belong to the lege mono
nucler dass md mn beof two kands ather with
Trge cosmophil grnules 15 n the cosmnoplnl
ccll or fine newtroptu! grinules as i the poly
morphonudlenr leucocytes (g 2n)  If large
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mononuclear forms e scen  crowded with
grnules films should be stuned with Luarricns
toinad stun, in order to accurately determine the
forms of leucocy te present

4 Trequently m malwnn films (stuned)
Inrge open meshworks of nuclear matter are scen
with httle or no surrounding protoplasm  These
are degenerited or dropsicl leucocy tes, 1nd often
occur i great numbers

5 RedCellsteath I ougWWavy Processes —These
are seen espeally in anaemie bloods after the
fresh ilm has been under examination for some
time  Thev ocensionally brenl off and flont 1bout
Shorter ind more granular processes emitted by
the red ol are even commoner

6 Turther we must point out M evtri
ordinary appetrnce of the red cells m staned
films o far - we re 1w are not hutherto described
In w wmi (malanal) bloods we find red cells ten,
thirty, or forty times the diimeter of 1 normal
cell ind these huge swollen structures shew At
one side 1 crescentic ren wineh s granular, and
1« the onls remamng paet of the red cell th it em
be recogmzed the remunder 15 practicilly un
tuned  These gignntic structures may or my
not be occupred by parsites
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FHE DIITCHION OF THI MAT ARIA
PARASITE

Tawvanne Toe Tiv

After stunin, and drvin, the film 1~ reds
for cxamunation Vo Can ida bals i or cover sy
need be applied A drop of cedar wood ol
placed upon the film wnd the osl immersion low ered
mntot

After the ¢x iminwion 1s completed of it be
desired to Teep the film the cednr ol 15 dissohved
off by dropping + Litle \wlob over the film md
allowing this to drum off wnd then to dry - \lter
drymg the film can te put vy and hept in
dchmtely I not necded the hde s plwed on
one stde with othees wd eventuathy e ined

To Creas Dipy Stors

1 Rubwith turpenting (henzine or svlol to
remoy any Adherent ol

2 Wash with woip ind water

3 Rmse vt

4 Drvoand rub well with 1 don eth
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Fur Drirceriov o Tar MaLaria Parasirr

We propose to descnbe fist the nctwal
ppernces windh are likely to meet the eve, and
Inter to ginve 1 systemntic description nad mode
of dtingushing the vanous forms of parasite
4 stuned specumten (Roaanow siy) should nlways
be used for the purpase of making 1 dingnosis

B
U

$y U~ Um 6 af mi L foms
'

(>

[N 0 by R ond b dy

Tig 3 Tormsaf the malira pavosite commonly metwath an the
tlond —The dark dots w the first lme represent chromatin
the fine dots prgment

We myy first note that 1t 15 not necessary, 15 18
ofttn thought to txamine the blood at ansy par
ticul v tune but it 15 very necessary that the
patient should not hve tthen quinine previously
Iven fine grams of qumne may so dimmsh the
number of parsites 15 to mike detection
Inborious t1s] and 2 pegatinve sesult undec these
conditions 18 not conciusine
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In extmining the shde 1t 1s 1 very convement
method to begin 2t the edge of the film and to
work systematieally towards the tul end

Ihe following forms of parrsites mun Le
seen —

(1) Smll forms laohing more or less like nings
or stamed streal s lying cross or apprrently stuch
to the side of the red cell

N B —I irate free in the plismy e practically never
seen

(11) I arger stuned bodies of various shapes
and «wizes more or less filling the ¢l

(m) Crescents or lirge round or oval bodies
with 1 cluster of conrse pigment pliued more or
less centrally

1 Ry Forms (Ing 3)—These may be
quite smll one sixth of a red cell in dinmeter
or much targer one thurd in dinmeter

Rings are parisites of very distinet outhne
ind stracture  The part of the parsite that wall
first be noticed in 1 Rovravowsky speamen wall
be the red nudleus {chromatin) v dlearly <t uned
bright red dot {or dots} Tlis s generally situnted
on the margin of the blue fng which s eqully
distinct in outline  though often only 1+ Munt blue
The blue ring enc loses 1 unstamed yvcwolic aren
These nngs stand out o sharply that they 1ppear to
project from the coipuscles  The red dot gener
ally forms the wignet of the nng (wgnet forms)
but abo my occur 1 the centre of the vacuole
1hc red nucleus or dot s often alsa rod shaped
or angular  The onys miw shew 1 very funt
blue outhne or 2 thacher portwn on the wde
opposite to the nucdeus
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Though generally ealled *nings  these para
sites qre renlly dises, or stucer shiped bodies,
ndhering to the sides of the red cells

Besides these young nings, we hae irregular
forms of conwiderible varety, ¢g, 1 merc funt
bluish line stretching across the corpuscle yet
alwys shewing somewhere 1 red nudcleus, or
mere stre th along the margin of the red cell, with,
howeier 1 red nucleus 1n the blue protoplism
(1ccolé forms)

1 1nliy,no smallstructureshould be dingnosed
1s 1 parasite unless 1t 1s clearly made out thit 1t
has three distinct parts

(1) A red nucleus

(1) Blue protoplhsm or body

() Y vacuolic aren within the nng (in the
irregular forms this cannot be distinguished)

No confusion can then possibly 1nse with
platelet or stuned v acuole or dirt

A nuclented red cell hs not these charcters
Nor agun, s 2 red cell shewing polychrome or
basophilstuning z e « purplish or bluish mottling
Allover Infact no other body has the definite
quite ensily distingurshed charnctenstics of =
parasite

2 Large Intva corpusculay Torms (Thg 3} —
They appeir 1s more or less extensiie 1res of
blue protoplasm, with one or more distinct red
arens  Pigment mny be seen scattered over the
parnsite  These lurge forms re generilly simple
tertin or quartan parsites

3 Crescentand Cyescent devited Bodies—These

wre most definite bodies and readily recogmzed
by the conrse pigment granules centrally situnted
The presence of this pigment should absolutely
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preciude the possibility of mistahing distorted
red cells crescentic 1n shpe or 4 crescentic mass
of plutelets for parwsites  In neather of these 1s
there 1 defimte centrtl migment mass nor should
a forugn bodv be mustiken for 7 crescent
Moreover crescents agnn h ne quite defimte out
lines, and shew 2 red sttuned centril portion and
blue extremities

.,
4 .
Cd
Ly, 38 Tigmented I arge Moncnu lewr I encocytes

The same critert 1 1pply to the spherical form

of the crescent
Pigmented [ encocvtes (Mg 33) —Luge

feucocytes wath A large nucleus Pigment (mel wnin)
may occur seattered 1bout the ponphery of the
cell orm hittle (lumips or even 1 vers fine pow dery
rruns  The pgment s brownsh blwk m colour
Shin proment my be sconam epithehum scales or
fiee m the plmy but the defimte postion of {f
the pigment i the protoplism of the lcacacyte !
charetenizes melamn

Aprpraranees i v Lirsn Serciury

1 Rines - The very smali forms of thes
are char wterstie of mahgnaat tertnn infection
{hev measure about one <eventh the dinmcter of
aredcell A nng s charwterized by its rther
opaque wlite look 1ts very defimte contour md
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and 10 1 moment three or four or more prle, long
processes e emitted  The red cells all around
are put 1 motion by thewr violence wnd 1t may
be onlv ifter 1 time when the actinity has grown
less that the flagelln are etually scen Nodowtiey
will be observed 1n the flagelly, and ocesionlly
1spech of pigment at their extreme end  The
Mgeilv after 1 time bre th off, but they hasve
only once by MicCaLLung, been seen penetrating
the femnle gamete

Under certun unl nown conditions the cres
cents do net become sphenical and eventully
flagellnte, but remmun s crescents

Breithing on thie shide, adding 1 trace of
wuer et hue been recommended to produce
the <hinge more cert unly but 1t 15 probable that
the re 1l cauee lies in the state of development of
the csescent for cort un observations ¢ ¢, thowc of
Magor Bueaanan TNIS shew that thereis ncertun
tume (ter the fever when 2 mvunum number of
gunetes ﬂ"(gcll'ue’

To 5tun CLaceirarep Bobis

1 When flagellation 1 observed the cover
gls 1 removed s cucfully s poswble nd
slide and coverglws e then fived and st uned
with Rovinowsiy

- A number of rther thick drops of blood
we pliccd on tseriesof shdes  These e mverted
over rectangulnr holes cut i bloting paper
momstened with water and spread on vshect of
alws  \series of moist chambers 15 thus made
A dosen or more films 1re mde 1nd cich one 15
removed At intennals of five minufes, doed
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(spreading out somewhat if necessary) fised nd
stuned with Rosnowsiy  or dry the thicd
film, decolourtze with water stun with Roww
oishy (without Dinmng) as 1 Professor Ross
method of making tlndd films

T lan
n
€t oal
TN
T4 Ihethve pa fMdmid ] oosie

o Drrrrwie ol Strairs o Paasm
Prisrar

hree forms are ricogmzad - simple tertin

mil,nant terton ind quartin

e mahignant

tirtinn can sy ¢ shall see produce 1 quotadiin
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tempernture. with only 1 single generation of
prrates  Whether or no there 15 1 true quo
trdinn pirasite one or more, 1 extremely doubtful

1 Minute rings one sinth to one seventh
the dinmeter of 1 red cell, showing the signct
1ng shape, are charactenstic of mhignant tertinn
(Iig 4

2 I uge nngs —If, when the tempertture
of the patient 15 still high the nngs e of con
stderble siz¢ one fourth to ont third of the red
cell they e probably, simple tertitn or quartan
If on the contrary the tempernture 15 low and
the febrile 1tt wh fimshed these forms correspond
to lully developed mahgnant terhian parsites

The luge mahgnant terinn nings hue 1
charcteristic appewrance They tre ecal wath 1
thicher Twer of protoplism (blue) opposite the
nuc feus {red)

I uge forms with conwderble bluc
protopl tsm 1nd with pigment grinules, are prob
ably wimple tertinn or quartin

The tertinn parsite 15 an arregular wd
fnmsy Jool ing body and the medium wizes may
show severil peeudopodin ([1g 4) Pigment
18 s attered throughout and 1s actinely motile
while the quart m parnsite 1 ov 1l or globular of
compuct apperranec with duler, cotser pig
ment shewing but slow motion (L1g 1)

Lhe enlai ement of the cell i which the
ample tertinn hies 1s nco very characterniic

In 1 well stuned speamen we huwe the
further chwnctenstic differences

1 Stmple Tertian —The cell s dotted
over with fine red granules (Scuorrary s dots)
these cells stuhe the eve dunng the microscopic
exumination nd e diignostic (g )
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2 Malignant lertign —Inspecimens decply
stuned with Rovavowsny  the mahignant tertim
presite lse produces chinges 1o the red ol
(g 4) These conwst of (onme dots or
cefts especilly tround the parnsite They e
few in number and tre equilly (haractenstic of
this punsite  Fheir apperince 1s quite different
from ScioreNer < dots

Mwutir recommends the following method
of developng them —

10 drops of methvlene blue (stoch solution)

+ 25¢c of tap w ter
15 drops of eoun (stoch solution) + «y 7
of water
Mivand stun for five munutes shido wtndy
the whole time

: -
<wp /(g‘\f 3, /v?
Sake \@9 gt
& ~ 83
Aesns
t 2 3 +
1V Ogd ti1 ] pastes segm niin | ros
2 Sumpl { ruan
3

ALthyn ot Tertun
4+ Qutdon (after Ziraaay)

Tig s

3 Oxartan The red <ol shows o altaed
stunmy cdhrutes but 1t may apperr aven
smatlee than normd The parwate s not irregu
L shape but comput oval or globulw  (In
the feesh specamen the paraite s sery relrctile
and his 2 pecubinr opague tool ) (F1g 4)

D
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Ihe finding of crescents, v, of course, ding
nostic of mihignnt tertinm, but the posabihity
of 1 double mfection e g, simple nd m thgnant
terts in must be bome m mind

We have so far descnibed the forms generlls
encountcred during 1 febrle attach “wnd the
meins of miking 1 dignosis but 1t 1y necess iy
to consider other forms ¢ ¢ the sporulting form<
and more especially the gametes

Sporalating Iorms —Besides the sporultting
forms or segmenting form~ we ¢ recogmize 1lso
the presegmenting forms 1 wiuch the prgment
begins to collect mnto 1 single miss and the
chromitin gets spht into 1 number of fr rments
These are even comumoner than the findl or
sporuliing forms 1 winch the scgments or
spores are arrnged 1round 1central mass, though
frequently liere also the appenrances do not cor
respond with the digraimmatic exactitude of the
text books  The <egmenting nd presegmenting
forms ire best seen 1n 1 ¢ase of regular quartin

Quaitan Sporulaten, Forms—1he mgment
1 plued centrily or often Intertlly, 1nd grouped
around 1t (1 be seen several six to eight «hro
matim masses  In the presegmenting forms the
pigment has not yet candensed 1nto 1 single blo K,
and the distribution of the chromitin masses is
still irregular  In fresh prepirations the typieal

dusy forms can be clearly seen (135 5)

Stmple Tertran Sporulating Forms ~—Hcre the
whole pirisite mass 1« larger, nd fifteen or more
chromatin  segments ¢ be  distingwished
(Ig 5

Malignant  Tertian  Sporulating  I'orms —
Rarely seen tn the urculttion  Thete are eight

e b rhramatin maseoe et o3
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Stmple Lertian —The young forms wlich
under certain unl nown conditions also ippetr in
the urculation are chiracterized by the [et that
the chromntin 1ppe 1rs 1n the centre of the vacuolic
aret (Rucr) while in the wesual forms (schizonts)
1t 15 apphied Iternlly

\\/ |
O & sﬁ !

» 5=

S
Nafou \

LN
Sy Tt -

TR € Male md Femile € mmets (after ~ untiinng

Fhe full grown gimetes tre much more ensaby
distinguished The femnle gunete (@)1 chaue
terized by the possession of much protoplh emie
matter stunmg deep blue with Rovnowsky and
little chromatin 1n the @ the chromntin s Liter iy
pliced ind 1 generally sarrounded by thin
vacuolic wrea the prgment 1s blwh n colour  wnd
1sarregularly scattered over the whole protopl wm

e

Themale gimete (&) The chromatinis more
volummous than an the femle 1t s of 1 looser
texture that of the ¢ being, comprut  the chiro
matin s centrably pliced or extends in 4 broad
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only very rarely indeed 1n the poly morphonuclear
forms As 1 rule, 1 pigmented Inrge mononuclenr
(I1g 3) 15 crowded with granules of migment,
the presence of only 1 few grums, or 1 ingle
granulr cJump 1s exceptional  The appearince
of the clearly defined vellowish brown or blak
pigment grinules 1n the clear protoplism 1s <o
chnrctenistie, that no doubt ought to ewist It
should be remembered however, that in dirty
films wpechs of dirt may be over 1 leucncy te, and
o resemble pigment  In this cse, sumil e specl
will be found lying free The occurrence of
malnal pigment free 1 the blood hns never been
seen by us

I eucocytic 1 aniation —Often 1n c1ses where
pigmented leucocy tes are difficult to find there 1
1 very obiious increqse n the percentage of the
large mononuclear lencocyles  “1ins change, which
1s usually very pronounced 1n the 1pyretic periods
of an ttncl of malann, 1s, however, most fre
quently 1bsent during pyretic periods  If, during
4 peniod of low temperature tlus chinge 1s not
found there 15 2 strong presumption that the c1se
15 not muanal  If the blood be t1hen at the
height of the fever 1 negative result does not ex
clude malana and 1 further examnation should
be undertihen if possible during an apyretic
period  In some ¢ses the change can be detectcd
even during the pyretic pertods but m theee at 1s
alw1ys more marled m the apyretic  In <ome
cases dunng the course of the fever, no <uch
change occurs but appenrs immedintely the tem
pertture subsdes tnd diminishes s cony lescence
proceeds  Perhps the eses where this test 1s of
the greatest value are those where the pattent his
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irends been trented with quinime 1nd one cn
scarcely hope even if the disense be malun to
find parsites m the bload

To Mawr a Dirrrrrwvrian Cotnt o TiL
Litcocyrrs

I ige films are necessary  especinlly in
mln where duning the apyretic peniod there
15 1 distinct diminution in the fotal number of the
white cells It 15 important 1n mling films for
Jeucocyte countyng that the margins And terminal
pownts of the film be regulwr nd so m 1
comvenient postion for ¢y umnition (g 1)

he margin of the film 16 focussed and passed
leneath the objectine By paseng nlong one
hinlf or the whole of the margm of the film the
grent montty of the leucocytes in the film we
scen  In order to obtun wcurite results one
thousand leucocytes should be counted but 2
count of three or four hundred 1 generdly suffh
cnt for dignostic purposes Countsof 1 smaller
number of lewcocytes are valueless s too groat
virrtions will eccur

As 1 keucocvte s seen st s marhed under the
heading lvrgpe mononuclear antermedinte trns
trional small mononuctear pols nucle e cosnophut
as the cse may be A6 many s fen to twenty
ar more are mentlly noted hefore making b
record nats column

I rom the results obt uned by blood counts of
A consider thle pumber of 1 urope ns ining in the
trapies we found that w ncre e boyond fifteen
mrcent of the Lirge mononuclonr forms s proof
of W0 ctual or recent il mfection whiros



42

with 1 value of twenty per cent it 1s almost
always possible, by long search, to find an
occasional parsite or pigmented leucocyte A
value of over twenty per cent probibly 1mplies
actual infection 1t the time of observ1tion
The Normal leucocyte values are —

Polymorphonuclear leucocytes, 65 70 per cent
Large mononuclear »

Intermedinte. » 410 ’

Small mononuclenr s w25
or lymphocytes

Cosinophil »

24 )
Other forms of leucocytes, e g, mast cells,
are Adwnys m extremely small numbers m henlth
(0 5 per cent )
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Chapter 1

THE PARASITE IN IHI TISSUES

Tissues m1y be readilv exnmuned for the
presence of parisites or pigment an the following
w1y —Dlace 1 nunute portion of the tissue on 1
slide and with the end of 1nother shde spread 1t
out s cvenly and thnly 1s powible  Drv fix
and stup in the same way 1s 1 blood film Par
sites 1f present re in this w1y much more easily
and clerly seen thin m sections  Spleen pulp
bone marrow hidney liver etc ginve beautiful
results nd in the same way ny secretion or Tad
can bg examined  for certun tissues eg bone
mirrow 1t 1s dvisable to fiv -

Absolute 1lcohol 1 prt
Tther 2 parts
i order to drssolve out the fat present

To Privarc Tissurs

In prepaning tissues for exanunation —

1 Use s smill pieces s possible 1e at
most five mm thick
2 Use plenty of the fixving and hardening
Nud

3 Sce that the seprite peces do not cohere
1o one 1nother  Plice some cotton woal on the
battom of the vesscl
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Corhed collecting tubes will be found most
convement and will hold ample matenal The
large masses of tissues sometimes sent home arc
of far less value to the pathologist thin much
smller pieces well fixed and hardened  Alwnys
put 1 Iabel 21 the fluid, wath the data wiitten on
1t m pencil, s well 1s the outside 1abel

'nnne

1 Alcohol 15 on the whole the most useful
fisng flind  SmAll preces of tissue should be put
directly into absolute alcohol — Larger preces
should be pliced 1n mnety five per cent nlcohol
for two or three d1ys and then for twenty four
hours in 1bsolute 1lcohol  Intestine should be
sprend on filter paper, 15 1lso nerves or other
tissue which 1t 1s desired to heep flit When
removing the tissue from the paper, ¢ e should
be talen that no fibres of the paper ndhere 18
they mny prevent the proper cutting of sections

Tor other modes of fining wde appendin

To Store Tissurs

Ieep tissues 1n diluted nlecohol (seventy five
per cent ahout)  If kept long 1n absolute acohol
many tissues become very hard

To Fsorp Tissurs rFor Stetion CuTtinve

LCxcept for very specinl revsons, embedding
1n parffin should 1w ays be the method employed
Y ery genertl misconceptions exist 1s to the time
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and trouble necessary to prepare tissues o this
wav 1t mas be ponted out —

1 Ihat the ttmesusually gnvenfor immersion
w puifin wd other reigents we unnecessanly
long

2 Ihit the use of two pariffins for
embeddin, 1 soft and 1 hard s 10 unnecessary
and even hnrmful procedure

Ihat «n chorite appntus for the
pr dlin bath < unnccessany (1ede Thter)

By using flait wd very thim pieces of
maten1l scctions of considarble e mn be
obtamed m mimmum of time It 15 necessry
to cut than slices of the rvw muterid (1 mm or
Teso 1 theelness) wd plice these upon 2 small
e of paper before pliangia the dcolwol to
harden  The paper heeps the shib from bocomin,
distorted  mud cnables one to cut sections of the
full e of the shib sav twa hiths wch square

By phang mmmute pieces of tissue (in
<l on paper 1l Usection of some size 16 needed)
dircetly into inolute dcohol fiving hardenn,
ind dehydritton < be weomphshed within
hll wn bour

DLCESSIRY M LARATUS B0l PARMEFIN SICTIONS

1 Cambridge Red my Microtome  The or
dmry form s Al that s necess sy costing, about
fne pounds It s comvamunt to hawe L bl ind
socd et adpstable holder whiclt enibles ane o
chinge the amgle of the block without remelting
the paffin

2 Ra,rv These maw be hollow round
on one side or on Loth to vyrving depth fFor
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genernl use 1 modertely hollow ground razor 15
used  Examne the edge under a low power
to see 1f v notches exist 1f so they must be
ground out on 1 hone A ‘water of Avr stone
1s long 1 posible, should be used and hept
absolutels free from grit dunng use The stane
should be soft «apable of being scratched with 2
pin 1nd 15 1 lubric it water or filtered herosene
o1l my be used  After honming the rzor should
bé stropped  On one side of the strop 1 mntmum
amount of rvor paste should be rubbed
and the leather <1de should be hept «rupulouslv
clean and dv If the risor 18 hollo v ground on
one side only 1t should only be honed on this
side

Tyammed under the mcroscope the edge
should now present 1 clear, sharp hine It muy be
tested on 4 thin hur which 1t should esily cut

. s

= = 7
/ ==\ )
¥

Fig b  Sumple Tmtodling Apparatus

3 Lmbedding Apparatus —\ slab of metal
(copper) 12 x 3 x finches Heat tlus 2t one
end, nd place the vessel contuimng the parafhn
at 2 pomnt on the slb where the paraffin is just
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kept melted  This 1s the temperiture for embed
ding  Tlis simple device serves all the purposes
of n ¢l thorate parnffin oven (Lig 8)

4 \leohol — Absolute alcohol 1n the tropies
his bsorbed 1 good denl of water and 1t s
necess iy to dehvdrte it

Het crystals of CuSO, till 2 wilnte mass s
formed  Allow to <ool and plice w2 tall bottle
of alcohol  Allow to settle ind dedant off 1lcohol
as requured  Add fresh wnhnvdrous CuSO, f A
marhed blue tint develops or tie up the anhydrous
copper sulph ite i v mushin big 1nd plwe in the
ilcohol pot

Gelatine may be used to dehvdrate alcohol
1t must previoushy be washed free from salts by
sonhing i wter

3ol —Nvol 1y the most generilly satis

factory agent for disphicing the alcohol wd altow
i, the pardhin to permeate the tisue  Chloro
form wood niphth o turpentine ol of doves and
other substites my be used

6 Paraffin 1 or use in the troprs puiffin
melting, 2t sty derees wall sorcels be found too
Iird At lugh altitudes 1 softer will be requrred,
wmd the nght degree of softness must be deter
mined and produced by mivtares of parafiin melt
ing 1t 6o C and parifin of Jower mdlting point
$1y 50 C, such s 15 switable for use i tempernte
dimntes

To obtun parafiin surtable for uce i 2 guen
temper ture pliwce 1 bloek of parmflin m holder
And cut thin sections

{a) I the sectrons curl very much the paraffin
15 too hard
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(b) 1f the sections formed re forced together
(telescoped) the paraflin is too <oft

(e)  Acertun mount of cunkhing 15 usual
with thin sections ind ¢ subsequently be got
nd of before mounting

To Emsrp Tissurs

1 Aeolol —Several changes  If soft tissues
¢, lner spleen time 1s ummport int o long
dchydration s complete  If fibrous orgins the
le »st posaible time that will ensure dehnydrtion
(using thin shibs)  Iibrous tissue becomes exces
sivedy hrd 1f left too long 1 tcohol nylol or
parathn thus 1o and connectine tissue requure
gleat ¢ ue in pieparition

- \ylol —Ten to twenty minutes  When
the tissues become trinsparent thev are reads
and should be transferred without del w to melted
pruafhn

3 Paraffin —Ten to thurty minutes 1f 1
tin tiough be used the tissues should not be
allowed to rest upon the bottom of the trou
bat be supported upon a4 strp of paiper hept m
plwe by folding the ends over the edge of the
trough  \ watch ghss genernlly suffices

Prepare 2 bloch for cutting by one of the
follown,, methods —

(1) If the precc of tissue be small, smear 1
watch glss wath ghcerine fill with melted par
flin and 1dd the picce of tissue pited out of the
bath with forceps warmed by pisin, through
the fiame

(n) 1old 1 prece of paper o that by folding
A trough of required sice v made I an extrt
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length of paper be left tt ewch end of the trough
1t ¢ 1n b folded down 2ud holds the rest 1 post
tion L1l with freshly melted poarafin and
wld the picce of tissue pched up with warmed
forceps

(1) Use metnl peces supplied with most
microtomes upon a slib of Jlws

The following points should be borne n
mind —

(1) Iresh parffin should e medted for the
block s parafiin frequently melted or hept me Hed
for lon, penods dacs not form so untform 1 mass
when cooled s freshls melted par dfin

(1) The more capidls the pardln s cooled
the more uniform s the resulting mss Tts well
therefore s soon v well marked surfue crust
appears to plunge the wteh ghiss or trou, b into
cold w iter

When cold cut out caguare block with the
tissue wrranged e the posttion required for the
sections

Cat scctims
Notc (1) The mgle the hmifc 3 plued ot s
mnportant and must be found by expenience

{1} It s well tou ¢ puds of paper 1o protect
the edge of the 1201 where it presses 1 unst the
tron of the microtome

(1) Tocatwm nbbons the top ind hottem
edgres of the blockh must be pardlel ind horizontal
It s well to dip the block m soft pariffin or
meredy to smer the top nd bottom surfwes of
the block with soft metted poaraffin

() Cut v thin wccnons w wil wmam
et

1
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To Stuny avp Mount Tissurs

1 If the sections are crumpled flont them
upon wAter just hot enough not to melt the
puafin - lhey will become quite vt Tlont the
flattened sections on to 1 clean shde  Remove
oxess of water and firmly press 1 prece of filter
or blotting paper over the section, Thoroughly
dry by holding 4 few munutes over the flame (e
being t1ken not to melt the paraffin} or by plheng
for twenty hours 1n 1 dessicator or warm oven
No further fivative1s generallv needed I neces
sary the <lide may previousls be smeared with
egg qlbumen fixatne It must in this case, be
dipped rapadly into the wAter ind quickly with
driwn  (Appendiy)

2 H the sections 1re flat they m1y be placed
directly upon 1 shide shightly smeared with finative
In this case cellowdin in o1l of cloves 15 the best
fisatne  (\ppendin)

3 Hold the shide or covergltss with the
section over the flume till the paraffin melts
Disolse off the paraffin with \ylol, and then
drop alcohol over the section  DPlace the shde
or cover glass in water

4+ Stamn —The best stuns for genernl use

re —
(1) Haemntem purnssimus saturated

solutton 1 70 pet cent tlcoliol 10 cc
\tum solution {(1lum 50 grimmes,

W iter 1 000 ¢ ) 50 tc

St for five to twenty minutes nccorchng to the

depth of colour of the sections

(1) Methylene blue, or gentian violet
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(m) Counterstun 1l desired with walery
eosin | or the detection of pr,ment 1t 1s well to
stun 2 seetion faintly with eosn lonc

Pass through alcohol ol of cloves, to
Cannda balvam  In hot most chimates, the cold
produced by the evaporntion of the alcohol
cses dew to be deposited upan theshde  When
the \ylol or o1l of cloves 15 added this produces 1
troublesome milkiness and mAy spoil the section
Fonoid this ! excess should be rydly wiped
up fter the use of lcohol and the ol of cloves
added s quichly 1s possible
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THF MALARIAL PARASITL

Lire Hisiory

\mong the groups into which the protorot
we divided we find such well known classes 15
the Sarhodint e g, Amoeba (ol the Mastigo
phort possessing flngella e g I'rvpnosomes, and
the Sporozon It 1s these I1st that chuefly concern
us  The Sporozoa iclude such orders ns the
Gregannes {eg monocystis 1n the testes of the
earth worm) and the Haemospondia (wlich
clade the milwin parasites of man, and blood
pirsites of birds etc ) There 15 1 close relation
slup between the coccidit and the haemospondin
(miant parasite) the delevopment il cycles of the
two being nlmost 1denticrl  The developmental
¢vele i the blood (the febrile cycle) of the malana
piwites was first demonstrated by Gorer the
furthet cycle in the mosquito by Ross  The «ycle
of Gorer 1s the wexual cycle, producing 1uto
mfection of the patient  the cvcle of Ross s the
senunl ovele producing 1 new nfection n 7
he Athy subject

7The sexul cycle 1t has been thought, com
mences 1n the blood when the conditions are un
{1t ourable for the continuance of the wexuil cyvele
wmd in fact ks been talen 1s a sign that the
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prtent b alrewdy daclopad o smsmnnty
st thfover prodecn,, voun,, v sites{spores)
Thus 1t well Frowyn that wmoadinmt tertnn
the sesual formy g amctes or crescents first tppe e
out t week to ten davs after the fint febndc
whch 3 this view b true thon st folows tha
the g rmetes develop from furms adre why present 1o
theovstem viz the wosud forms wd posibiiy thu
diverpence o scxud forms tihes plue from the
voungest form of the parmate 1 the sporc Bat
1tys possible that the disoroiee tehes plee @ o
SRS provions to the youngest form of porsite
poo v stae numrdntods sue coding te cutry
af sparozosts siite the blood so et we lene from
the fiest wovund mnd s forms preent. Sovaad
devetopment bos beon supposad te proceed mounhy
mthoomternad orgoms ¢ bose muarson i ot
w bon,, erdudhy oo v neeed thitvoun, §ams of
wimttes e b frumd o the crcalaon b
chanctoes f thes b e wds bonnotedtp 35)
Fetus ppos dewoser thn s deoshing
wath fulhy dovdoped g unetes n the Blosd e
shall proceed €0 desonsbo the further omges
undergone m the moaquits e wde ol s
we e een cdbd thy mibro et et e
fearde oofb the mabkee S the ¢ owe
cistingunh o the Blood T asther hdBtion
o obuned 1o e o s of o cdhed
Gty e mhe g vt tes waperns it T «
fagrtis bk off wd fortthee te fomake ol
the mahro uney sprnessabs b hs o v
wnltoosdum Tt but ol onos woapm
s fortshired fomsade e B s os 0 hponn s
el thadhtsm e mennntt e thy
tor for 2 Btk bt tage ad oo dl e st
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the Vermiculus or Oolunet (I'tgs 6 and g) Dotk
these terms are suitble ones, for the first describe
the fact that the fertilized femnle becomes worm
lile 1n shape nd the second that the fertilized
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g moves  The vermiculus stage c1n be seen on
the <lide i the « e of Inltenidium but in the case
of milnt puasites onlv by tahing tie blood
from the stom wch of the mosquito ifter v smtable
fipcof time The varmiculus now finds sts Wy
through the epithelium of the stomach wd then
lies 1n the externd musculir Juyers as vsphernaad
orovand body the ngote  \hid of Cipaule
formed wround 1t by thewt tissues and o at thas
stage rtas o called the Ooeyst Cnowth proceeds
and signs of division into everil misses pper
w the pratopl sm s st yze s tormed vmedium
zygote or sporoblist Then we acadh the stage
of Luge Aot (or sporablwt) and by this time
the masses of the sporoblst e undargon
division into 1 number of fine cunved thre ad il e
Dodies the sporozonts so that evontanably the e
oyt s almost cotrely filled  with sporosotts
Ihe Cipsule of the ot aventadly ruptures md
the sporozorts pass from the tissucs of the stomwh
to the thorwy bemny, found 1t hrst amadst the
muscles hut cventudthy ] collected o Uk
sy ghinds  Erom here they aremjectcd into
the Blood by the mosquits and thes tien ttuh
themaclves to and poacte e the red cedls (s hos
boen actonihy obsenved under the mcroscops In
Scustbinag producang, 1now mfection

Wo man by sumimnze these v ntous
steps —
1 Ao unetocvte d makro, unete n

2 Dovddopnent of mikrog imetes = fhigdla
tion

Lertiliz ion of the mdhto, unete = ovam
or copuln
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4 Vermculus or ookinet

5 Zagote or oocyst

6 Medum or Inrge 2y gote =sporoblst

7 Sporozoits

The sexual cycle 1» known 1so s sporo ony
or amphigony winle the asexunl <vele 1 Inown
ns scluzogony or monogony  These two cveles
and their relttion to one another are shewn 1n
the figure (g 9)

Lucther there 1s 1 certun umount of evidence
to shew tlhit 1 gaumete m the blood can undergo
1 hand of retrogressive deselopment, ind give nisc
directly to young parisites (te, schizonts) If
this 15 s0 1t would explun the supposed function
of old ttrbuted to crescents (gametes) of
producing relpses
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Chapter VI

MOSQUITOLS

Mosquitoes belon,, to the order of Diptena
or true fies whnele are char wterized by
1 Asingle pur of mombr mous wings
- Suctoriil mouth
3 Completc met imarphosis
In Al mosquitoes except the genery Corethry
wd Mochlonvy there s 1 long picrang probosos
winddus chanctenstic of the Crlicrdae Mosquitoes
usu iy we bout fise mm o fongth bat cert un
species ¢4 Mogrhimt we muoch buger
1 lies which may be mistihen for mosqurtoes
we —
1 Chironamus — The chironomid1c or mdges
e more delse e structure thin most mosqun
tocs el e often bright green or pule sellow m

TRETR

)
15 v Chron mus
colour  They do not poosess the clurwtenste

probosas of mosquitoes The vans of thar
WLy e more comploey ud ue guete devad of
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scales The 1bsence of scales upon the vuns of
the wings 1t once distinguishes these from
true mosquitoes (11g 10)

I'normous numbers of Cluronomidne refound
newr water especttlly sedgy mers and swamps
They are attracted by hgit, wnd are constantly
seen around hunps wnd candles, 1+ position m
which true mosquitoes 1re scarcely eser found

e

Itg 11 Truhocera

2 Twnhocera — Some small Tipulidae often
possess 1 considerable superfianl resemblanee to
mosquitoes s for example the winter goat
(trichocern)  When at rest their bodies he parllel
with the surfiwe and upon 1t Ihey have no
distinct probosass (11g 11}

3 Cersdomyidae or grll midges —Theschne
4 simple wing venation and there e no forled
cells  In most species the wmgs and bodies e
hary not scaled

4 Riyphidae —These e readily  distin
gushed on 1 close eximunation  Thetr wings are
spotted
Other fhies than mosquitoes suck blood

1 Simulidae or sind flies (sometimes 1o
called midges) —These are mnute flies which
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such blood vorwously  They have 4 short ind
stout probosas  khe siliv iy glnds are very
{1rge i proportion to the size of the v and the
bite 1+ s sesere s that of 1 mosquite  lhe
ey are Irmless (Lig 12}

The lanae of the Simulidie are aquatic,
whindna! i shape and dne i the stems of
witer plants The mmigo hitches beneath the
water

2 Phlebotomus (famuly Psvchodid e ot owl
midges) —Small fluffy looking flies which suck
bload rendily  They are most readity detected
ifter fucding when the abdomen 15 swollen with
blood  Thay hrwe very huny wings and body
and a short powerful probosas (Lig 12)

Tabamdae  Large fhes of hewy buld
{ippendin p oy

N ﬂ*@
- A
/‘} v 7\1&

Piovz Sl Ihogieft) Ol Mudge (mhe)

4 Hippbn adae 1 g fhies of hewy bnld
miicting Usevere bite Fhey do not Ty s
the il md pupal stage gpoing on m the
mother (1ppendin p i)

51t ¢ hes (Glowsina) cte (vrde p 353)
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scales The tbsence of scales upon the vems o
the wings at once distinguishes these from
true mosquitoes {T1g 10)

Enormousnumbers of Churonomidne nrefounc
nenr water, especinlly sedgy nvers nd swamps
They tre attracted by ight, ind are constantly
seen around limps ind candles, 1 position 11
which true mosquitoes re scarcely ever found

—

Iig 11 Trichocera

- Trchocera —some small Tipulhdae often
po-sess 1 conaidertble superficidl resemblance to
mosquitoes s for example the winter gnit
(trichocern)  When at rest their bodies lie parallel
with the surfice and wpon 1t They have no
distinct probosas (L1g 11)

3 Cectdomyidae or gall midges —Thesehue
1 simple wing venation nd there e no forhed
cells ~ In most species the wings 1nd bodies are
hury not «ctled

4 Rhyphidac —These are redily distin
guished on 1 close examination  Ther wings e
spotted

Otlier flies thain mosquitoes such blood

1 Sumulidae or sind flies (somectimes 1l 0
cnlled midges) —These re munute flies which
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such blood voriciously  They hase a short nd
«fout probosus  Lhe salivary glwnds are very
Iarge 1n proportion to the size of the fly and the
bite 15 75 severe as that of a mosquto The
males re harmless (Ig 12)

The larvae of the Simulidie are aquatic,
wihindricn! 1n shape and Ine in the stems of
water plants  The 1migo hatches beneath the
water

2 Phlebatomus (fanuly Psvchodidne or owl
midges) —Small flufly looking flies which suck
blood rendily  They are most readily detected
After feeding when the abdomen 15 swollen with
blood They hive verv hury wings and body
and a short powerful proboscs (g 12)

Tabamdae —I wrge fhes of heivy butld
(1ppendix p 1)

703:‘

Fig v Sund 11y (left)  O1 ! \fudge (nght)

\i}\\

%
&

//5?

4 Hippoboscidae —1 1r, e flhes of heay y butld
inflicting 1 sesere ite They do not 1w eg, s
the Jarv il and pupl stage gomng on n the
mother {ippendin p \1)

5—Dsetse flies (Glossina) ete (tide p 353)
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Iire History or tar Mosgurto

In common with all other insects shewing
complete metimorphosis, the mosquito passes
through four stiges —

I'he egg
The Innvy
The nymph
Ihe 1mago

The Imago—The 1mago 15 the well hnown
winged msect The emergence of the imigo mny
be seen on the surfice of 1most ny collection of

Iig 13 Heads of Male (&) and Femal () Culer

foul witer Shortly nfter hatching  the msect
may be seen resting quietly upon the surfrce o
the water and does not fly w1y when disturbed
or only very feebly 1 or some connidernble time
after hatching (twenty four hours) the insects
refuse to feed

In the im1go there -re marked diflerences
between the male and the femle sect

The Male—In the mnle the antennte are
marhedly plumose  The palps ko wre long nd
hauny The effect 15 to male the *heid of the
mnle mosquito vert conspicuous (1, 13)
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The mnle mosquito with the exception of
certamn species does not feed upon blood -nd the
proboscis 1s only used to such 1n vegetable juices
The male of Stegomyia mosqantoes howeser suchs
blood like the fem ile

Thy Female —In the female the ntennae are
mnconspicuous and hive only short Iateral hars
The palps are also less conspicuous thanin the
male (Fig 13)

The female feeds upon blood tnd 1s frequently
seen with the stomach di tended with blood more
or less digested

The female 1s also seen with the ibdomen
more or lews swollen with the greatls enlurged
oviries which give 2 whitish ind opaque colour
to the mosquito and often male the insect much
more conspicuous 1n 1ts fight than 1t otherwise
would be

The commonest species of mosquitoes belong
largely to the following zenert or closely relted
forms™ —

Anophcling (sub tamlv)
Culex

Stegomvia

Tacmorhynews ind Panoplites
Uranotatma

‘The sub {umly dnophelina 15 1n mny ways
the most distinct of these groups  Not only are
the ndult insects hu,hly charwtenstic i appear
ance but the ovum and larv 1 are quite unlihe
those of nnyv other genus  One indeed cn
recognize the Anophlina 1t 1 glance merely by
thar chunctenistie generd 1ppewrance once the
peethanties of this jenus 1ee 1 nown

U B
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upon 1 wall 1ts body projects so 1s to form
distinet angle with it In some cases the “ngle
assumed 15 1lmost 1 right angle  In the cse of
almost 1l other mosquitoes the body 1s held
erther parallel with the wall or what 1s more
frequent the t-ul wpproaclies the wnll mving the
msect 17 hunchbicked appetrince  [his differ
ence 1s rendily seen by any careful obsenver, and
1s 1 practical and useful distinction A charac
teristic of Anopheles 15 that 1t rests by preference
on the first two purs of legs only, and keeps the
1nst pur stretched out steff aind strarght or they
slowly osaillnte to and fro  Many mosquitoes
warve the lund legs notably Stegomyza but they
are held with the tars: cursed bachw ards

The evact attitude adopted depends upon
the species and the situntion, whether 2 verticnl
or honzontal surface on which the lmopheles 1o
resting  One very common species (M culictfacies)
at least when sitting on 2 wAll, looks evactly like
1small brown Culev smce it holds 1ts body parllel
with the wll 15 2 Culex does

Culex —Mosquitoes of the genus Culex re
many of them brown mosquitoes of sober hue,
eg the common liouse Culev, C fatygans which
1 uniformly brown without markhings  The genus
however contuns 1 very Inrge number of species
In Culer mosqurtoes the nttitude when resting 15
* hunchiback

Stegomyta —The genus Stegomita s of the
greatest mnterest and importince  since 1t 18 this
form which 1s_concerned 1 the transmssion of
yellow fever (Stegomyta fasciata)

These mosquitoes re generalhy biack and
white with banded legs nd “bdomen and spots
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on the thorwn  They are found in houses and
are most troublesome mosquitoes from thar hibst
of feedmg m the day, and their grent alertness
nd persistence  Stegomyvis nre tso very common
1n woods and forests

Both m e and femle sucl bloed

Taenwrhynaus (for exwt distinctions  zide
Iater p 179)

Mosquitoes of the gunus Taentorhyneus e
most frequently banded vellowsh brown

They occur especially 1n the jungle neu
swamps mer margins ete indin Wi at least
m1y aptly be termed  bush  mosquitoes

Panoplites —Dunoplites 1re closely related to
Taensorhvncus  They wre he nily scaled insects
Umont floury 1n ppe unce  They occur espect iy
neir swamps etc

CapTURr or MosQuiToEs awp Tinrs

1 Plwe o lamp upon 1 sheet of wintc
{npcr wnd note the msects wluch ettt wted
by tlhe bght  Note msccts belongin, ta the
orders I epidoptert {moths) Hemuipter: (iphides
green flies etc ) Heteroplerh (plint bugs) Neu
ropter {c wdis fhies stone flies wiite ints) Pacd
out y mosquito hle fhes  They will probably
belone to the Chirononitd - N\ote the abeence of
proboscis the delic 1te tiansparent structure \ote
the plumed head of the mile (1 10 the true
mosquito) ind the less conspicuous nteme of
the femide I vanune the wings under 1 strong
lens or 1 low power of the microscope wnd note
tht the wing vains e bire and do not vary iy
scnles  Note that tiue mosquitoes ire not seen
around the lump

F
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2 Liamune, with 2 hght some wall which
his been only dimls luminated by the Inmp 1¢
some wll 1t the distance of scveral vards, and
note true mosquitaes resting upon this  Captore
severl of these by plwing o tumbler over them
and hill them by puffing in 2 little tobacco smohe
Observe that thes hrwe n distinct proboscs
Observe the plumed male and the fentle without
plumes  Ex umine the wings under 1 strong lens
or low power objective and note the stnles
attached to the wing vems

The specimens crught will probably be spea
mens of Culex  If near 1swamp or jungly plwe
there may be Taemorhyncus, Panopliles  and
possibly  Anophicles  Observe the hunchbik
ittitude i the (nwe of most of the mosquitoes
cught I an Awopheles should by chance be
cught note the striking difference m the genernl
apperance the attitude -nd the spots on the
wings
3 Observe mstully furmished rooms offices
etc the presence of mosquitoes feeding tively
dunng the dvy  Capture some of these  They
will probably belong to the genus Stcgomyir
Note then cxtreme nlertness  Observe that they
are Dl ik with winte bands  Note the hnt of
waving the lund legs and that the tars: of thest
are hept cunved  Ascertun whether the males
feed upon blood

Laamine stables huts, outhouses m the
early mornme

IITTRATURI

The Cimbridye Mawral Hutry  Iiptera \ may usctol
Dok for 1 mtrody tory knowledge of a variety of winged hic i
the tropics anl el ¢ vhere
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Chapter VI

fHI OVLM

Ovi e nunute bodies one min
length When fust 1 od they are wint
but become ripidly brown or bl
on the curfice of water wndaf submes

Fr 1€ o § oty ma
hatchout  Mosquito .1 may te

edge of water o1 on floiting, objects ¢
water Inthe lwtcr e thes have s

Fe oy dg DaftaniTec opty
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separntely upon the wler, tnd has ur cells which
Leep it afloat  In the cnse of Culer and Lacnior
Byneus hundreds of eggs e cemented together to
form rafts each egg Iving perpendicularly, with
1ts Irger end pointing downw wds  In Culey, the

Iig 1% Lag Raft and Lags of Tuensorhynchus

egg rafts wre bioad and roughly oval m shape
(Ing 170 In Taemorhyncus the egg rit 1s
extiwordinnly elongated resembling 1 shape,
A, shil (Thg 18)

Tur Lxasuvarion oF Qv

Culex —Fxamme the surfwce of <ome semt
putrid water for egg rfts of Culia 1gg mits
can almost 1lways Le found on the suriace of
water contunmng macernting lenes frut elc
T'hey are bodies of 1 blackish brown colour nd
are readily wafted 1bout by the wind

1 Note that the raft 15 bo 1t shaped me wsur
ing one filth to one third nch 1 length and
consists of two hundred to four hundred eggs

2 Note that the separite ova are smooth
elongted bodies about <cven to eight mm
lengthh  Note that there are no flots or other
marhings 15 10 the case of luopheles 03

Note that one end of the egg 15 thicker
ind Dlunter than the other and that to the thucker
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end 1s 1ttnched 1 cler transparent globulwr body
(the micropslr apparntus)  Note that this body
1s readily detiched, often leaving 4 spihe like
process projectmng from the thicher end of the
osum

Note that the thicher end of the egg s
plhced downwards and lies in the water s
certun by heeping, the egg rafts upon water until
the Livae hateh that the young Innvae breals
through the lower end of the ovum

ke 1s many observations s possible
upon the e,g rfts ¢4, time necessars for hatching
of Iarvne amount of desticcation they wall with
stand

Anopheles —The ova of dnopheles are difficult
to detect 1n nature but mv be seen by the ud
of 1lens on the margins of small pools where
Irrvae abound  They are abouto 7 to 1 omm long

Lxamnation of inopheles O a —

1 Confine some female Anopheles s de
scribed on p 1.0 I'ndessour to choose those i
wlnch the ovarics are nenrh mature (p g7)  Difty
toone hundred 1nd fifty e, g~ ire lud - Remove the
piece of paper upon which the ova have been
deposited and place this upon 1 shide Examine
with 1 Jow power in strong dwhght and the
nurror turned off

2 Obsenve the rem ) able resemblance of the
ov1 to Iittle boats ind the presence of the two
bewtiful ovl wur cells pliced upon either side
ncting s flonts  (These e bsent only in one
species s yet descnibed viz M turkhudr) Obsene
2l o the presence of t white full or 1 merc nibbed
rim around what would be the gunw e of the
boat (T1g 54)
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separately upon the water, ind has ur cells which
heep it afloat  In the cwse of Culex and Taemor
Mneus hundreds of eggs 1re cemented together to
form rfts ench egg Iving perpendicularly, with
s Inrger end pointing downwards  In Culex the

Iig 1 Lug Raft and Trygs of Taen whynchus

egg rafts 1e brond and roughly oval in <hape
(Ing 17)  In Taemorthyncus the egg rift 1
extrindinanly elong ited resembling m <hnpe
arwing sl (Thg 18)

Tue Lxaunarion oF Ova

Culen —1xamine the surfiwce of <ome semn
putnid wter for egg rafts of Culen g it
< almost alwavs be found on the surfice of
water contunmng maceriting lenves frutt, etc
They e bodics of t bl sh brown colour nd
are 1endily wafted 1bout by the wind

1 Note that the rftis bo it shped, mesut
g one fifth to one third mncli w length nd
consists of two hundred to four hundred eggs

2 ot that the separite ova e smooth
elongnted bodies 1bout <even to erght mm i
fen th  Note that there are no flots or ather
mAarl ings 1« 1 the case of 1nopheles v

3 Note that one end of the egg 15 thicher
wnd Dlunter thin the other and that to the thicher
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end 1s attached 2 dear trmsparent globular body
(the micropalir 1ppratus)  Note that thuis body
1s readils” detached often lenving v spile like
process projecting {rom the thicher end of the
otum

4 Note that the thicher end of the egg 1s
plced downwards wnd hes m the water As
ceriun by heeping the egg rafts upon water untit
the lanvie hatch that the young lanvae breaks
through the lower end of the ovum

5 Make 1s mnny obsernations s possible
upon the egg rfts ¢4 time necessary for hatching
of Inrvae amount of demccation they wall with
stand

Anopheles —The oy 1 of dnophele are difficult
to detect 1n nature but muy be seen by the md
of 2 lens on the margins of smll pools where
Inrvaenbound  Thes are 1bout o 7 to 1 o mm long

Lxamnation of Ancpheles Ovu —

1 (onfine some femile dnophcles s de
seribed on p 1.0 I'ndewour to chhose those n
whicl theovanices e nearhy mature (p 7)) Tifty
toone hundred ind fifty e, s welud kemove the
prece of paper upon which the ovi hue been
deposited ind place this upon 1 shide  Examune
with 1 low power in strong dnlight and the
murror turned off

2 Observe the remar] able rese mbl ince of the
oy to little boats wd the presence of the two
beiutsful oy wur cells placed upon either side
acting 15 flots  (These 2re ibsent only in onc
species s vet descrbed 12 AL turkhindr) Observe
1o the presence of 1 white full or 1 mere nbbed
um around what would be the gunwale of the
bot {11g 4¢)
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3 Obeenve that one end of the ovum 15
alwys stouter than the other  Ihe stout end
contuns the hend of the embryo 1nd s the hewd
from wluch the voung lri 1 escapes  Note tho
that when lmophedes eggs ar seen At the side of
vessels drwn up by capllanty the thuck end 15
2 the bottom  Examine the surface of the water
remuning 1n the hollow stopper or receptacle
ind obserre thnt the ovr of Anopheles are Iud
singly without any ccment substance and float
singly or touching one qnother on the water

<k
68

QI Q

I'ig 19 Pattern formed by £ggs of Aniphcles

Himn

Observe star shaped patterns formed by
some species or the nrrangement i parallel
groups ssumed by the ovn of others (I1g 19)
Note that tlis arrangement 1s dependent on
physical cruses (shape of the egg, etc) and not
on” the fict that the eggs e lud i such
postions  This 1s readhly done by stienng up 2
number of dnopheles ovn on water and noting
how they tend to form groups in triangles and
star shapes

\scertun thtt Anopheles oxa when first
lud re wlnte but rapidly darken and become
blach  Observe that dnopheles ovn re very often
lud 1 heiped up masses winch eventully
become disprrsed by wnes ete Obsenve that
the eggs then form patterns
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6 Dlace some half dried mud 1n a flat dish
and put this mside 1 piece of mosquito netting 1
which some Anophelts with ripe ov 1ries are placed
Observe that ov 1 are lud upon the mud

Preserve the mud for forty eight hours
pres ~nting it fiom becoming completely dry

At the end of forty eight hours or more
remove 1 few ova to 1 dry shde and place under
2 1ow power Allow 1 drop of water to flow on
to the ovt  Observe the escape within 1 minute
or so of the voung lirvae and the fict that1cp
I3 e prece of the egg shell 15 pushed off

8  Observe that dnopheles hept 1n 2 dry test
tube will occwsionally Iy thewr eggs on the side
of the tube

9 Note the timc when the eggs were lud
and the time 1t which the Iarvae emerge  Tins
depends greatly on the tempcrature It may take
twno to three dys

1o Remove dwopheles ova on piper and
allow them to dry and note that after two or
three dvs 1t the most they will not hatch when
carefully plced on wAter

Stegomyra- Confine some gravid femnles of
Stegomyra mosquito

1 Note thit in some <pecies the eggs re
fud singly wnd much resemble at first aght the
oyt of Anopheles Note that an others the eges
are lud it (S notowrpla)

2 Note thit thev e arregularly oval
thucher at one end than the other and hnen
corrugnted surface in which are entangled numer
ous minute ur bubbles

Ly imme the surface of w tter left exposed
for several dags m 1 tumbler ete Note of
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Stegomyia mosquitoes hve ot postted, the pres
ence of eggs occurning singly or 1n parllel groups
Note that the ov 1 are Irger than thoseof 1nopheles
and that they hatch anto Culer ke lane (sce
Stegomyia Inrve p 8s)

Taenmor by neus —Lxamine natural waters, es
peally small pools with ¢ dense growth of algn,
swamp pools 1rngated land, cte for the cgg
rafts of [aentorhy ncus

1 Obrerve the extreme length tnd narrown
ness of the rafts  Note also how smnll 1 portion
of the raft 15 submerged

2 Obsenve that the ova are arringed 1s m
Culex ralts with the thicl er end downw ards and
that they <1re smooth and have 1 mucroplir
apparitus

3 TIndewour to obtun the ov1 of known
specses of Tawmorhyncus by confinmg  grvd
females  Note the shape of the rafts

Panoplites — Observe that the eggs hue n
curtous snout hil ¢ projection, and that they are
lud singly

Pwrophora—The eggs ue lirge, two mm
fong  Thev occur mpatternslihe thoseof Anopheles
1he eggs are covered with mmute prcl Iy scales

Obeervations upon the ovt of the different
<pecies of mosquitoes are vers meagre and full
and accurate deseriptions of these are of grent
slue (see Chap VD
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THL LARVAY AND NYMPH

Tue I arvy

The Inrvae of mosquitoes more especially of
Culev are well known objects  Thev can be seen
by holding up to the hght most ny speaimen
of wter that as been left undisturbed for some
diys but especinlly water whicl contains mace
rating lewes
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Lig o lTarca that may Lo smstaben f v \f spest La vre
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Larvre which mny be mistaken for those of
mosquitoes 1re

1 Chwronomus —The larsa of Cluronomus
15 a red worm lihe crenture (blood worms) nd
his no close resemblince to mosquito Inrine

{Tig =20)

L AT

Tig »t Larae of Anophdles (left) and Culex (right)

2 Ephemeridae — The lrste of certun
small Cphemendne may at first glinee be ms
talen for mosquito lanvne  There 15 no real
resemblance, and the triradiate tul of the ephemer
Inrva 1t once distinguishes 1t (Fig 20)

Ihe larva of diva rather closely resembles
the Innva of 1nopheles, though not other mosquito
Tinvae (Mg 20)

ExastNaTioN oF 8T Liruy

Culex (F1g 21) —Obtun some Culex Innvae
from "ny source ind plice in 1 glhss vessel
1 Ob-erve the hanging attitude of thelin

Note the 1ngle 1t mhes with the surfce of the
v ntbor nand hat thice 1aree 11 chfferent cnet10s
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Note, if the Innva of C concolor 1s being extmined
that the posttion 1s nearly honzontl

2 Observe the large head the promunent
eyes and projecting ntennie

3 Note the long respiritory syphon arsing
fiom the erghith abdominal segment

Place 1 half grown larnd under 1 coverglass
1nd examne under one tlurd inch objective

1 Male w nccurite draiwmmg  of the

antennie
[ |

N i

- \
P
[T

>
=’ ‘
Z

Iig Pesprrat vy S\plt ns of [ arvae
(1) Stegomyia () Culex  (3) Culex teath [ arge Sy phon Tube
() Tanmrisn s (5) Comital I3 01 (2 C C ncror)

() Trormons Ssphon lule (n quarter  ale of thers
genus undetermmed) () Spine n Tube con n
the flit (N) Sprme  en sdu ns

o

B

2 Carefully obwerve the length and thil
ness of the respiratory syphon

3 Note the 1b~cnce of palmate hurs

4 Determuinc wlhether the larvae examined
we Culex Stegomyia Facmorhynous ¢t
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strught thmentary canal - Place in 2 drop of
clean water 1nd crush under 1 covergliss  Note
whit orgamisms form the chiel bulk of the food
Note the presence of swnd gruns—unicellulr
plants and wimals—short lengthaof 1lgn, dintoms,
ete  \lso brall

Determine the common foods of sex ernl speg.ies
of dnopheles

4 Culex Larvae — Thelars aeof the Culicsdae
with the exception of those of imopheles and
pussibly some other gener1 arc superfiaally much
thhe  lThe consprcuous hurs and spimes and
even the complicated terminal segment, are vers
siumilirn the different genern  lLhcre are how
ever marked differences 1n some fentuies on closer
exumnttion  ©hese differences tre mumly to be
found m the syphon tube, the antennae and
ment1l plite, but to 1 les extent in other
structures

Lxamme some Cules Larvae —Note differences
in niled eve apperince  note the Jong worm
ke Stequmiea et wd 1ts wriggling mode ol
progression  note the tiansprrent ind spny
appe u nce of some 1 s (notbly Taensorky neis)
note that some lirvae wopt 1 nely horizontd
wtitude (C concolor and others) others vverticil
wtitude (Stegonrza) wiilst the myonty form 1
small ngle with the vertical I xvmne Innve
under 1 low objectne  Note the head with eves
lnrge feeding brushes antennie ind variots hors
note the Tirge bunches of hurs wsing from the
thorn ind abdommal segments  note the It
scgment bearin, four Lirge clear prpillie and two
«stans of hurs note the penultimate segment
winch ¢ arnies the syphon tube tnd some curious
claw hle spines
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Note especintly the following —
1) The syphon tube
() The antennne
(1) The mouth parts
{1v}  lhe anal papillae
v} ‘The haws of the thorax nd 1bdomen
The Sy phon Tube — Tlus 1 formed of 1 single
cylindrnic d prece of Jutin md cont uns the ongin
of the two maun trachene of the body  N\ote the
sm ) fiap Ll e preces of cntin forming v closing
apparitus 1t the extreme tip Measure (by eve
piece micromcter) the length wnd gre est breadth
of the suphon tubc  note th ot i different <pecies
and especi iy i different gener « the svphon tube
sanies grewly ooty metsurement By dividing
the length by the hreadth thgure may b obt uned
wluch s useful and may be tormed the sy phonic
mdex number  note that n Steyomyia this
aumbcrisabout tve faCulen feurtyseven  In
Tacentwlvncws 2 nuch as twelve m some o ises
Drww weur itely by me ssur ment (exe prece micro
meter) 1 number of syphon tules of difterent
Culex 1invie Note that muled vartions in
different spross exast
Note two rows of spimes on the postertor
wpect of the swphon tube starting from the base
wmd extending v v unble (in dilferent species)
distince up the syphon tube  note that they
differ 1in number md length etc an difforent
species  Lhe spres appe e ted o1 compound
Accordimg, to the an o they are viewed from  ind
lerences mas be supposed to exist which depend
upon thys et Insome species fcert un c rninvorous
or cxambal v ) v Liege fan of hurs progect
postertorly 1 the medium hine from the syphon
¢
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tube In certun species the syvphon tube 1s of
tnormous size, mnd may 1tun to one third the
length of the Iarvn

The 4ntennac —Note 1 the cise of most
tvpical Culer lanvae that the ntennmie e Inrge
consprcuous objects  note A basal medn and
termmal portion nd 1 luge bunch of fethered
hurs arsing 1t the junction of the two firt
nimed portions, note also luwge single nd stout
haurs from the more ternunal portion  note spines
on the body of 1ntenna

Lvamne the lutennac of varions Lariac —Note
1 some Cses thit the antennte arc more ruds
mentary (Stegomvia Anopheles) In the ce of
Stegomyia (1 fur s desernibed) they are small and
spincless, and possess only 1 small hur ansing
from 2 papilln which may be smgle or 1n three
or four Lranches  Nake dinwings (using eye
prece micrometer) wnd note greit varittion 1n
different genern and species

The Mouth Parts ~ Note the charicters of the
caw hle mindibles  and espeaanlly the exact
character of the tongulr mental plite which
forms 2 conspxcuous dark triingular body on the
under surf we of the head

Note that in different species the plite saies
m appeirance especi tlly i the size and number
of notches m 1ts margin In some speaes the
plite 1 Iike 1 shirk's tooth 1n others 1t 18 comb
hie
The 1nal Paprllac —Note the teache e rumifs
g n these the papillie bung posaibly gl 1the
in function  In most species they are pointed 1t
others they 1re globose 1t the end
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The Large Bodv Haiys —These tre long in
some lanne much shorter m others  ther
Arringement 1s very similarin the different larvae

Cunnabaltsm of I arvae —\dd ~ome Inrge
Culev larvne to 1 small bottle contamng some
smnlt Inrvne or dnophedes liesne The dnopheles
I e or smadl Crlea iy e will be devoured by
the Irge forms

Observe the occurrence in nature of the
two forms Culex ind lnopheles  so what Culex
larvne are found hvin, to,ether

7 The Enentes of Taviae — \dd small sh
w terbeetles ind their iy e (Dytisaad e Hydro
phlidae) libelluly limvae coryse v nepi tadpoles
wid other water immnls respactively to Useries
of widc mouthed bottlescont umn, equ il numbers
of Tirvie Note the rate 1t wheh they e
dovoured if it Al The  wnivorous forms nepa
corys 1 hibcllulh rypidly devour tirvae Hydro
pluhdic beetles tadpoles «tc  do not destroy
linvae  Observe that <ome species of fish are
much more (tine devourars of Lin i th n others
Note that weeds often protect Tarv e from beng
consumed by small fish

& Alde experuments with diflerent « hemucal
ind other bodies nd note the tbsencc or presence
of cuhicidnl power

(a) Note th it chenmueal bodies 1n solution 111
only with difficulty 26 vrule ¢, corrosive sub
Lhimate Ammaowm e however (11 4000 of water)
will il moature Ty w0 2ecording to Wanprin

(b) Note thu otds expudiy il iy e by blachimz
the ur tubes  lreut hinae by pournng 1 hittle
olive o1t upon the water  Stun with osmue wid
md note globules of uil withip ﬂl‘e ur tubes

N
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9 \dd some paraffin ol to 1 sl tnopheles
pool observe the presence next mormng of dead
fumale mosquitoes that have come to Iy thar
eggs  Observe the effect of pariffin on different
hinds of natural water ind the jrewt efficacs
some c1ses nd futihity in others

10 Obsenve that pools covered with Lemnn
are very frequently, if not always, free from
Innae  The whon of the [emna s sud to be
mechanic i

FxiumTion ot oturr Larvan

Dixa~ In 1ty movement along the surfice
of the w tter the Lurs v of Diva resembles dnophcles
Iy nd this Iarva also rests horzontally just
beneth the surfrce film

In Dixu there 1s no globulir thorty  and the
whole luvi 35 longer and thinner than an
fnophcdes v (& mm ) Moreover, Dive st
onlv indents the surfce filin 2t the he vd nd tul
there bung no palmate hurs on o the
segments  Dirva Iinine move very ripjidh nnd
have 1 habit of (limbm,, tbove the surfrce of the
watcr and resting 1n 1 loop with the head and tul
downw trds  When placed in 1 specamen tube 1t
chimbs up the side 1nd becomes lodged n crevices
m the cork

It » found frequently m running water
(Iig .o}

Vochlom Laria —Note absence of palmate
hurs on dorsum nd prescnce of respiriton syphon,
absent m lmopheles  Ihev are extremcly vora
cious  They he deep in the water
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Cortthva Larta ~These e the so ealled
phantom i They are estremeh trns
paent ind he horrontally rathier deep m the
water  The bead 15 smaller than m inopheles
There 1s o ur system communmc wan, with the
externil ur They we extrimeh vorcious  Add
some Corethra s e to 1 tumbler cont uning Culex
M
Stegomyra  The bav vof Steypmyia s rther
fonger thinn that of Culev When distorbed 1t ey
fubits 1 rather Lhmg movement fthe that of cer
ta small wquatic aorms When At et b the
surface the nibtnds of the body v Almost vertse 3l

A

4y

[
# Shg

o3 Yoty omd Moutd Ply < f | grae

The finvr hawever spends 1 L ond ded of s tyme
browsin, 4 the bottom of the witer nd then
hes for the most pct honzontrdly

The hend i wmall m proportion to the rest
of the oty nd the thorin w fes compicaoushy
marhtd off from the thdomen than me Cules



86

The nntennne rescmble thowe of Anopheles
larvae more than those of Culex The large
branched hur of Culev 1s represented by 2
short 1nconspricuous simple hur (or 25 many s
three) projccting from the side of the antennne
(g 23)

The syphon tube 15 charctenstic, being very
short and stout (I1g 22) only twice as long s
brond wherens in Culex the syphon tube 1s four
or more times s long s broad (11g 22)

r Cxamine domestic utensils, disused water
pots, ind tins contumng water  Fxamine the
water which collects 1 the asils of the banna
lerves collections of water in tree stumps mn the
jungle If larvae are present—

(1) DNote the very short and brond spiricle
tube and 1ts darl colour  Comprre with that of
Culex nd Taentorhyneus

(1) The Irva s longer ind more worm Dihe
thin most mosquito larvae  The ‘wngghng
motion 1s 1lso very marhedly shewn owing to the
length of the body

Taentorhyneus —In natural waters especitlly
shallow trichhing water forming pools with 1
dense giow th of spirogyrt etc,swamp water and
mver margns, the lan e of Taentorkyneus will be
re1dily found

1 Note thit the I hes often embedded
1n the m isses of green spirogirt or other thread
hihke nlgae

2 Note the great transparency of the e
and the frequency with which ballnntly green
specimens 1re found
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Under 1 low objective note the following
vhuch appear to be chrrctenstic of this genus —

1 Ihe enormous horn hhe and curved
antennie (Mg 231)

. The extieme length 1nd slenderness of
the syphon tube (Thg _2)

Psorophora —The ltnae are large half
mchn length  They nre extremely cannbalistic

Y

Culex Tatigans  Tacwrhynens
W

Inform \tion upon the lanae of the different
genern of mosquitoes 15 so meagre that 0 s
many cases s possible the lirvae of different
species should be dotermmed  and  systematic
descriptions and drwwin,s mwde of such tmport int
parts 2 the antenn e svphon tube ind such other
parts aismay be found to vary i the different
urvne obsened

Norr —lurther v th nthe yph n tub  fianae hag
shewnusthatthes ar  { pesfi 1 wella g gen ampertance
The extremels | n, w1 | nder vph n tubes ap]arently
net e nfined t 1 arvbiny but moquitse hawang this
Gpcftb hue vy landed prol s



88

Tue Nyaven

The nymphie of mosquitoes are extremely
charcteristic bodies  Wherever 4 number of
fully developed Irine are found there will gene
rllv 1lvo be «een numbers of bulbous ¢onmt
slped crentures hiving v Iarge globulnr body
(hend nd thoray) and 4 small tul 1ept more or
less tucled m benetth  When disturbed they
dart downwrds with great speed but vers soon
reappear 2t the surface

Nyvmphs re not <o ey seen m pools
luvae

The diflerences i the nvmphae of different
genern of the Culicidae 1o not nearly so great s
the case of the 1y e

Dueph 28 [
Fig 24 Nvmphae of \mophele and Culex

By heeping under obsersation 1 number of
nymphie some will be scen to become los
inclmed for wiive movement 1nd the "bdomnal
~egments (tul) mwv be ostepded horzont iy
Soon After thiese changes the 1dult insect emerges
through 2 crack - the clntin of the back of the
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thorax  The process 1s seen mn snopheles 1s very
fully described by NurTaur nd Smiprry

Laanmmvartion oF NyMPHAD

1 Note the effect of tapping the glnss vessel
and the rapidity with which the nymphs regun
the surf ice

2 Obsenve thit when first they appear the
nymphs are light 1n colour bat darken very <on
siderably Inter

3 Note that just before the hatching of
mosquitoes the nymph Lies with the tul extended
and that sthvery mirks may be scen due to ur
lying under the cutin

4 Obeerve the emergence of the 1imago

Lxamine the nymphs of Anopheles  Culex
Taentorhyncus etc nd observe that to the nled
eye they are very stmilar

1 Note that the nvinphie of lnnpheles lie
less vertically 1 the wAter than those of Cules

. Observe tht the nympls of dnopheles re
more elongited ntero posteriorhy wnd compressed
Interly than theose of Cules and [ aensorky neus

3 Observe the very large nymphs of some
common spectes of Taemorhynens and the grett
length of ur tubes which are directed strught
forwards i 1 very charctenstic manner

Place nymphiac in drops of water on 1 shde

wnd exunine the 11 syphons  Note—

1 In Anephdes the syphons hwe 1 square
trunctted end and ue proportionally much <horter
thanan Culen ind pregect from about the middte
of the thoras (Figs -4 ind 25)

Fou 1 dirg opon

v
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2 InCulex thesy phons re long and narrow,
and hve 1 shit like opeming, and project from the
postertor portion of the thoras (I1gs 24 1nd 25)

3 In Stegom)ia the syphons re brondly tn
angular, and are charctenstic Note the marhed
contrist in appearince to those of Culey (I'g 251)

A9
£

£ 4 Q gk
e ;(j
Gy ot el € an re W

Fig 25 Nymphal Sy phon Tubes

T'xamne the nymphs of Corethra and Afoch
lomy« when they are encountered

(@) Notein Corethra the pointed svphons and
the strught tul (Ngs 25 nd 26)
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(b) Note in Mochlonyv the Culer like nymph
and the thin rounded tnd pointed sy phons (F1g 25)

Ixrammne the bottoms of pools of polluted
water and note m the mud the bniliant red
aymphs 1nd Irvae of Chrvonomus (F1g 26)

1 Observe that the Chivonomus nymph has
2 large globul ir body (liead and thorx) and boars
1 generil resemblince to mosquito nymphs

Tig 5% Nymphol Syphon Tule of St gomyta

2 Note howeser the presence of the con
spicuous whute ferthery glis which form tufts at
the side of the head

[ /
e
[USN
NS
1
N
4

Ej

Tig 6 Nvmphs t Clirm mu and C reth a

2
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3 Note that the Chivonomus mymph and
larvae do not nise to the surface to breathe 1s do
those of mosquitoes

4 Note the curious rhy thmic bending move
ment of the larvae and nymph of Chironomus
wluch, when they are present 1n numbers, give the

mud 2t the bottom of the pool @ curious ppear
ance

LITERATURL

Ml dguatic oseets
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Chapter \

TO CAPTURE PRESCRVL AIINE  AND
ENPLRIMLNTAITY 111D MOSQUITOLS

To CAPTURE \NOPHELLLS

Necessarv  Apparatus—One or  two small
collecting tubes (Frg .7) 1 cden md perfectly
dry bottle (whishey bottle) some cotton wool

Fo DrTecT AnorHELEs

Choose 1 suitnble nitinevillge ¢ an lrien
Aany bush sill 0 orm Indiy oy allee nour 1
nlth or other source of 1napheles Tanvne

Detcemine whethier  Lnophcdes exist iy v of
the following situttions —

1 In the duk corners of sheds cow houses
or other vut houses
2 Under the eaves (in darkash parts) of the
huts

In the bats themselves hanging to straws

stilactites of woot e et

4 Amvother il dly situntions e ¢ collections
of drv grass o the undergrowth n the bush
(« 1pturc 1 this sitution s diffic ult)

Procedure —If on 1nspection none of the
insects i be detected by < wreful scrutiny (the
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most concentruted ttention 1s, s 1 rule, needed),
the thatchi should be crefully disturbed with the
hand or 1 short stick

Observe carefully any insects which fly out
and note where they settle  Choose especiilly
portions of the thitch which are not too dirk to
prevent one seeing clearly, but are not too much
evposed to ight

Irun 1f possible, one or more ntelligent
ntives to detect the insects ind to collect them,
1s shortly described It 1s 1 good tling 1f even
only ey few dnopheles have been found by ~
persona] 1nspec tion, to offer 4 small rew ird to any
persons 1n the willage who will undertake to
collect them  One or two tubes should be left
for thus purpose

To Derrct CuLrs

I'\ unine the walls of houses out houses, nd
nitive huts 1 speainlly examine clothes hung up
i natnve huts  Many specimens of Crdey restuny
in their (harwtenstic hunchback ttitude will
probably be detected  Lspecrally on drh clothing
old biwnkets, inside leather boots or boves

Mosquitoes seem especinlly fond of thesmeldt(?)
of leather

To Derrer Tarnormacus

Lhese tre best < wght by sittin,, with 2 gt
netr 1 marsh or grassy lind - A wll or tnt or
cloth hun,g up should be 1t band ndhept shghtly
Nununated with 4 lamp  [hey ms be captured
1o they settle upon the sheet or upon oneself
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To CirTure MosguiTors

1 DPlweq collecting tube tery slowly over
the mosquito

2 Insert 1 finger underneath and so rapidly
Dlock the tube  or 1 piece of cardbonrd or wool
m 1y be carefully slipped underneath

LRI ¢

Far
Fr, , Method of Coll trsg ind rectiny out Mosquttses

3 Plwe 1 plug of cotton woul in the mouth
of the tubc
Fransfer to the Tirge bottle by pliung,
the tube over the mauth of the bottle and wath
driving cwcfully the cotton wool  heep the
bottle ddosed with 1 plug of cotton wool
C wpture s many specinicns s required
and trmsfer them « cwht to the bottle
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A wide mouth bottle over which 1 piece of
stout prper hw been tied, with 1 sl trap door
cut shghtly larger then the tube, may be uscd
Thus has the 1dvantage that mosquitoes do not so
ewtly flv out mio the tube dunng the it of
trnsference It hns the dividvantage that the !
piper ters and the mosquitoes we more hikely
1o estape through Acaidental Gircumetnees

To Brerp Qur Mosouirors

g 7)

Collect 7 number of full grown lan e nd
nyvmphne of both nopleles wd Culen

1 Sepuate the mymplne from the lane
and plwe them 1 1 )ar or wide mouthed botth
hnlf full of water lewing room for the mecets
when hatched  Cover the jar with 2 prece of
thicl cardbourd or 1 hd the central portion of
which s replaced by mosquito netting

-~ Plae the Jtrvae where they will rieene
pleniv of hight but will not be wubject to great
hew

Renove the nymphne s they ire seen it

the and of cachdy

To Ker1 Mosguitors \ine

The length of time mosquitoes reman Al e
m Cptinty depends almost entirely upon the
antabifity of the conditions under which thes 1
Lept
T xcept for spect il purposes mosquitoes {espe
cnlly Awopheles) should mot be 1ept m open
spaces 1¢ frames corvered with mosquito netting

Procure several  chutney yus wilh hollow
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glass stoppers  These can be obtuned generally
from the nutive bazaar in Indiv for « few innas
(L 2%) [his form of yir 15 verv convement
but v other jar will serve

Cut 1 prece of thil cardlonrd so that it wiil
when forced down nto the jir remaun supported
on the shoulders of the jar

Lig N Med f4 pimg M oqut e

Tall the stopper ne iy to the brim with w wer
Cut vthin shee of corl and plwe it on the surfwe
of the water U pon the corl plice pieee of dden
white piper  Lhe paper should not quite occupy
the whole of the sprce in the mouth of the stopper

1 Invert the dwtnes jar (prep red s above)
over the top of 1 3 m whach some mosquitoes
e biatehed . Remove the cardboned ind gently
tip the glws  The mosquitoes wall iy upw ards
mto the chutney jar Plwe the chutnes jar con
tunmng mosquitoes upon its stopper prepaned s
bove

1
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Place the whole, fter Inbelling, 11 a darl enp
Loard or other concnrent place (incubntor)

At the end of the first dny or <o, the mAales
will be found dead upon the piece of paper, wnd
cin be removed On the second mght After
hatching most of the isects wall feed nd the jir
15 ready for use

2 Plrce the mverted {chutney) jar, prep wed
with cardboard 15 tbove over 1 bottle i whicd
dnopheles crught 1in 1 vallage or elsewhere ke
been plued Remove the cotton plug nd shrke
the bottle gently to drve thenscetsout  Replace
Ju upon the prepured stopper Phice m 2 dark
spot  Next mormng remove the stopper mnd re
mve 1 dead mosquitoes ind ova by tahn, out
the prece of paper

On the wecond might after the mosquntoes
have becn collected the bottle 15 rends for feeding
experiments  On the third dw generdls the
mosquitoes have no longer s blood remunmg
m the mid gut nd are reads for dissection

IThe ,hinds of v mosquetoes that my die
before this ma of course be dissected f desired
on the chnce of finding sporozotts

In the use of village cwght tnopheles 1t must
be borne m mmnd that wy subjct upon wiich
they tre fed 1s hable ta @ fresh mfection  In the
cse of nitives (who sleep without hesitaition m
am willige) the employment of villige cught
mosquitoes ¢ mnot flonever be very prejudicnl

Lhe adyvanta,es of the above wav of heeping
mosquitoes e —

1 The mosquitoes will Teep alnve lJonger
thn 1n 1my other w1y hnown to us

s The immense conemence i feeding
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Amy mosquitoes that may hwe died m
the mght can be recovered nd we not doed up

It 15w estremely comvement way of
obtumng ind exuminin,, the oyt

5 Mo quitoes which have become feeble are
piven the best possible chance of g and will
be found resting 1 dw on the puece of paper

If boves wd net covered Irames be used an
enormous mort thts usailly results  The derd
bodies dry up ind 2ot lost in the folds of netting
or unless speciil picc witions we tiken we enten
up by s

If chutney jars wath hollow stoppeis « mnot
be procured —

Procure v form of wide mouthed j1r or
Dottle wuch 15 1 prune ju presenved fruit bottle
e Insert umece of stout Cirdhord s before

1 Prepawc the metal top of 1 scren top
bottle or some other wurtible sl receptacde
withwater corl md paper s ibove  Phce upon
Leguire prece of very stout < udboad or wood
Invert the purover this {h,, .5)

2 Prepuc v swa byoaddm,, 1 few tet
spoonfuls of water md phwng, on this cork and
paper Iovert the Ju ova the sweer This s
rither e Comaement than the 1ot mentioned
method s mosquitors are less Table to escpe m
the process of biting the botth

Fo Teen Mosntrors

Sclect chhattle i hich the mosquitoo (twenty
1o thirty or atde st cdozen snoewh bottle} are
ready for fecding 10 the second evemng, fter
hatchimg, or collecting, Fift the botth fiom the



100

stopper first disturbing any mosquitoes wiuch
m1y be resting on the stopper, wnd place 1t mouth
downwrds on the table

Shp underneath the mouth of the bottle 2
smnll piece of mosquito netting of rather A fine
mesh  Tie this 1round the neck of the bottle
with twine The bottle 15 then rewdy for
feeding

Fig 81 Method of I' ding Mosqut s

At or shorth after darl tde s many
bottles 2 m1y be desired to the ward or dorm
torv  Shightly damp the forc wm (or the < 1lf) of
the pitient 1nd turmng the bottle right side up
let the prtients irm re t upon the mouth of the
bottle (Lag -81)

In from 1 few mnutes to half n hour or
morc the bottle wiil be noticed to e splwshes
of blood upon the bottom wd wides (in the cast
of Anopheles onlv} If possible wat tll 41l the
Anophcdes have led

Remorv¢ the bottle imert upon 1 table untie
the twine wd remove the netting,  Replice the
bottle upon the prep ued stopper
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Repeat the process every mght allowing the
mosquitoes to feed by preference on the stme c1se
throughout Where1t 1s uncert un which of sexeral
c1ses may or may not hve mture sexul forms
i the blood 1 bottle m1v be fed on alternate
mghts on the different eases

Add clean water wnd 2 fresh prece of piper
each time the bottle 1s used

To Prrivre 1eEp Mosguitolrs ror DissECTION

After having fed the mosquitoes 1n 2 bottle
for 2 certun number of davs ple it apart from
others and llow 1t to remun  undisturbed
(merely changg the wter cte) for severat
days

Ascertun each day whether the mosquitoes
hve completely got nid of the blood i the md
got  When thev 1re quite free from any dul
colourition of the ventral wspect of the ibdomen
they ire rendy for dissection

N B ~If chloroform nd especially 1f toba co smoke 13 v ed

1o bl the mo quito 1t 15 ¢ senti 1 to well wash the jar bef re
agun keeping mo quitoes 1 them

To 1irp Mosguitors on Birps 17C

1 Prepare 1 fraimework of wood and hook
binder s cardbonrd  Cover two sides with ¢ ird
bowrd  Cover onc end wath netun, driwn tight
and to the othcr attuh 2 Nleave  of netting
Catchoor breed out « number of Calex (e Culex
fatrgans) and pliein the frune  keep the frame
i adul phee wmd ple 1 sweer of water
mat
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Before pliang the bird 1n the cage = small
bg of netting should be tied iround 1ts head as
1t then remuns perfectls quiet and further, the
legs may be fastened  Small birds, such 2 spar
rons should be carefully trented as otherviee
they are very hable to succumb  Pigeons should
be treated 1n the vime way f necess iy

2 Mosquitoes my be fed singly on pr_eons
and other Iarge birds by plwang the end of the
test tube 1n which the mosquito 15 confined
Arunst in aren of shin denuded of feathers

TeEDING ExpERMENTS O\ Dirps

1 Teed anumber of Culex ¢ , C fatrguus
on sparrows (1n which hve been detected proteo
soma in the blood} by plicing these for : timen
the mosquito cage

Alter feeding one or tuo dns, ple thow
mosquitoes which obviously have fed and are
goiged with blood n 4 prepared chutney jir, and
Leep until reads for dissection

Note (1) the zvgotes of proteosomn which
generily occur 1n lnrge numbers 1n the stomch
wall and in which very conrse mnd darh pigment
1S seen

() Teedsome lnopheles on proteosomaspar
rows and note that no zygotes 1re formed

(i)} Teedsome Taentorhyncus on protecsoma
spirrows and note the negative result

(n) Teed some Culex upon pigeons con
tuning haltendium nd note nestive result

Sp wrrow scontuning haltendium sofrequently
(in Indin) contun proteosomt that even tf the
Intter 1 not observed under the microscope, it 1~
difficult to be sure of their nbsence
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Chapter T

DISSICIION WD I NAWINAIION Ol
AOSQUITOT S TOR THE MAL ARINI
PARVSITT

Dissretion oF Mosotitor s

Necessary pparatus

1 Shdes and coverg] wses

2 Two needles preferably the  strught
surgicd needles de «nbed for mahing blood fitms
15 they hve 1 cuttin,, ¢ lge

3 Some silt soluttion o 4 grummes per cent

It ts comventent to e v bourd twehe

by three inches covered Tall with wh te and nldf
wiih blwek papcr

Some mosquitoes A Cwght by shippmg
over the top of the yur used for fecding wnother
empty Jr of the sunc siee wmd they moy be hept
e m adad cuphoard rr two or three days
until thar stomarhbs e quite free fom blood
(scen by the complete disappoarance of blnd from
the venteal portion of the abdomen)

A fow speamens are hilled by diloroform or
tobncco smol ¢

1 Obeerse 0f 1 Jomad fem tle) two whitish
Arens on ather side f the under portion of the
abdomen (nponm, ov nest 1 the blood 1 the
stomach be not digeste 1 bl masswaill be een
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m front of these, 1nd posstbly the extrem
C
antenor portion of the abdomen w x?ll appenr trns
F]’lrent (n)u' contuning oesophngenl dn erticolum)
1g 29

To Disseer Qur rur Mip Gur (Stoven)

1 Pull off with forcep~ the legs 1nd wings
{nd remove most of the sealesby 1 foy strohes of
vsmall camel hur brush)

- Plhwen drop of salt solution on A slide
ad place the shde on 1 hght bad ground

v

[io ~y

Turn the mosquito upon 1ts back and with 1
needic held i the eft hand tramsfix the thory

Curny the mosquito transfived on the needle
to the slide nd lower the tip of the abdomen
nto the drop of <alt selution

Keeping the teansfiving necdle in posiion
make with the other necdle, 2 meh upon Giher
sade between the wnth and seventh abdomiml
segments winch point corresponds to the disison
between the mud and lnnd juts  \ter thus
loosemmg the 1wt few <cgments plue the point
of the needle upon them, slowly draggmng them
awny from the rest of the 1bdamen
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After scpariting the segments 1 very
short distance, remove the prepiration to 2 dark
Dackground  Agun driw npart 1nd note the
white viscern stretching between them Make

[
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Irg 30 Do e {fthe Vaseers f 1 M gqunt

stedy traction until 7 central rather transparent
bodv 15 tdone lft botween the two portions of

abdomen
Cut wross the antenor attchments of the

md gut
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4 Drw the bods of the mosquito 1wny
from the seprrated <egments the mid gut and
sundr_other viscern will be left attached to the
Intter floating 1n the salt solubon

Observe that when the tension 1s relieved,
the structure Inst to lewve the abdomen of the
mosquito 1ssumes 2 srccular appearance This s
tfie mid gut

Tue Viscrey
(Fig 30)

1 Unless the mosquito 1s newly hatched
note two opaque winte oval bodies (the oy nes)
attwhed to the separited segments If the
ovares are near maturity, masses of winte oyt
are scen

The Mid gut ~—This extends from the
level of the fisst pur of legs to the postertor
border of the sinth 1bdominal scgment

(1) \n antenor narrow portion resembling
an ocsophtgus

() \ posterior dilated portion 1t the level
of the sinth {and fifth) abdonuntl scgments m
which, if the Iast menl of blood 1» not quite
digested 1 bl mnss will be seen 10 any blood
remuns i this portion re the stomach dis
card the speaimen for one hept Jonger without

foud

(i1} At the commencement of the md gut
A ring hle thichened portion (the prosyentriculus
It 2cts 1s 1 vilve between the oesophagus nd
mid gut (g 30

5 I(’m-gm?g )bemcm the mud gut and the
seprrited segments note fise brilinthy  white
thrends~—the malpighian tubules (Lig 30)
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Between the mnlpiglnin  tubules the
{ranspuent intestine which mawy exlubit ctive
penstalss (Tig 30)

5 Attacied to the proventnculus 1n exceed
mgly delicate membrine the dilnted oesophagus
and three diverticula of the same which usu by
contun ur bubbles  Thev contun bluod fter
4 full meal and According to NuTTALL nd
suierLry,  these dnertiult function s food
FLSCYUOLY s

The ventrnl diverticutum extends s far back
1 the fifth "bdomn il segment

To Prorarr tor Mip Gur ror Exavmation

1 Cut (by pressing with the necdle) 1cross
the mtestine wnd malpighin tubes just below
the termmaton of the sweular mid gut This
will separtte the mid gut from the rest of the
VINLETT

Remove eversthing from the shide but the
mid ut  Remove excess of flind 2nd see that
no oyt or extricous matters e left upon the
stide \dd 1 smull drop of clein <ait solution
i plce 1t overlass upon the prep ir ton
The mid zut witl flatten out conaderibly - Re
move with tilter paper ipphed to the vdge of the
corergliss any veess of flid  Examine under
one third mch obpctive and  afterwards under
on¢ twellth

If the mid ut T been removed i tote and
the prepartion not too much compressed  the
follow i, yppear mces are seen —

1 bhe narrow anterior portion of the mud
p,ull with the ¢ty Il e proventriculus it 1ts free
end
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2 If a portion of the estremely than mem
brane of the true oesophgus or 1ts diverticul be
mefuded 1n the prepirttion 1t will probably be
seen to exlnbit peculiar markings due probably to
musculr fibres 1n the membrane, but resembling
rather closely sporazoits It 15 essentinl that this
structure should be recogmzed when seen 4nd
that the resemblance of 1ts markings to sporozouts
should not lead the beginner astriy (Ng 32)

Fig 31 Miero opic appearance of Mid wut sheting
C 1 Structure and Jigote

3 The expanded postertor portion of the
md gut  Tlis body forms the mun mss of the
prepration, and 15 All importnt m relation to
malnnal studies

The [ollowing 1ppearces e ~een i1 good

reparition —
P pI Well defined tubes with spiril lnmg (ur
tubes or trachete) Note that these branch and
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ramufy upon the surface of the mud gut and mnl
piglun tubes (T1g 31)

2 Large muscultr fibres  together sath
elnstic fibres forming 1 check pittern Note that
they re arcular and  longitudinil  (external)
Note that 1t the edge of the viscus they 1re <een
1n optical sectron (I1g 31)

I arge cells with Iarge nucler and granule
protoplism {epithelium of mid gut)  Note some
m situ forming 1+ single Iver of poly,omil epr
thelum 1nd others detiched and 1 process of
being, crrried ilong by fluid strc uming from interior
of mid gut  Note that 1in some plies these cells
are undergong v cuohization with danany, of the
protoplism grnules {11, 31)

4 Note 1y contents of the stomach—

(1) Remauns of blood

(1) Crystals of vanous Linds

(in)  Greganines fhgell ites butersa cte

Note thit m focusaing downw wrd  one
passes through 1 double thcEness of wall Note
thit the ur tubes are focused on the upper ind
lower surf wes of the prepirition ind the epithe
Litm ind cnvstals m the auddle

6 True severtd of the finer ur tubes to
thar app went tonmuntton  wnd pote thit when
they lose thewr sparad imng, they e continued 15
very fine transparent tubules (ur cynblares)
Note thit at the point of Lroking up one
seneratly make out Luge stellate cetls (trached
cedls) (b, 31

7 Observein sume prepartions Dirge oval
cells of browmsh colour hvin, vpon the outer
surf e of the stomh  Note that they wre ratlier
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opique and contamn 1 certun mount of diffuse
vellowssh prgment They e so clled pencrrdin

cells (see 11g 32)
72
gﬁ“‘ =

a1

s (Left o right) Pencurdial Cell Tat Ty Cell
i tlen Fputhelum Cell Thin Meml vane shewng
Sporo ot like appeuvance

=

1t

S Observe 1 most preparitions one or
more large cler cedls with 2 small nucleus and
tilled with o1l globules (cetls of the fat body)
(I'ig 32) These lie upon the stomich and
common with the last naimed cells e werdentnl
in this situition

Tur Exavinyrion or THE Mip Gur ror TiE
Zycote or QouysT STACF 01 Th
Mar ap1ss ParasiTe

(Ik cxamintion of the stomach tH «d for fligellating i
the mtile or cermicule frms 15 defornd b o Jal r Chapter)

Obtun 1 number of 1nopheles {not Vi Rosw)
from some natie quarter (sec p 92}, or better,
those speciully fed  heep these alne for two
or three dive until no blocd remumns - the
md gut (for methods of heeping ilnne, see p 93)
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Prepare the mad gut 1 described 1bove A
consider thle number m1y prove negatne bot o
santble percentage will be positne I\ e
with one twclfth inch

C wefully note the presence of smAll collections
of prgment of the niture of malarial prgment
By ¢areful focussing  the younger forms may be
stent s cJer ovl or round bodies 6 7,0 an which
the distinct and cleaely defined pigment occurs
The more 1dvan ¢d forms ¢ m ¢ arcely be maseed
1t 1s necessany to be tron nund the norme U struc tures
and the fat that untd the pariate reches 2
constderble size ind has 1 vers sharplhy defined
st wll prgment of the <hrwters belonging to
the species of parsite concerned s present

(I

Teg 33 fleptt TuhtiZvg g Malygnr 0 1 rticn
Smuple Iortivy vn o0 wliet v 1

1 Zvgotes of coescent tertiw shew when
voun, 4 ddump of proment resombling blwk
pqlpl‘r gruns (b 33

Zyvgotes of imple tertian shew yedlowssh
ar gnldm\ pament i wisps (I, 33}

Zyviotes of quartan shew rither conrse
prment i cdump (g 33)

The older 71 ,0tes (40 60 1) 1re indistinguish
able s regards the spetes of parasite concerned
They m o shew

1V cdear nd distinct evst wall (1d
ventitious)
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2 The formtion of sporoblsts

3 Instill more developed forms, the sposo
blsts re seen to be surrounded by 1 rditting
uringement of young sporozoits or blasts (Tig ¢
and 31)

4 Tully descloped forms are large cywts
pacled with many hundreds of fine sichle sl iped
bodies, ind, if they e ruptured, these Intter escape
mto the surrounding flud ind are readly diy
tinguished as sporozats (I'ig 37)

To Mank PrrvanesT PrepiriTiovs or
Z1GOTES

Method 1 —In cse of 1 specimen shewing
zygotes phice 11 rge drop of tyw o per cent formalin
on one side of the covergliss, and draw  this
through by filter paper plwed on the other wide
Repeit ~everl times Remove evcess of the
formalin with filter paper Ring edges of coter
gl v with blek s irmish or Canida balam

The zvgotes will retun thar ppewrince s
~cen 1m the fresh specimen

Method 2 —~Run formalim through 1 n
VMethod 1 When an excess of fhnd 1y present,
shide ofl the coverglies  The finttened mid gut
wall probabiy rentun 1t iched to the covergl iss

Wash i weter and st un lightly with methy
lene blue  Wash an water, 1nd allow to dny
Warm gently to ensure complete drvhess, nd
plice the coverglss mid gut downwards upon 1
drop of balsam upon A shide

The mu~cult1 fibres and other structures of
the mud gut will be well exlubited  The 2y gotes
will be stuned rather 2 dwh blue  If not too
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darhly stuned the migment of the zyvgotes wall
he the wppernce 1t had o the fresh specimen
3 Mount directly n glycenine
Tor more munute histofogie] ex iy
tior mmbed the stomichs m puffin or the
whole mosquito (tide p 123}

Ta Disier Ottt Sunany Grases

[ins 15 quite 1 simple proceeding if 1t be e
membered where thes he  Lhey e intru thoreo
structures nd they commence 1t the nnder por
tion of the nee! i end opposte the first pur of
feps  1hey ligventrally an Tt roughly sperbang
they hie just above the onan of the first pur of
Tegs (L1 34)

Funf mvlayy

Lag 3y Skogp tom gl e basd

[he simple 1 md most rynd method and the
one that haedh over fuls s the follow g
1 Phactie mosquito v drop of salt solu
tion on s ri it sde wath the bod pomting, to
wiards you s vou dissect
1
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2 Pluce the needle of the left hand on the
thor1y to stendy 1t, and plice the needle of the
nght hand on the back of the herd wnd mihe
steady gentle triction

I done carefully, 1t will be seen thit the
hend has pulled out v little mass of white tisoue
fiom the thor v (the dissec tion 15 best donc on 1
dull blul surf«e)

Ex umine the prece of tissuc under 1+ hnlf
mch lens  (The diphrgm should be as nearly
closcd s possible)  The ghnds will be scen
hin g on to the necl 1 finger like, transparent,
glestomny, bodies  Muscle hns 4 grevish lool
and even the 1t body 15 not <o refrictile s the
glwmds
Now plice one needle on the hend and
with the other mahke 1 trinserse cut between the
heid nd the tttached portion of the glinds

6 Lxamine agun  the now «epartted
shinds  Generdly Al six are with certunty Lot

1 this way

7 If the glwds uc not found on the nech
proceed with the dissection by VMethod 2

S When dissccted out o this way they
ue oenetitly quite free from surrounding drssucs,
but 1f found necess ary they cn be teased out further
and pliced m fresh drops of <alt solution

g Mt llstiges of the dissection mahe surc
that the gland- are renlly present and that they
hve not floated to the side or stuch to the
needles

10 DBy this certun and raprd method s
many s one hundred glinds m1y be diwected
out put under tcoverghss nd examined mucro

scopically m 2 dny s work
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Vethod 2 —Con 1sts m okt by 1 series
of cuts the anterior ventrd portion of the thorn
m wluch the jlands Iie

1 Mde v ut oblhiquv m o mtcro
postenor direchion <o 18 10 sever the mnun mass
of thoracr muscle

2 \hleacut it ht angles to this piang
Just belund the wttn hment of the first pur of
fegs

3 Cut throu_h the ncch

Lhe Jlwds hie 1w the poruon thus o
Tued  Condarible towang out s still required
to ) olate them fromm the surroundin,, tissues
T umne each portion of tssuc sepratod out wd
remmiane to sk e i drop of <ilt solution

Remember tht s oevwmir g, undar
mcroscope the ppaont 1 bt hnd s dly e
Teft wnd waee ter 4

I 3y h \:!u\{lml Pl

This method wionchas longer th m Method o
requires more s cction and tesing out i order
to 1 olite the ghnds ddowdy and s we hae
sad mu st he Dllowed even of No 1 s
fuled but om cvpencnec bs beenthot Method o
is derned at once without my difhculty
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Ascertun that the glwds of either side
conwist of three 1cim the ducts of wihich jom
Almost immedintely after lewing the winus to
form 1 ~ingle long duct

1 Observe that of the three gland
side (1rgs 35 1nd 38) — ghnd> of ech

(1) Two e lighly refrictile, ind the cclls
m these are very distinct and clearly  defined
(Iiteral glinds)

At f & tn
k u -

-
7 o

Fig 36 Murnopu Structure of Saliars lcinus and that of
w Neels Hatoh § Hosqurlo (right)

(1) One 1 much less refrictile and the

component cells re much less ewly defined

(centr1l glnd)

2 Obsenve thit ewh 1cmus his 1 duct
runming through 1ts whole length, and that the
sec retory cells lorm 7 smgle row round this

Obrerve that etch secretory cell has 2
[arge m s of clewr secretion within 1t, fornung
the cheef bull of the cell and that the nucleus 1s
flattened and pushed to the periphery (Mg 36)
Pressure tends to force the secretion out of the cell
mn visad lool ing droplets  1he secretion of the
latecal glwmds i fir more refractile than that of
the central (Mg 38)

\scertun that the duct formed by the
junction of the three intri 1cnar ducts jons,
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cventu lly the sumilr duct {rom the other side to
form 1 common snalivary duct which passes into
the saliv ary receptacle  The duct s thick w alled
and 15 hned with 1 «pird thread resembhng 2
trichen! tube

CAAMINATION OF THT SPOROZOIT 10T v or 11k
Mitanw Parasre

Obtun 2 number of \uopheles (not M Reswti)
from 1 native qu rter (five per cent to twenty per
cent or more have sporozoits 10 the ghwnds) or

Anopheles fed for twelve dys or more 1t 1 tem

periturc of 8o 1 Preparc specimens of the glnds
a5 described tbove  Having pliced one or more
lobes under 1 low power press with the pomt of
1 needle on the cover I <o that the glind s
ruptured 1nd the secretion poured out s droplets
mto the surrounding, flnd

~ .
/// 7?\\ ”:.
V))& )
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I vmine with one sixth inch I sporozoits
are present they 1re generally very numerous nd
Tuge numbers of finc very distinct cursed rods,
il be e1ly seen wath thus power lymg through
out the fliud wround die gland wnd pid ed i Irge
numbers m the substance of the glnd [ imliv
cximume with one twelfth inch (g 37)

The sporozorts hve 1 mewn length of 144
and v s betsseen 10 # and .0« nd Ace 1 2um
width

Lxvyuranion or Motiov or Storozoirs

Iheect out the glnds ad when soled
cdemly trinsfer to 2 drop of hunmian serum,
previoushy got ready by allowing blood to clot n
a4 small tube  Three kinds of motion may be
ohserved —

1 lormation of curses
2 lormation of ring formed contractions
3 Tocomotion  Torv ird motion

Denetyation of Red Cell by Sporoworts —This
has not been «een i ease of spororoits of the
<inoany glands but has been observed twice by
Scnwpnn o the Cwe of sporosoits from 1
rupturcd cyst in the stom-ch

To Perysrr Perssnent PPEPATATIONS 01
SPOroZoITs

Pressing firmiv upon the covergliss dew it
dong the slidc ~o that 1 filnt 15 made on cover
gl mdshde

Drs by rapidly wavng the shde and the
coverglis m the ur - Frv both in alcohol, nd
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stunwith Rosiisowsny - Wash dry and extmine
without coverglass with an ol immersion

1he sporosoits appenr s fusform bodies with
Acntril red mass of chromatin - They e tbout
4w m Jen th with one end oftcn more ponted
than the other

W ish off the orf with vylol dry ind 1abed

; ERT
@
% ‘ %
g LN
’ é’ﬁ
» [
Trgys Scnn gty Clind et dufr nees et een
th Cemtral mifoste Cliad mdd ek e f

W fhtnmiC ix d Spos ot the
Clat f An phs

Tt 4 &

1w REPropLOTIVE SySTrY

To ramne the Spermatheaa (Lig 39) —Ih
presang, with the cdue of the tnan i necdle
cut off the extreme tip of the ibdomen  the Tt
or aghth sogmentonly Plhe thisin vveny smnll
drop of alt wolutien  md tewe the frizmoent
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carefully apart A\ small black granule (some
times two) will be seen  Isolate tlhis 4s much 1
possible from other tissue \nd cover with - cover
glass

Obsers e under 2 low power 1 brown clutinous
bl Press firmly on the coverglss so a5 to rup
ture 1t Lxamune under one twellth inch

Observe the masses of fine hur like wtively
motile bodies if (15 15 probably the case) the
mosquito hs been fertilized  Isolate some of
thewe they possew the charncters of spermatoror
(g _39)

Examine the spermatheca of 1 mo-quito
ncwly hatched 1t does not contain spermntozon

To Lxasie T GUAFIES

Ixamne the ovanes of 1 number of mos
quitoes caught tn the room, ete

Obsersve that when the oy iries nearly rench
matunty they 1re rerdily detected 1s white arens
on either wide of the posterior part of the abdo
men 1nd that when fully developed thev occupy
the whole of the Iateral and dorsal portions of
this
Drag off the 1t few cegments of the b
domen 1 1 drop of salt solution nd llow the
ovaries to float out in this Observe that they nre
pyniform bodies the apex beng nbove (Fig 39)

Ascertun thit ewh ovary consists of 1 Tge
number of follicular tubes commencing As fine
threads 1nd ending 1n the oviduct  Observe
espeanlly the folliculrr tube formmng the apes of
the ovany as here this s most rerdily made out
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\scertun that each follicular tube contuns
several egg follicles the lowest of which is the
most s anced 1 development

Fu 33 Spermatheca wnth Spermat
Stew tur of Grare s

Note that these Intter show vanous stages of
development 1 the different mosquitoes  Note
thit euh consints of i outer lyer of small
cubical cells (folhcul i epithebum) tnd anomner
mass composed of from four to aght e cells
Note the hrnt appairuee of the velh wsmall o1l
globules 1n the lowest cell (the ovum) ind how
this tncre wes untib at neards fifls the folhde by
encronching on the other cells (nurse cells)

Obeerve in the mature ovum that the outer
corening 18 formed of the onginal lwer of outer
cells (folliculawr eputhchium)
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The following orgimsms may be found i
mosquitoes 1prt from the vanous stages of the
malnal parsite —

1 Locysted trematodes mostly found in the
tissues nenr the necl

2 Nematodes in the thorin or tbdominal
cuaty

3 Sporozonr (a) Sausge shaped bodies
masses, sometimes mn close connexion with the
saliv iy glands (Tig 40)

Octosporozon, conststing of eight small
stusnge shaped bodies 1 small cyvsts  enormous
numbers of which replace the yell of the ovum
Iy 40)

() "I lagellnte bodies in the rectum wnd Iund
gut frequently in enormous numbers, 1nd shewing
when stuned large numbers of developmental

@ J é?
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() Grogames In the ndult these have
Dreome encystrd i the mupichinn tubes  In the
Iars e the worm hie greganne will be found
winehy motile 1 the malmginan tubules

4 lhedaddopim embryosof e These
e «cen s susage shopod bodies wath ¢ termm il
sptf o the disscction of the <y Jlnds In
sections of mosintors they are seen i the moscles
especittly i those of the thoras

2 lhe davdloprd ambryvos of filarne m the
fibwm or 1bout the bise of the ne

6 Inthe oesoph el diverticul ¢ masses of
micro org wisms wd sporozon () will be found

Fo Ci1 S1emions or Mosctitoss

1 Kl some  tnopheles iy tabwco smale or
Mloroform o llow them to £l directhy into
Alsolute thohol by pourm,, 1 fow drops o the
tubc contunm,, them - \vard of posable mosqus
tors contwmng blocd s the blood bocomes very
haed

2 Alow torem unm cohol Bifteon minutes
to harden somewhat

3 Remove one In one Cut off with 1 finc
~eisors the fogs und wingy Ahke 1 mute
mcmon mte hoth the thorw and thd men e
holdin,, the mosquito Cardfully between the tmger
md thumb  shice Sl with v Sorp szor A
portion  of the domwm of the thorsn  wd v
mmutc portiont £ oone sk of the ihdomen
[has athows mere peifoet ponets ton of Hud

Reple cnoabsolute deohol (same withors
recompend b, moalcchal W the ne e the
S I ]

s ot
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The following orgnmisms m1y be found in
mosquitoes ap irt from the varous stiges of the
ma)anal parasite -

1 Lncysted trematodes, mostly found n the
tissties near the neck

2 Nemnatodes in the thoriy or :bdommal
cavity

3 Sporozot (a) Sausnge shaped bodies in
masses sometimes I close connesion with the
san v ghnds (Mg 40)

() Octosporozon, consisting of erght smll
stusage shaped bodies an small cists enormous
numbers of which replace the vell of the ovum
(g 40)

() Ilgellnte bodies n the rectum and hind
gut frequentls 1n enormous numbers, ind shewing,
when stuned large numbers of devclopmental

5 B 20

toe momm b
ork o M S Btey B 2

Bk b
Fiy 40 Prto 2 other than the Malarial Parasite
fund e Anopheles
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() Greanmes  In the adult the e hue
become encysted mn the madpighian tubes  In the
lirvae the wonn lile greg e will be found
wtnnely motile in the malpign tubules

Ihedavelopimg embryvasof il wine These
eSO s s iusage shoped bodies with terminal
sphe n the disection of the <y glnds n
stetions of mosquitce they e scenm the muscles
espectbly in those «f the thora

5 Ihe dovedoped embrvos of b i the
Tibium or about the bse of the e

6 In the ocsoph o d diverticaby mosses of
mro orgumsims uxl orozoc () will be found

To Cr1 Stcrrons o Maosptirors

1 Kidlsome Luoprere by tobwco smofe or
chloroform o dlew them o Tl directhy anto
tnalate thohal by pouring, o drops mto the
tube cont uning, them Mvord sl psable mosque
taes cont i, blood s the blood booomes very
hard

2 \low toremunin deobol hftcen nnnutes
to lirden somewhat

Remove me by one Cut off with t fme
sosors the s wmd wmgs Al e o mimute
moston mmto both the ther iy and abdomen e g
holdin, the mosquito Cachully between the finer
mid thumb  <lie off with @ sharp tzor A
portion of the dorsum of the thwin md 2
minute portion of one side of e sbdomen
Lins wlows more porfe t ponetr ion of fluids

Replwe m b slote alc hol (some sthors
recomnund bathng, m alachob o the e an the

Fon ekp t b ln B thm om
TS hw ANt e oo
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tincheve 1s expelled, and the nlcohol then pene
trates completely) Allow to remun one to two
hours  This which s to ensure complete dehyvdra
tron 15 the most 1mpo tant of operntions, and upon
1t depends the success of the embedding Make
two or three chinges, using 1lcohol to wiich CuSo,
n1s been added

5 Remove from alcohol and place for ten
mnutes or so in\ylol  When the thora\ becomes
trinsprent, the mosquito should be remosed, as
too long 2 time 1n \ylol produces much hardening

6 Place for ten mimutes in parffin (wrdep 46)
}\e;i’t melted 1n 1 watch glass on the heated metal
sla

Smenr 1 clenn wtch gliss with 2 hittle
glycerine and fill with parffin heated somewhat
over melting point  transfer the specimen to this
with 1 warm forceps to 11 oid cooling the paraflin

\rrange the specimen s required As
soon 1s the surface of the paraffin hns set, plunge
the whole massinto water, 1s parffin raprdly
cooled s more homogenous

If the watch gliss has been smeared with
glycerine 1t will be e1sy to remose the block

Cut out the specimen arrange s desired
for cutting transyersely, vertically orhonizontally
Take care that the top and boitom edges of the
block are parallel  Smear these with 2 httle
melted soft paraffin (made by melting 2 hittle hrd
pwflin with vaseling)  Tlus gives - unbroken
nibbon of sections

To Mount SecTions oF MosQuUITOES
Unless the sections are thick 1t 1s necessary to
(ntten them
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Heat some water in 2 dish 1 hittle befow the
melting pomnt of the piriflin - Test the nght
temper tture by dropping 1 <cction on the surfrce
If 1t medts the wnater 15 too hot  If 1t does mot
fiatten out the water 1s not hot enough

Drop upon the surf1ce 1 ribbon of five or sin
sections 1t will become perfectly flat 1f the
temperature 1s night

1 Smer some shdes with  solution of
pyronylon mm ol of cloves ( \ppendin) tiking care
to voud 10 excess [ owdr the shde ripdiy nto
the water 1nd wath the ud of v needie drw 1t
out 1, un with the sections ving flat upon at

2 Press ightlyv but firmly between smooth
Llotting paper  Protect from dust and allow to

n for twenty four hours or drv more rapudh
over the flame but 1vord melting the preaflin

When dry hold the shide 2 few seconds over
the flame this drives off the ol of doves nd
melts the parifin

Pour ovar the ~hide tnust xviol then nlcohol
wd finlly plce i w e

Mosquito tissues  ut <o deliwate thit n
mounting 1t 1 diflicult to word the <« parttion of
portions or the whole of the section  Thio s
cpetidly <o in the case of the chutim which
frequently bre ths tw iy

Onkrecta s method s recommended s givng,
awellent results

1 Ashde s s ired with v thin fitm of 1
minture consisting of two parts of commeranl
liqud glucowe ind  ne put of 2 solution of
dunten (dentnin 1607 water 170 oz thymol
13 grums)
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tinchene 1s expelled, and the alcohol then pene
trates completely), allow to remun one to two
hours  Thus, which 1s to cnsure complete dehydra
tion,1s the most important of operations, 1nd upon
1t depends the success of the embedding  Muhe
two or three changes, using 1lcohol to which CuSo,
has been 1dded

5> Remove from alcohol and place for ten
minutes or sonxylol  When the thorax becomes
trinsparent the mosquito should be removed, 15
too long 1 time n xylol produces much hardening

6 Placefor tenn minutes in par ffin (tide p 46)
Lle%t melted m 1 watch glass on the hented metal
sl

Smear 1 clean wtch glss with 2 little
glycenne, and fill with puraffin heated somewhat
over melting pownt, transfer the specimen to this
with 1 warm forceps to 1void cooling the paraffin

8 Arrange the specimen s required  As
soon 1s the surface of the paraffin has set, plunge
the whole massinto wter, 1s paraflin rapudly
cooled 1s more homogenous

If the watch gliss has been smeared with
glycerime 1t will be easy to remove the block

9 Cut out the specimen arrange s desired
for cutting transsersely, vertically or honzontally
Tal e care that the top and bottom edges of the
block are parallel  Smear these with 7 hittle
melted <oft paraffin (made by melting 2 httle hard
prrffin with vaseling)  This gnes an unbrohen
ribbon of sections

To MounT Sections or Mosguitors

Unless the sections are thicl 1t 15 necessary to
flntten them
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1leat some w iter in a dish a little below the
meltimg, pomt of the parfin = Test the nght
temperature by dropping 4 section on the surfrce
If 1t melts the water 15 too hot If 1t does not
fintten out the w iter 1s not hot enough

Drop upon the surfice a nibbon of five or siv
sections 1t will become perfectly flat if the
tempeitture 1s nght

1 Smear some shdes with solution of
pyrosylon m o1l of doves (Appendix) tthing cre
to nvoid an excess T ower the shide rapdly 1nto
the water nnd with the ud of 1 needle draw it
out 1gun wath the sections Iving fitt upon 1t

« Press Iightly but hrmly between smooth
blotting pper  Protcct from dust and allow to
dry for twenty four hows or dry more rapidly
over the fitme but woid melun,, the parifin

When drv hold the slide a few seconds over
the flime this drives off the a1l of cloves and
melts the paratfin

Pour over the shide hrst xvlol then deohol
and finlly plwe mn water

Mosquito tissues e ~o delicite that n
mounting 1t 1 difficult to 1vord the separation of
portions o1 the whole of the section  Thisas
especially so 1 the case of the clutin wlich
frequemly brenks 1wnay

Osrrccia s method 1y recommended s g ing
exccllent results —

1 Axhde s smeired with 2 thin film of 2
minture consisting of two parts of commerciil
hquid glucose nnd one part of 2 solution of
destrm {dextrin 16 0z water 17 oz thymol
15 grains)
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Chapter \II
INTERNAL ANATOMY OI' MOSQUITOLS

Tur Arrientary Canar

The 1liment iry canal 1s speciahized on tccount
of the blood suching habits of the mosquito It
differs from many insects 1n not possessing any
caecal diverticula of the mud gut It ~lso differs
in the possession of five mipignan tubules these
beng 1n 1nsects usunlly even m number (I 1g 30)

The parts of the ahimertary canals e 15
follows —

The mouth
The pharyn\ with pumping organ  { The fore
The oesophagus { gut

The cesophagenl diverticuln
The homologue of the proventriculus ) gy o
T'he stomch (so called) gut
The pylorus
The pyloric dilatation
The smAll intestine Ihe hund
The colon gut
The rectum with rect1l papiline

The mouth, pharyny  and oesophigus are
ectodermal 1n ongm and both the mouth and
pharynx 1re lined with catin The Jind gut 1
also “ectodermal 1n ongin 1t does not possess,

however, any portion lmed with chiin  ‘The
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mid gut 15 the true digestive portion of the
trct

The Pharine —The pharyns wlhich 15 lined
throughout 1ts extent with ¢hhtin passes upw wrds
and bl wards through the gangliomic ring
formed by the supra nd 1nfr oesophigeal
gwghn ind therr commussures Xt finst at 15
narron  but postenorly becomes 7 large chumber
(the pumping orgn)  (1g 43v)

1he pumping org i occupies with its muscles
~ large portion of the hend behund the level of the
cerebral ¢ inghn  In the state of rest its lumen 1y
trsrdinte i transserse section [he wolls are
formed of thier Farge 1nd thncl (hutinous plates one
pliced on erther side 1nd one superiorly  Into each
of thewe plates powerful musclesare imserted  Those
of the superior plate consist of two muscul ar msses
taling their orgn from the ocapat Thosc of
the lateral plites consist on e wh side of 1 wingle
Iar e musculr mass aosing from the literal
portions of the head  The plites e connected
By thin non (utinous membrine and their edges
re rolled <o thit they form 1 <pring < 1pable of
retnriing to their or il position so soon as the
separiting force of the muscles ce e

Postenorly wherr the pharyny becomes very
narrow 1 shurp bend occurs md vyalvulb o whon
s produced  The whole forms 1 verv powerful
suctorind appartos

Ihe Ocvsphayn -Immeditels bevond  the
pumping organ the (hitmous Twer ceses and
the rest of the fore ut s formed of excessively
thin membrane At the junctiun of the two
portions 4 shhup band occurs ind the floor pro
8¢t 50 15 to form 1 v bvulir flap

S
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The thin walled oesophagus 1s 1 Inrge dulnted
s1c whose walls re supported by surrounding
structures  Into the posterior wAall of the dil ited
and thin walled aesopliigus projects the papilla
Irtke 1nterior portion of the nmd gut

The Dicerticulu of the Ocsophagus —1 rom the
oesophigus two or three dierticuln symilar m
nature to the vesophigus extend bachw uwds  Of
these one 15 of grent sise and usually cont uns
aur This most usualls extends mto ‘the hdo
men nd 15 1 promunent object 1n dissections ind
sections  In the newly hatched mosquito 1t 1s
small but rapidly becomes Iarge enough to extend
mto the bdomen (I i1g 30)

T'he Houtologue of the Proventiculus — | here 1
no true proventriculus 15 1n many msects  There
1~ however an interesting fold of the fore gut
mto the mid gut which represents this orgn
The antertor portion of the nud gut has been
noted 1 projecting nto the diltted oesophigeal
pouch  Ths portion consists of both ectoderml
and endoderm 1l portions md represents the pro
ventriculus in other insects  The musculr bundles
are here increwed 1nd the whole forms 1 valvuhir
muscular organ (112 30)

The \lechansm of Feding —1he powerful
pumping wtion which must result from 1 drw
ing wsunder of the three Itrge ctinous plates of
the pumping organ 15 sery enident  lhese pltes,
alo when drawn apart must by rewson of their
<pring like shipe revert to their onginal post
tions Close together  without ny muscud v ud
Posteriorhy the valve lil e arrngement mentioned

before presents regurgitaition
Tlxlz Mid gut ZThe mid gut cvtends from the
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proventniculu  to the ongin of the mupighin
tubcs It comsists of two portions which mierge
mnto one another —n anterior narrow portion
and 1 lhege didated postenior portion wiuch
becomes greatly distended ifter feeding Unlle
most insects there e no (nec ] appendages n
the mosquito  Posteriorly there 1 1 marked con
stniction” with strong mus ulir bundles which
forms 1 very marked pyvlorus (tig ,0)

The anterior narrow portion of the mid gut
lies 1n the thoriy and doe- not become distended
with blood The posterior portion when fully
dil sted fills the greater portion of the abdomen
theviscery bana pushed into the 1 st few segments

The Hind gut —1Ihe hind (ut 15 short nd
pisses 1 oone or two bends trom the pylomus to
the anu  Inumeditely beyond the pylorus there
15t conmaderable dil ittion which 15 poarly sup
phied with musula fibre into this open the
ine malpiglunn tubules  Tor a short distince
burond this the lumen s narrow (small intestine)
but Dieome  gridully dareer (colon) At the
termination of the coinn there 1s 1 sheht constne
twon fter which the cand diltes agun to foim
the rectum (13, 39)

Into the 1cctum projact siv sohd growths
the <o ¢qlled rect1l  lands which we however
papihic  Postenorly the reclum ends 1o the wnus
close above the vnwphonc cnnl

The appindiges of the ahment s (anal
e

The Sahtary Clands The sabviny glwnds
cansist of six tubular wim Iying three upon erther
wide  Thowe of one wide lie generilly onc 1bove
the other 1in the long 1xas of the body their
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wtertor ends lving close agunst the prosternum
where the ducts coming from ench AGnus umte to
form 1 single duct  The upper and middle acm
generllv lie with their distnl ends close to the
proventriculus  The Jower 1cinus pisses towards
the thorwric ganghon  Occasonally an acinus
becomes bifid 1t A chort dist ince from its termimy
tton  \ rommon ibnormihity o 15 2 small
weeessory winus near the prosimal end of an
acms A duct i be seen trverang aimost the
entire length of cach acinus  Shortly fter lewing
the winus, the three unite to form 2 winele duct
The duct of erch <1de passes up mnto the necd nd
hies close to the nerve cords passing betwaen the
thor tue nd thecerebral ginglin - Bencath ind
contact with the lower sutfrce of the suboesopha
genl ganghon the ducts of ewh side umte to form
2 common salin vy duct wiich passes forwards
ind enters the chitinous first portion of the
ahmentan « al dose to the base of the proboses
(g _34)

The \lalpr hian Tubules —These re five
number ind optn tnto the fist portion of the und
gut immediately bevond the pyvlorus  Their biind
end~ e hield 1n position i the neighbourhood of
the rectum bv triwcheal Dbranches They prss
forw wds i loops 1bove tharongin so thit
trinsierse section 1s mrimy s ten my be seen
cut aLross

Tur Muscurar $¥stry

The chnef muscul r masses 1 the mosquito

\te tontuned n the thoriv  They are chiefly

muscles moving the wings and legs
Wing Muscles — There are two lrge muscular
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masses on exther side of the thorax passin,, from
the dorsnl to the ventral body wall  Between
these bundles there 15 1 space 1n the lower portion
of which lies the "himentnry cnal m un r tubes
and other structures  lhe upper portion of the
spice 15 occupled by 1 second series of lurge
muscular bundles pasing from the fiont to the
bacl of the thoriy ™ Nesther of these Inrge masses
of muscle are mserted directly mto the wings the
up nd down movement of the wings beng
sed by Alterations 1o the shape of the thoray
conseruent on the contractions of the sverical and
honizontal fibres respectively

There are however few fibres 1nsing from
the latern] portions of the thorin “nd mserted
about the base of the wings

Leg Muscles —These occupy but httle space
1 the thoray Thev rise to a [ar,e extent from
theinternal processes of the exosl eleton(ipodemes)
and are mserted into neighbouring portions of
the imlbs  They ance also from one segment of
A hmb 2nd are snserted into nother

The Mnsdes of the Body Se.ments —1hesc
nrise from one se ment 1nd ue inserted 1nto the
next  They arc uringed dorsilly ind ventrilly
n Iter] groups thioughout the Whdomen

A sml musle 15 ko situted on el wide
psing verti dly fiom the ter,um Lo the sternum
lhese on contracting flatten the abdomen

Muscles 11 | soqation wath the Uimentary
Canal —Severd rmport Wt muscular masses are
connceted with the Ligeclitinous pumping o 1n
A pur of muscles rives from the occipital region
of the (rosheleton wnd w~ inserted ynto the upper
pliteof the orgin Y luge muscle ir eson ech
side md s inserted 1nto cach of the Titeeal phates
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Loop branches prssing to the trunhs ntenor
nd posterior

Branches pusing i irds and supplymng
uscert Brmches from the fist second  tined
and fourth 1bdominal tridicre supply meunky the
mid gut those from the fourth and fifth the
ovnes those from the winth and scienth the
gemtal orgns

The Vascular Systom —As m most msects
where the respiritory system runifies throughout
the whole body the vascular «ystem 1 not well
developed \ dorsal vessel or heart nd n
antenior prolongation of this (1ortn) are the onh
closed blood vessels  Apart from the dorsal vessel
the blood circulntes in 1 irge blood spaces which
lie between the lobes of the fat body and wmong
the muscles ind viscern

The dorsil vessel passes close benenth the
tergal plites throughout the 1bdomen It 15 veny
thin w illed 1nd 15 not provided withvalies The
upper portion v Attiched to the dorsum it
nteny s by suspensory fibres (muscular) so thit
1 festooned appe irance 1 ginen in longitudin il
section  There v howeter no true division mto
compartments 1 terilly Tirge cells (penicardisl
cells) e arranged throughout it entire extent
and hibres of + muscultr pature (Al wy musce)
pss from the body w dl and end in brnches
(lose connenton with the doral vessel

At the first thdonmd <egment the dorsdd
vessel dips down beneth the mesophragmn
Jyng s 1t does <o m direct contict with the
cuticale  In the thoray it agun trches upw ards
and lies between the lower portions of the
antero posterior wing muscles close above the
antertor portion of the md gut
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In the sntenor third of the thorax it diades
nto two smaller portions which pas outwnrds
and coming 1M contact wath the stlivary ducts
enter the nech

Blood spuwes without definite walls occur
throughout the body  The thoraix espeanlly con
tuns large spaces among the muscles and the
complex fat body which fies between nd sup
ports the organ 1+ (v erywhere bithed with blood
flud

Tue NErRvOLS SysTFM

The ganghome system in the Culicrdae 15 con
sider1bly developed The hiead ganghia are large
and complex The thoriuc gwnghy are luge
nd compres ed s0 as to torm A [irge ganglionic
m1s  The ganght of this svwtem are as fol
fows —

(¢) Tvin, around the pharvay s 1 ging
home nn,, composed of lirge suprn wnd infru
oesaplingend anglivwath thewrommissuces T rom
these large nerves go to the eyes wtenoe and
mouth parts

(b) Inthe thorw lymg below the oesopha
el divertvulum and closc to the sternn 1s
Tree compound 2 inglion showing evidence of its
ongn from the conjmned ranglin - Between thns
and the hiend ginglivare two long <lendes nerse
cords which pass in the necd n close relation
with the sibvary ducts Trom the thoreie gan,,
hion 1uge nerves pass to the imbe and postenorly
nerse cords connect 1t with the first "bdominal
ganglion

(t) The abdomny ginghh lie wath ther
connecting commissures close upon the Wdommal
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sternn The Iast ganghon lies Just below the
junction of the oviducts to form the common oy
duct A lrge nerve passes from 1t among the
viscert of the Inst few segments

The Vasceral System —Sm ! ganglit con
nected with the mun ginglionic svstem occur 1n
connexion with the viscern  The most important
of these 1re two smll groups of large nerve celly
lying 1n front of ind aboxe the thorrcie ganglion
with the mddle portion of wluch they are con
nected by nerves  Thev Ite Interallv beneath the
oesophageal diserticulum nd 1ntenior portion of
the mid gut and are not far removed from the
salnry glinds  Another small ganghon occurs
above 1nd in front of the prosentnculus (INg 34)

Tur Reprobternr SysTEM

The org ws of the reproductine <ystem re —
1 Ovanes
2 Owducts 1nd common oviduct
3 Mucus glnd and duct
4 Spermathecte 1nd ducts
Theovanes occupy 11 ariable position depend
ent upon the stite of their development In the
newly hitched mosquito they are smail Dodies
Iving in the fourth and fifth bdomm 1l segments
lowe by the posterior partion of the mid gut nd
attwched to the body w1l by numerous trichere
As they enlarge they push the mid gut hind gut
and malpighi in tubes towards the ventrum, so
thit eventually the ovanes occupy neurly the
whole of the posterior portion of the 1hdomen
1 2ch ovane consists of yery many follicular tubes
ech cont uning egg follicles i differcnt stages of



139

development  In the mature ovary the lower
folhicles hve 1 every tube become the large
completely formed egg (Fig 39)

The oviducts e muscuf i tubes p1 sing from
the ovies  They join beneath the rectum to
form the common oviduct which 1s still more
abundntly supplhied with muscle hbres and which
wentunlly opens beneith the wnus

The spernnatheca 15 1 chitimous sac which in
the ympregnated femnle s filled with 2 mass of
sprrmdoson It duct w long and twasted and
opens mnto the common osiduct nenr 1ts termina
tion

The mucus glind globul ir or ovord m shape
opens by 4 short duct into the ame region

The Iat body —The ndipose tisue 1 disposed
M WO BWys

1 As  general imng to the bodv wall
Long nenrly evervivhere present directly beneath
the cuticle wnd

2 As lobulir mawes lying i umong the
orgnns 1nd musles  Thus 1 Iarge pd lies over
the compound thorcic ganghon and <ends pro
cesses which lie m imong the salivary glnds and
other vicery  Other smaller masses hie n the
hend and 1bdomen

HisToLoGY

Methods —~—The eximunation of the freshtissnes
frequentls revel structure not caaly seen m fixed
prepiritions  The tissues we Dest dusected out
m pormal sahine of low tomugty o3 or o4 per
cent  woansect jusces h e 1 lower sotonic point
than those of mummals  Better preparitions of
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1 double thickness of mid gut wall ns well s the
fore gut There 15 1n ncrense m the musculae
fibres of the mid gut 1t this pomt, espect il the
arculir fibres so that 1 very distinct miss
formed homologous 1o the proventriculus of many
msects  There 15 no clutinous development how
ever, ind the structure would “ppetr to 1t only
as 1 musculir spluncter (Tig 30)

The Hind gnt —The niture of the epithelium
and rrangement of the musculrr fibres differs
somewht in duflerent portions of the lund gut
Structuraibly the small and lIrge intestine e
sinnbu winlsot the dilatation bevond the pylorus
and especilly the rectum differs from these

Lhe dil1tition which occurs At the ongan of
the ntalpiginan tubules 1s thin wailed nd poorly
supphed with muscle fibies The <ells hmne 1t
wre sm il and flattened

The mtestine 1s lined with 1 <mgle lnyer of
Luge cubtc d cells  evternal to these 1s v muscul i
cgit  The cells of the intestine hive large nuclu
which hne v simmlar though more open trnge
ment of the chromatin than the nuclet of the nud
gut  The protoplsm s finels reticular wid st uns
Iess deeply than the cells of the mid gut Stuned
with HLipLynLiy s hemitony hin, no gromnules we
present s 1n the cells of the nud gut — They hne
no strited border

In the rectum the cells become smll nd
flittencd  There e here however bodies usunlly
termed rectal glands  These are papidl e covered
with 7 siagle e of much i pertropined clls
resembling those hing the small intestine wnd

colon
The mustular system of the hind gut s very
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sundar to thi of the mad Lut conssting af veny
trge Tusform struted cells arrngod urcoluh
wd Jonystudinally The arcul i fibees w the
smatl mnfestine he outwde the longitudinal and
puss sprradls round the mud jut lowards the
termun itton of the testsne Jongitudmal fibres
10 hie outsade the vl In the rectum ind
autendmg throu hout the nnd (ot md mid qut
w both nopheles and Crdee thes we n v hirge
proportion of spramens sw ums of 4 flgellte
orgmsm (31, 40}

The Saly ary Clands e <abvany a0 he
iy ceftoan the fit Dody wiach datter comes m
cdose contact withthe Jbmds bk Jlad wious
consasts of 2 wingde Tuer of b o sedls frmted
externitly v o dilicrte sheatdh (b somant mem
brane) md mterndiv By the mtr S mduta duct
wall

In trsphedes the mte o Jindolar duct breomes
Bregee et approsches the tomnnabon of e
acwes wd forms 1 g oty

I Coley the dwt nmuns of the sume diy
meter throw hout the wnus ud termhimdtes
hrapth netr the cod of the sunos nithont uny
dsfat wion

In both Cndex and nophedes there wre two
types of gtuul wmoes Ehes ot recoany bl
bothe e the fiesdy glid md in Sied sproomens
from thoe appo e i the Ditter thoy moo e

termed () The gymudar tvpe

£} Phe ohoar arcoltkond e tape

Fhe Cyamulur Pafo— dhe gt portion of

the wings Oonssts of aelh whome nuckios md

protophsm b bren pushed to the outs portin
1



146

of the cell by 1 large mass of secretion, which
cccuptes nlmost the whole of the cell  In the
fresh glind this secretion  ippears 1s 2 clear
refractile substance, and c 1, by pressure be made
to exude from the cell in refriwctile globules In
specamens hardened 1n 1lcohol this clear secretion
appers 15 1 grmulir mass occupving the greater
portion of the cell It stuns funtly with hiemn
temn and shows under high powers {one siteenth
o1l 1mmersion) A corse reticulum and 1<ohited
globules an ippearince prob bl due to the pre
cipitation or congulation of the secretion by the
aleohol  Considerible 1 arintions exist houwcver,
m the 1ppearince of this granular <ecretion both
1n the diflerent mosquitoes and 1n different parts
of the sume J1ind  In dnopheles the greater por
tron of the glwnd contans cells densely crowded
with grinudr materninl - Very frequently how
ever the terminil portion contuns cells m wlich
only 1 few lirge globulir masses exist (Iig 38)

The protopl sm of the cell occupies m the
fully matured gland only the ¢xtieme periphery,
and the nucleus wluch 1 much degenerited 1s
pushed to the outer portion of the cell and usuilhy
lres 1 the wngular intery il Teft at the brse of two
or more contiguous cells  In the granular type
of gland this divtppenr ince of the protoplasm wnd
nut leus from view 15 more pronounced than in the
clear tyvpe of glnd

The Clear or Collard lihe Trpe —Of the Tt
mentioned type there we two i upon uther
aide of the present type there 15 but 1 singlhe
Acinus upon erther side which usunlly hies between
the two i of grnular type (Tig 38}

In the fresh gland the cell outhines 1re not <o
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distinet s 1m the grmular type, and the secretion
when extended by presoure 1s ntuch less refractive
In tcohol hirdened speamens the ncinar cells
contun 1 lrge mass of dewr homogenous secre
tion wlich s m the lst mentioned type fills
ilmost the entire cell ind pushes the protoplasm
ind nucleus to the periphery

In the clear type however the protoplism 15
alwys mn grenter wmount thn s the case with
the grinulir type ind the nucleus never becomes
so greatly degenenited  Tle clear homogeneous
secretion st uns re dily with haematemn nd may
eten stun quite deeply  \With Hemenmins
hiem tovyln it [requentls bec omes dmost binck
It resembies very much wn ipperwrince collord
sub tance s 1t s seen n the mmm linn thyrod

In nopheles this substune so distends the
centril duct space witlun the wmus  In this
sitition  in appe nnce 15 sometimes produced
winch resembles funty tuned sporozoites but
which 15t normd condition

The Matwation of the Clands —In freshly
hatched mosquitoes both types of winus consist
of Inrge ghandulr cells wrin od round the hunen
These contun « Lirge centr Jdlyv siteted nucleus
ad e potopl sm cont unsn,, 1 large number
of cowe rmules stumng with hiematem  In
the portion of the cell neirest the lumen v wuole
of varying wize 1s mituated  This s the commence
ment of the e miss of secretion which 1 the
mture glod occupmes the entire <<l In the
~imular tvpe of wnus the v wuole contuns
grinules 1 the dor type it resembles the collod
I Csercon (L, 36)

Turther \ artations tn the Cells of the Salnan
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dan—In the granular tvpe of gland the greater
portion of the wmnus 15 composed of cells of the
charcter described above A portion howeser,
usudly exists wihich differs constder thly mn strue
ture  This portion ndjoins the duct, and mnv m
Anopheles reach 1 much s one quarter of the
entire gland mn length  In this portion of the
glnd the cells 1re much smller than those con
tuning the granular secretion so th it the diumeter
of the nrcinus 1s much less here, ind 1 sudden m
crease tles place when the portion contuning
the granular secretion 15 reached  The cells
Iying towards the duct differ from those Iing
towards the aanir end of thus portion  Ihere
15 however no line of demnrc 1tion between them
the one giadually becoming chinged into the
other In the centre of exchcell 1s 2 cler body,
pushing the nucleus and protoplism to the outer
portion of the cell  T'ow wds the duct end 1n the
centre of this clear substance 1s 1 darker portion
continuous with the duct lumen s the cells
come to lie neater the distal portion this central
dark Jumen becomes obliter ited  I'lus structure,
though present mn dnopheles my Dbe absent m
Culex  In certnin Culer another varntion in the
glnd cell- frequently occurs  The portion of the
glind hing close to the duct mstend of bemg
less 1 ditmeter 15 grenter  The cells composing
this portion are columnar i shape with centrally
situited nueler mnd no contuned <ecretion

In cert un specimens 1t 15 not uncommon to
find cells occupyang 1 peripheral posttion nd not
ippronching the lumen which contmn 1 substance
resembling the colloid Il e «ecretion of the clear

type of gland
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Changes after I'ceding —Very little change
occurs 1 the glands ~fter feedmg  They e for
the most part sull quite fuli of secretion  Probably
1 very small amount only of secretion 15 used
with each puncture

The Ducts —1he mtra nainnr ducts vany 1n
Culex and dsmopheles  In Culex they remmn
narrow and tubul ir throughout the entire lengtl
of the glind  In lnopheles they become large
spaces m both types of 1w but espeanlly an the
clear type  The duct 1s Lined throughout by 1
clear homoseneous steletnl matertsl wiich
continuou  with A sitnud ar subsiance dividingg the
cells of the gland {rom one nother Into the duct
the secretion filled cell opens by mens of 1 small
opening

The duct After lexung the runus consists of
A thid walled tube with 2 central spiral thre
resembling the spuds in the trcher The wal
1s homagencous but cont uns m s nulet

The Malptolan  1ubnles —Lhe malpighian
tubules are tubulir bodies with <rwecal ends
wiich open mto the hind sut  The cells ar
extremeby lirge bein, next to the pericardid
cells the lwrgest 1n the body L cell contune
1 hiege nucdleus  nd contuns numerous irge
granules wlhich stun fecbly with hemtein but
powerfulls  with Hrimiamisvs hiematonvlin
Numerous ftty rinudes are also present  [ach
cellis wrapped 1tound 1 centend fumen the cell:
bemg, arrwnaed alterntels o that 1 g o
Appenrance 15 nen i section  Fhe inner portior
of tach cell 1s marhedh stinted the lumen being
thus bounded by v stnnted e In reltion
with thes tubules 1 1irge number of trachie e ind
trachoal end eckls et
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In certun conditions the malpighian tubule
cells may be found quite free from granules,
though otherwise unchanged Thig change occurs
in mosquitoes with Iarge numbers of 1 flagellate
organism (previously noted) m the rectum and
hind gut

The Muscular System —The musculr fibres
of the mosquito are without exception stnted
Those of the wings differ 1n structure very much
from those of the limby ind body segments 1he
muscle fibres of the “hmentary’ canal are lirge
fusiformcells with 1 singlelrge nucleus with some
surrounding protoplism  The muscle fibres 1n
connexion with the henrt are much branched

Miny of the fibres contun « very marked
sarcolemmn nd spice between this latter and the
fibre  This spxe 15 usually seen occupred by
extremelv delicnte branclung thrends which strun
feeblv with hnematem

In the pupie there exist some lnrge cells of
peculiar ndure m wsocition with the sheaths of
the muscle fibres

The structure of mnsect muscle 15 described
1 many worhs on lustologs nd does net need
repetition here

The Tracheal System —The Inrger trichealves
<els consist of 1 single Iyer of flattened cells wath
an mner <ntinous Itver  Insmaller tubes the cells
entbruce the entire vessel the nucleus frequently
bemg bent around the lumen  The <cls of the
irachienl vessels contun numerous small clear
vacuoles {(hitin form tion)  The (ntinous lining
possesses 1 thichening, 1n the form of 1<prral thread
which mav become unwound and lie stretched 1s

1wy thread in fresh preparitions
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The smnller tubes contun the spir il thrend
until they becone from 2 to 5 e in dinmeter
They then dinvide to form bundles of excessnely
minute ur ¢ptilanes which enter tmong the
tissue cells  The division into capillunies tahes
pluie 1 the substace of lnrpe brauched cells
situnted it the terminwion of the trachenl vessels
I hie cells often 1pper «nbnform i section from
the number of ur capalianes These cribriform
cells 1 connenion with the tracheal endings we
well «cen 1 the mid Lut nd malpighinn tubules
Thiey are however seen best of il i the unde
veloped ovary of the newly hitched mosquito
which s extremely rich in bundle of ¢l
ur tubcs

The V ascular Svstem —The dorsad vessel 1s 4
delicate w dled tube composed of longitudmal
and oblique tibres with 1 wucleated yner Tver
The fibres may be traced duecthy from the term
ntions of the brnched 11wy muscle fibres  The
Alry fibres broad up mnto fibres which pass in
closeconnexionwith the lnrg e pericardid cells and
eventually form (1) hbres passing into the dorsal
vessel 18 longitudinal tibres () fiibres jounng
an anastomosis n connexon wath the floor of
the dorsl vessel

The penic irdind celt e extremely Iarge celis
Iying on erther wide of the dorad ve wel through
out 1ts whale extent  They are by far the Tgest
¢ells 1 the mosquito v uyingfrom 30 4 to 50 pin
Tongitudain il dimeter  Fhey e elong ite or pear
slipe in form and <ontun several nucler  The
nudda uatlhy show signs of degenaration {he
penpliernt portion of the cell stuns more decply
than the centrnl portion winch contuns the
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fucler and smll stuned granules  There are 2
considernble number of msses of 1 hight vellowsh
pigment resembling that found in the Inge s
ceril ganghn cells ~ The fibres from the brnches
of the alwy muscles piss over ind around the
pencardinl cells to rench the dors i vesse! 1 rom
their structure nd situation the pencardinl cells
?Ippe'u- to be of the nature of ginglon cells
g 3-)

The Tat body —The fat bodsy, both where 1t
oceurs 1 1 portion of the body wall ind where 1t
ltes s free lobultted masses consists of cells con
tuning numerous o1l globules The cells e of
consider ible size and therr borders may be fre
quentlv tied 15 polygontl irenws  “The nudler
ire oval 1n shipe with 1 central mass of chro
matin ind chrontin thrends  Beaides o1l globules
the cells contun grinules stumng with hiematein,
wid munute droplets of 1 lughly refractile dark
substince which gives the nppearance of prgment
These droplets tre Fiurger in amount in old mos
quitoes than n those freshly hatched (g 32)

The Nerious System —The ganghn of the
g inghonic system conwist of an outer portion of
nexve cells ind 1n inner portron of non medulinted
nerve whres  Considerable complexihy exnsis m
the lurger gangha especinlly the head gingha

The ngln of the visceril system differ
greatly from those of the ganghionic system  The
ganghon cells are few 1 number 1nd of Irge
size  Thev possess cleu reticalte protoplasm 2
httle denser iround the periphery thin m the
centre \round the inner margin of the denser pest
pheral portion small stumned ports are uringed
In the centre 1\ nable number of granules of
e ek riamAnd ayrct
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The Reproductiie System —Lach ovary con
sists of 1 lnrge number of follicular tubes whose
lower ends open into the ovirn tube and
whose upper ends terminite m 2 delictte sup
porting filiment (termunit hlament)  The apex
of the ovary 1s formud of 1 single folliculnr tube
whose fitament 15 nttnched to the fat body of the
fourth segment

Around the whole ovary there 15 a dehicite
nucletted sheath

Tach follicudir tube contuns one or more
egg follicles 1n dillerent stages of development
In the freshly hatched mosquito ech folliculnr
tube contuns m undeveloped egg follile  As
lus develops 1 second and A thied undeseloped
follicle appenr 1bove 1t which Agun undergo
development 1nto mnture eggs  The follide at
first conaists of two 1o four large cells with Inrge
nucle1 surrounded by 1 wingle 1wer of smaller
epithelial cells (Thy, 39)

The central cclfs then mcrewe 1 1ze nd
number <o that many verv large cells are con
{uned 1n the now enluged follicle The sur
rounding epathelinl cells 1lso become larger nd
rypudly 1ncrese in number so s to form 1 Lwer
of regular cubil cells surrounding the folhicle
Lhe centsd cell ne uest the ovanan tube 15 the
ovum the rest we nuese cells ind eventuntly dis
appewr Both the ovum and the nurse cells in
crense grently insize Lhe nurse eclls have clenr
protopltm and extreme v Iirge nucda which
exlubit I aryol metie figures  The ovum cont uns
very numerous voll grainules which occupy the
whole of 1ts substince exeept 1 thin o ting
of granulw protoplwm  Stll Iater thes thin
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externtl Inver ¢an only with difficulty be made
out (T'ig 39)

The nucleus of the ovum undergoes very pro
nounced chinges It appers vs an arregulw
mass, stuming umformly with nuclear stuns
This mnss becomes more 1nd more distorted nd
brolen up nd eventunlly disippetss It may
frequently however, be seen 1s irregular masses
of st uning matenal even 1n the mature egg A
portion of the nucleus 1s seen very el to be
sepirtted off from the rest often surrounded by
the Intter This portion (femnle pronucleus) 1~
smnll and difficult to detect 1n sechions n the
more mature ovum  As the ovum mcrenses still
more rapidly i bull, the nurse cells become
crowded wita the distl portron of the follicle tnd
eventually disappenr, so that, in the mnture egg
no trice of them 1s to be seen The epithelrl
Inyer surrounding the follicle becomes much
fIattened 1nd forms eventually 4 covering to the
egg (chorion)  The outer portion of this covering
(exochonon) 15 transparent, 1nd marhed with
oblique parallel markings  Over the proximal
end re¢ the end lving townards the ovarinn tube,
the <horion forms 1 globular mass ornuunented
with rows of pits  Tlus 1s the micropy hr appart
tus through which the spermntozot penetrite the
ovum

Frequently in  lnopheles 1 ltrge portion of
the whole of the 1dult ovum consists of 1 mass of
sporozot  These consist ol numerous smll cysts
each contuming exght round or crescent shaped
bodies erch with veentral ciromatin spot (g 40)

The ov2r11n tube 1nses m the centre of the
oviry 1nd recenes on all sides the follicular
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tubes Itis hined with 2 <ingle Inyer of small
cubienl epithelium  After prssing out of the
ovary, 4 considernble number of strrited muscular
fibres are wran,ed 1n 1 loose network around 1t
and piss from 1t to surrounding structures  Therc
re 1ls0 muscul i {ibres 1n the ovary ateelf in con
nesjon with the ovanan tube and eqg follicles
The spermthec consists of 4 chitinous sac
with lirge cells Iving esternally  These resemble
the cells of the cuticle 2nd contun droplets
They do not cover the whole of the surfrce of the
spermithecn  The contents of the sperm itheca
m the fertilized nsect consist of 1 miss of sper
matozon which in the fresh state may be <een
rovolving wath gient rapidity within thesac  Ihe
sperm 1tozon hwe a narrow shghtly curved head
and tlong tul  The duct of the sperm ttheca 1o
narrow nd thid walled and contains musculr
fibres  Certun Inrge cells he in connevion with
the duct externaliv - The mucus glind contuns
cells filled with sceretion There are small nuclos
i1 connenton wath the intr wanar duct (Mg 39)
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Chapter 11T

TO COLIECT AND PRI'SCRVE
MOSQUITOFS

How To CoLrrrcr Mosguitors

Mosquitoes may be collected 1n two w s —
1 By capturing the adult flies
2 By breeding out from lanae nnd
nymphie

1 Setrch m the diytime m houses, huts
and out houses, 1t the bise of Inrge trees amudst
brushwood, wnd other dark or shaded plices
Anopheles however re rarely ciught except n
huts 1nd out houses  They 1re especrally fond of
lcow sheds 1nd the darker portions of the evses of
wts

Some species of mosquitoes m1s be cught by
«itting with 1 ight near 1w hite wnll or suspended
sheet or mside 7 tent, near 2 jungle or marsh
Culen and Taentorlyncus may be found sitting
on the surface just bevond the bnghtly illuminated
arev  dnopheles e rarely cught mo this way
but one species 1t least {1 barbirostiss) appears
to be nttincted by hight and wns ctught by us on
an 1llumin ited sheet 1t mght near swamps lwnd

In sewching for ndult 1nophelis s many
places 1s posaible <hould be examined ns the
distribution of some species 1s very local
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1f the eaptured msects tppenr to hase fully
matured ovanies, some of these should be plced
m bottles 1s previowsly descnbed (p g7) and
allowed to lay their e gs

If care 3s tnken to plice anly one species 1 1
bottle the chircters of the ovum muy be noted
m addition to the dult insect

Some of the ov1 hould be pliced n fresh
water and i attempt made to determine the
charncters of the Ty 1(p 73) when 1t has hatched
out 1nd 15 sufficiently Lrown

2 Brudmg out —lull grown linte and
especiilly nvmphie  are collected  [hese e
collected from evers possble source ¢ wrcely
un water will be found free from some form of
mosquito larvae  Cien strongly bracd ish waters
contunmg over one per cent of »alt often contrun
Irge numbers

1 \mine water from the foliowing sovrces —

(1) Domestic utenwiis asterns  tins pots
calibnshes 1 which there b been water for
three or four dws  lhe linne of Stegomvia
Culin ete nd only ruely  lLrophdes wall be
found

(1) Cess pits pools full of dec yying leaves
ete sewgeditches  Notehin e of cert un species
of Culex et

(m) Obsene preence of the luvie of
Stegomyia and Culer m the water which collects
mthe wls of bhinwm e wes ind other plnt
Ao vecwion iy Yanpheles i 1rge collec tions of
water of this 1ind

(1) Puddies of U1 1mds with ind without
i, 10, ponds twls swomps nce felds ditedies
cunly, nvers strevms 1d e margms nd wells
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sctles are rubbed off, and that 1 ecrookedly
mounted specimen 15 better than 1 rubbed one

5 Push the pin sterdil through the thor,
s0 thatit emerges 15 ner the centre of the dorsum
of the thor 1x s possible  [Practise mounting by
forcing the fine pin through without ~ud from the
other hind ]

6 Huing transfived the mosquito, force the
point of the pin one nuthimetre bevond the bk
by pressing 1t 1g unst the smooth surfrce of 2 cork
or tissue prper  The pin should not be pushed
through too far 1s 1t prevents the lens of the
microscope  being  brought  near enough  for
exmin ition

Fo, g1 Authors Mothod of Prescrimy M ity s

7 Plang the dis] agunst 1 cork, pass
crefully through the edge 1 large entomological
pm Tl 15Ymed m the ruierse direction to
the fine pin orce three quarters of the length
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of the irge pin through the crdbo wed disk and
then firmly press the pomt mito the corh of ¢
s}vkumen tube so thit wien the tube s corled
the mosqutto s nside (1, 41)

In damp cimates 1t mn be neces ey to
Cuefully dry the tube  od anscctin 1 dessic dtor
{over sulphunc wad or hme) or Iy L{)! wing, m the
sun or warm pl e to provent moud s how
ever s but sdddom roquired  Mites e gasely
seen m anects prosenved m tubes o dosonbed

Wate un wformtion eg  locibity date or
reference number wpun the outer i face of Hi ek
And on the (dyg of Uk Cardbowd dise Tor trans
mnsston A that o nrcesaan s to purch the tobes
munoolm thoy md send v post Packed m
this wy they wre far morne sccute thin when
mountcd 1 the ordmary 8 1vom i entomotogral
boy  Mosquitors for the Britsh Mustum should
be nddressed

The Ihrctor
fhie Broteh Ma cum
N atural Historny
Lromwadl Rowd Tondon SW

Fode nour v ts to send both e ud
fomde sthomttwoolowh md whit s of the
Bretest possible smportanee for the Wvae of
our Inowkdm of mosquto obistde tion the
reefut descaption of ov e and b ac

Nt R om T N S TR
nount moag 1 h vtbaoas et () nih
phe d o et i papee s g DA 6 th
fubett cthm gt o th v ol 4 7 by
whi {1 tec st nt thes catedu b Testd aum

At
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To Mount Portions o Mosautrors
PLE vANENTLY

1—T t1gs —Clip off one or both wings s
near 1s possible to the thoray, <o s 1o woid
cutting the base of the wing rtself

2 A\llow the severed wing to fall m the
centre of 1 clean gliss shde  See that the dorsal
surfce of the wing 1s upw wrds

3 Plwce one or two very nunufe drops of
thic] Cnada babam it some distance from the
wing but witlun the aren of 1 coverglhes  This
1 merely to hold the covergluss firmly 1n plce,
the balsim must not be nllowed to touch the
wing
Press 2 corverglws firmly down on the
Canada baleam  IF at 15 desired, the coverghis
may be ninged with paraffin or some matertil
which will not run by capillanty beneath the
covergls

I'e s —Mount the legs of one side i order m
a4 smdir wy

Mount the palps and proboscis

Mount (@) The mnle ungues

b) Scales from head scutellum, etc
{c) Wing denuded of <crles

In Cwadn babam by placing 2 drop of bal

sam on these and mounting 1o the ordinry w2y
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Chapter 111

ANOPHLITS  LENILRANAL WAIOMY O
{HI IMAGO

To Hhw

1he head s composed munh of the tuo
firge compound eves  These mect bedow wd
ippronch one wmotheryers dosely above

Parts of the head  The foltowsng e the
sl names for the different regions of the hed
{Trg 42

t Thenipe  the oxtrume bachof the b ad
The ucaiput  the portion belind the ves
The vestex  the space betweon theeves
The Trone the spt e an front of the eves

5 Ihegeny the wde of the head below

the cven

The frons s troaudu mshipe with one
mgle directed downsards 3 rom the upper twn
angles s the atennae and from the dov or
projots the dyprus doing over tht bue of the
probo Gis

Tlethpn  Progtsover the b of tu
probo os w0 prabmgttion of the fun Fin
charcter of the (vp s s of specitr tmpart wce
tis

FNva

3 Hary an Cudex
2 Soalyan Mo, g
3 Nud.m Joblots:
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The Antennae —Consists of fourteen to siv
feen segments, of which the bwal one 1s large nd
alobulm  The plumose antennte of the mnle
readiy distingwishes 1t from the femnle

i
]

R s

ap s
s
(.
G pu
ap f
Al n
sty
P 2
o, v
St m. S Fllm

Tig 3 Lxtersal Anctomy of Lemale nofheles

The Pyoboscis —1he proboscis consists of the
very Iighly spcanlived mouth parts, ensheathed
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1 the lower Iip or Tibum  The probosais con
sists of ([1g 43} —

1 The Tibium forming the sheith
2 The Inbrum and epiph wrynx

or upper hp forming
3 Fhe Wypopharyny or tongue the
4+ Two mandibles j styfets
5 lwo maaline
6

Two munallry palps

N

Tig 43 Theled as (I daam misnlt) after NiTiaa
antSmtrey Rukthwd r s ten flvds s
hel dpiaent hun

The Tabtam —The hibium forms the thuck
nd sealy probosos s usually scen  Onots doral
surlnec it is hollowdd out and n this hollow run
s 1 sheath the pieran, mouth pirts or stylets
(L1g 43)  1he Libwmatself does not penetrate
the skin but becomes sharply bent during the wt
of liing Just W when q cane wallang stk s
pushied npunst the ground  This may ewaly be

seen if 1 mosquito s watched duning, the process
of bating
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The I abellae —Attched to the end of the
Inbium by 1 hinge jomnt on either side re two
leaf ke processes, the labellne (Tig 43) It s
through the angle made by the two Libeline thnt
the stylets pass 1sa billard cue, Detween the
first nd second fingers (NurTaLL “nd Suiprry)

The Inbuum proper stops short 2t the point of
Junction of the hbelll’qe but 15 continued on 1ts
upper surfce 15 1 blunt point covered with fine
hurs (DotToN)  We niny likenat to v pen con
tinued on bevond the penholder, the junction of
pen 1nd penholder beng the point af wiich the
Inbellne tre hinged on

Dutton s Membrane —The aren between the
end of the labium proper 2nd the extreme tip 15
covered by n extremely thin membrane (Dutrov)
In the act of biting, when the labellae are sep)
rited this membrane 1s somewhat ctretched nd
apphed to the skn

Tar Escape or ThHE TiLariaL Lusrio

It hns been <hewn by Low and Jawrs that
the filinl embryo occurred m the proboscis,
according to Low 1mong the stylets  According
to Dutron the embryo lies relly m the tissue of
the fleshy Inbium moreover with its head it the
level of the membrane descnbed above ind
that 1t 1 by the rupture of this excessively thin
membrane thit the embryo escapes  Grisst 1nd
Not thinl thit the embryo escipes through the
mddle of the bent up Iabium through 1 rupture
it this pomnt but Iguﬂo\s explurtiion seems
more likely

The eprpharyny 1s the central tube through
wiuch the blood 15 sucled  Its poiwnt slopes off
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somewht like the tip of - hypodermic nerdle
In cross section 1t has the shipe of an @ the com
pletion of the tube bemng formed by the appost
tron Lelow of the Invpopharyny  The Inbrum 1s
blended with the epiphirvoy but does not extend
to the tip

Lhe hypopharynx 15 1 tinn flat two edged
Thmell s closely applied to the under sutface of the
epipharyny Ity prerced by the sabinary duct
down which the salivary secretion 1nd sporozoits
pws  The openin, of the duct 15 continued s a
groove geacling dmost to the tip of the Inpo
pharvny

Iig 43n Shomg Do f Lharvmer misalwan [ amps
tothe vl 18

The mandiblcs wre very fine ciutinous rads 1n
cros section crescentic e shape At the up of
the mandibles wre thout thirty serrition  though
m certun speac of Culen these appenr to Te
“hsent

{he mandibles we closely applied to the sides
of the epphannn

The mavilue e stouter than the m indibles
amd fit around the suter ade of these el the
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hypopharyny  They h e 1bout twels e serrtions
at the extrermts coarser than those of the mand:
bles  In some culices papillne replice the serrn
tions

The Maxulary Palps —These lie upon erther
side 1nd somewhat dorsally to the proboscrs  In
the nct of biting they tihe no part but are then
separated from and lie 1t night 1ngles to the pro
bosas  Differences 1n the palpr e of both
specihc ind generic 1mportance

The expanded ends of the palpt 1n the mue
Anopheles nre even more conspicuous thin the
plumose ntennte

The Prothorax —The mun portion of the
thoi1y 1~ mesothortac  anteriorly however, there
15 1 collnr Like prece of chutin the prothorin  lo
thus are attrched two moseable bodies the paty

ga
The prothorax 1s of importince in clrssificn
tion ¢ g 1n the new genus of the inophelmna
Stethomyia the prothoracic lobes are m unmilated
The Mesothorar (T 42) —The scutum of the
mesothor 1x forms the I1rge globulr mass of the
thornvn  Behind the scutum, and just belund the
orign of the wings 15 1 transserse bar of chntin
the scutcdlum  Behind the scutellum is 1 comven
troingul . aren extending s far s the fiest
Abdonun il segment the post seutellum (Tig 42)
The scutellum and post scutellum nre” of
importance m cdssificition  Thus the scutellum
with its posterior border bostles 15 often of
specific value whilst the post scullem nray be—
1 DBare Culex and tnopheles
Wath hurs Wicomysa

; With sctles and hure  Joblotia
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Tar Wine

The wings shew —
1 An antenor strught, thieh and strong
border or costn
2 A postenor curved and thm border
carymng 1 fringe
Iwo smnll folds 1t the base of the wing
(squ ymn 1nd ~lula)
Nervures or veins
The costa m inopheles 1~ generlly covered 1n
put with white ind 1 part with blad  scales
(spotted)

v et
i

P

yr—

Pot o ket et
ke cel

Iner = levir v s vem

Ant t e frk 1ol = Tost | vked cell

Forst potert v | Ldcell = Ne nd psters rc ll
n toarfrhedcdl = And ol

Lhe fringe w lnophdes has most frequentls
hght and d irher portions the number aind poution
of winch tre of spectfic importnce (Lig 51)

The squama md alule 1re shewn 1n the fijure
They are of no gre  importwce (g 44)
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The Vervures—The nenvurition of the wing
15 of considertble importince  Several nomen
chturesarenuse That used 1n the 1ccompanying
dingram 15, however, the sumplest (Tig
In classification, the relrtive posttion of the
Apices of the two forl ed cells are frequently used
Also the relative positions of the point where the
auxiliary vein cuts the costal vein, and the pomnt
where the fifth vein cuts the postenor margmn
As 4 rule, the position of this first point 1s much
nenrer the base than that of the second pomnt, but
m a4 few mstances eg M smensis, they almost
comade
Also the posttions of the upper, imddle, ind
cross vewns It will be found, however, that even
m the same spectes there 13 no constncy in these
Intter and they can hardly be given s of speciic
importnce 1s his been done  DoNiT7 hs made
the same cnticistm, and indeed, finds that the
osition 1n ech wing of the stme mosquito m1y
e different
Tue LEGs
These consist of the following segments —
1 Coxa and trochanter Smull preces 1t
the ongn of the legs (I1g 42)
2 Pemur
3 Tiba
Tarsus consisting of five segments, the
Iast of which carrnies the claw or ungues

N, ==

Fore Ungues of M Tunesta {8 ) the larger Umiserrate
P s L Dagues Z;/ A Possit (8 ) the larger Biserrate
{ 1fter TuzonLp)
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The Ungues —The ungues vary 1n the male
and female 1nd 1n the different legs  They mv
be stmple umiserrited or biserrated (rarely tn
serrated)  (11g 45) They are of specific value
(Fuconrp)

I'nc Appovev

The abdomen consists of mne segments  To
the minth segment "re attached the gemtahin

The gemtalin are saromsly shaped lobed
appendages  In the male they are provided At
t]?en‘ free end with claspers  The clispers 1n the
male e of speafic v lue (g, 46)

¢y ap apr

ok fonfit e
Fig 46 Male Cemtalts

LITERATURE

1 Deports to the Malaris Commrtie of the R il Socsety
Series 1V " The lnit my and Histol gy [ the Adult [emale
\la‘q(ilvfn by R Christophers M B Vict (withf plates) Frce
3 O

Nuttall and Shipley  Journal of Hygiene 1\
Nr1 Vol I'No g Vol 1l ™\ he natomy of the
Lirea Fupa and Image  Well 1llu terted

3 Diverpool S hot of Trops ot Medicine Memor IV
Tart'll hiltass  mcluding v munute studs [ the pro
bresof th mosqut  Mamy dlu trition {Enc 1n €(d)



Chapter \V

CI ASSITICATION AND IDENTITICATION
Or' THE CUI ICIDAE

ScaLEs

Turonarp has attached to seale structure the
greatest importance from the pomt of view of
generic and specific classification Hence 1t 1s
necess1ry to consider somewhat 1n detul these
structures  THEOBALD guves the following —

Head Scales —[hree forms of scnle occur
Tig 47)

1 Narrow curved sciles
2 Upnght forhed scales
3 Tt scnles overlying one another

Iike the tiles of a roof

No 1,2 and 3 scales found, e g, Culev

No 2 and 3 scrles only, found=_Stegomyia

No 3 scales only found=»AMegarhiuns

Tovorhynchites

Thovacic  Scales — aropatp  deseribes five
forms (g 47)

1 Narvow Hair ltke Curied Scales —They
often form 1 dense feltworh over the mesothor iy

2 Narrow Curved Scales —Theyv may oceur
all over the mesothoriy and scutellum, or 1t the
sides of the scutum nd m front of the scutellum

3 Spindle ShapedScales —These he seattered
about and never form 4 complete covering
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4 1lat Scales hike those on the head  They
cover the scutellum m Stegomyza whercas in Culex
the scutcliar scales 2 of the nrrow curved tape

Long Twsted Scales —Charctenstic of
Muctdus 4 genus of mouldy looking mosquitoes

Abdontinal Scales —The scales covenng, the
~bdomen 1 all Culices except the  lsophelina
are overlipping il ~ s In the  inophelima
they are ot found except o some extent
Myzorhynchus and NMyssorlindims In the genus
Aldrschsa however of \nophclum the abdomen s
covered with 1t scales s i Culex

(Yu (r4v}

Head St
[
u, ~ T
.,..A,.- & (44 ptina
]
_8h hewia

(Fig 40 bomsetes £ des( gty Tavonut)
Fan plit~ = Man n 1

Ihe Culiadac e divided mto the follow iy,
sub Fumlics biscd munly upan the length of the
prlpt m male ind fem e

1 Palps long 10 both soses asiong s the
proboscis i the fem ile Anophelina
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2 Pnlp: long n both sexes, shorter thin the

proboscis 1n the female Megarkimmna
3 Palp:short 1n femnle long in male—
Culicina

Palp short in female, long i male Post
scutellun with haurs (chetre) and sciles Joblolina
[= Taichoprosopna

5 Seven (not si) longitudinal vems with

scles Heplaphlebontyina
6  Pnipivery short in female 1nd male—

Aedeomyma

7 DProboscis short not formed for prerc

mng Corethrina

W ang Scales —Scales clothe the vens, exeept
the cross veins 't scales are trranged 1 double
row long exch vemn

Many, or in some species all, of the vems
have also 1iterl seales

The Interal scales are very vanable i shape,

»
& 1 In Mansoma they ire brond 1symmetrict!
flat scales
2 In dedomyia the scales are stmilar
3 In Mucidus the wing sciles are quite
chractersstic, being pyvnform or inflated and hf
darl, hialf winte
In Megarhius the sciles may be 1zure
green or blue
The W ing I'ringes consist of—
1 Long narow pointed scales attiched to
the edge of the wing by @ narrow stalk
2 Smaller seales stmular in shape
Border scales  Small flat scales
Leg Scales—1he legs e covered with flat

scales 1n nearly 2l Culices
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1 In Sabethes the sciles are hur hhe and
occur 1in tufts

2 In Mucidus  Psorvophora, the scales are
clongated and project from the legs

The wub family  nopheling contuns s we
shill ste seven genert the Culicina fifteen 1nd
the ledeomymatwenty When we consider further
the Trge number of species in <ome of these genern,
e4  Culev 1t 15 1mpossible to ttempt liere to
deseribe each mosquito however briefly  Con
sidering the greit nmportance however of the
ngphelina, we shhlt attempt to grve the charwe
teristic specalic points for ety of the spreies 150
ud to 1 detuled exmmimition by means of
lurosiens monogriph  With repard to the
other sub fumilies we shidl attempt onhy to give
chrnctenstics of ¢ wh genus

Sup I aviy Morsiriny (zede next Clapter)

Stn I aey Mrearmnany

Gunus 1 Megarhoms — Tirst sub mowginal
el much smaller than stcond posterion «ldt P

&

¢l %‘Q
I~ L=~}

o .
&Lv)f)

N
-

Tig 4% Hewd aadswrlle S als f Vedss(left}
Meg wrhinus (right)
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five jowted i @ (M purpurens only four) Readily
recogmzed (1) by their luge size often called
eliphint mosquitces  (n) by ther brlling
metallic colours  (111) by 1 (adnl tuft of hurs on
exch side of the nbdomen (1v) by the long nd
curved probosas  (3) hend s elothed with flat
scales only (Tig 48)

They mav be found resting on the trunk of
trees 1 the forest, 1lso 1n houses 1n the bush
Speaes bout sin

Genus 2 Tovorhy nehites —DPalpimuch shorter
thin proboscisin® three jomnted  Supernumerry
cross vein nearer the 1pes of the wing than the
nud cross vein  Species four

Sts 1 sy CoLreisy

Tirst sub marginal cell equal to or longer
than the second postertor cell

Genus 1 Janthinooma —Hmd legs densely
scled ginving vcharctenstie apperance . Species
hve

Genus 2 Psovophora —Charcterized by (1)
greit length of $ palp five jointed  (u) densely
Tong scled legs (III{’DO\{LI‘IOY cross vei 1 bittle
nearer the bae than the md  (n) proboscs
curved 1n®  Speaes, four

Genus 3 Muctdus —Fsth recogmzed by
thetr curtous moulds tppetrance  Postenior cross
vemn nearer apex of wing thanmd  Wing scales
Iarge pvriform partt coloured Head and thorae
< ues long nd twisted expanded 2t the ipey
Lego densely scnled with projecting scales Species,

five
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Genus 4 Destardea-= Limigeres —Hed flat
«wes 1iew upri bt forl«d  Differs from Stego
myvia (1) 1> longer with unbmded tius and
thdomen g pilpr untufted @ palpr vers pomted
and provided wath bristles only - Speaies two

Genus 5 Stegimyia — Hod completels
dotlrd with broid At «cdes (Ing 49) nd 7
few upnght forhed  Palpy four jomntedn the @
fne jointed in the ¢ Scutellar scales flut mostly
blwk nd white mo fuitoes with b inded les wd
abdomen  Spcaes €, hiteen

Dy 40 Hoab mEswtflorsal psr neifleft)
mlCile (4 ht)

S Taaus Trosmts vedlow fover
t o Larstbasally hnded white
- Priobsar unbmded
3 Fhoray A purc winte brod cunved
bnd me whsade ind two medim
pue paradle] Times
4 Unguc of 2 toothod
Genus 6 o taddia Palprm ¢ cubbed ns
m the bmophdinr Pidpoan @ byve jointed e at
Jomt mammibhform wings 1 both sexes den sy
\
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sciled collected into spots, thus fornng 1 spotted
wny group of mosquitoes  Specucs, five
Genus 7 [ utza —Rescmbles 7 heobaldia
Palprin 2 three jomnted, 1prc! jomnt not
mimmthform
Ppi in 8 not «lubbed, threc jomnted
Wings spatted by scrles simular to those
of Taentorhynchus  Speaes, one
Genus8  Culex —Headscales narvow cured
and upyi ht forked Iaterally Hat scales {11g 49)
Palpt in @ “three jonted — Third palpal jomt
usutlly 1s long or longer than the other two
Wing  first sub marginal cell longer ind
narrower thin the second posterior  Posterior
cross ven neirer the base than the mid wing
vans  Sciles small Titer i} ones hnear
Scutellum  warvow cuvved or spndle scales
g 49)
C mameticns has spotted wings  Species
VEry Iumerous
Genus g Gilestu —Related to Crlex and
Stegomvia
() Stutellum wrth small flat scales, some
spindle scales
(1) Heid broad flat, spindle scles
(1) Bl joint of intennie hury wndscaly
(v} Clws short and thich with 1 blunt

tooth
(v) Wingscileshile those of Taemorhy uchus

Specres one
Genus 10 1 astoconops —
(1) Head sciles s 1in Culex Bl joint of

intennae, 1 few scales
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(1) \bdomen lavge projecting flat scales with
decply dentate aprees gavany these mosquitoes 3
rged apparnce Spaos one

Genus 11 Melanocons s —Distinguished from
Culex by the dense browd s ales on the costr and
apcy nd by the blad spine ke scales along the
upper border  Smdl dark mosquitors Speores
SIX

Genus 12 Crabhumie . Mhed to Culey and
Facmorlynchus Pilprin @ four jommicd At
jomt minute  Ponultiniste long md thiek Wing,
scdes not so tong ot dense s e Facnon hynchus
Scales mottled  Wings short ind stumpy 1 egs
mottled and spotted  Specis ten

Genus 13 deertomvia Ahed to Culey
Grabhamea  Distmguished frous Grabh oma by
hvang flat rrcgdariy di po ed seal 1l ovar the
Tend from Culev mothe 8 palpr 1wo tornnal
seements wmd the pes Of e antipenubtim tte
swollen Ternund s mentddub shuped Iy aed
Appe e of howd wallmsled  Spooes one

Genusag Daem vhvidin Padpitne jomted
g the fifth s om nt nonute Charwtonzed
by e wing ~cdes Ty e thed d oo oated
seale  endmg ath 1 bivtd Dpg o oouty or
Olunt pornt e Lo Imowr s des often baent
probosars usudly banded  Species about siateen

Ganus 1y Mamsoma — Panoplite Palp
four Jointed g more than o Uned the
longth of the probo s Cloruterzed In gy
den oy scaled ol ng the s wth broal 1am
medycal flat cde N madian wale e gonus
resombles ledc myver but the pdpom the 8 e
long, m mombees of this genus shoet e the
Aedomyima  Species enght
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Sup T'say Jobrotina

Genus 1 Joblotina —Metmotum (= Post
scutellum) with a tuft of chactae and wuth flat
seales  Clypeus nd” base of ntennac bnstls
Second Jong vem carried nerly to the base of the
wing  Sccond posterior fork cell (il cell) ven
lirge  Mid cross vern nearer the apes than the
anterior (supernumerity)  Wings densely scaled ,
scles shoiter than i Taenorbynchus  Species
one

Sus Iwiny Hrerapnirsoaniat

Genus 1 Heptaphlebomyia —I 1he Culev but
hw a distinct seventh vein  Spectes one

Sun I wmiy  \EDIoMINA

Genus 1 Dernocerites = [Brachionmya]—
Chirwtenized by the ¢ intennte  Much longer
than the proboscis  Second segment as long as the
thiec tevnnal segments \ntenmne s tled Antennae
m ¢ pilose and longer than the whole body

bpecies two
Genus 2 I'mlaya —Three ventral tbdominat

«aletufts Scutellum four medinbristles Wing
scales large and brond, pynform  Speaies, two
Genus3  Aedes —Hend narrow curved scales
foum  broad median line onlyv Other sciles flat
Scutellum nasvow curted scales six bristles  Palp
m ¢, four segments apical segment minute mam
milltorm TI'rcesof 2 fifthsegment  Species two
(g 4%
Genus 4 Howardina —Rescmbles lede |, but
scutellum bas only four bnstles  Palpi, four
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segments tpical, one mmute not mamnnlhform
Speeits two

Genus 5 Acdimor phus -ITend  mostly (It
scales parrow cunved belund  Scutellum  flat
scales eight (?) bristles His no flat thorac
scales 1s Uranataenta  Speaies one

Genus 6 Stusca -Head  flat scales only
Antenior and po teror forhed cells densely scaled
Palpt in 2, three segments  Scutedlum siv b tles
wd ntrrow curved < ies  Speaies three

Genus 7 Verralline —Head  in Shusca
Palpy two sepmients ondy {(tewe of 4 thard) apwat
scgment lrge Sutellum four bristles wd nrrow
curved seales  Species three

Genus 8 fralbia  Intermedinte between
Inst two and next genus  Head s iles no narro e
enrted Almost entirely flat Scutelbum flat seales
s m Uranotaenta but thoracte seale naviey curted
Palpr two scgments Spraes two

Genus g Tranotaente Hod o flat cales
upright forked may or m not Be present
ScuteHum flat ~calk Thor v sarron curod and
flat seales " Wings smalf forled ol Met il
serfes atthe bise of the wings  Related to lede
but more bedlnat (et dley ind stouter wmao
quutoes  Spaats fourtecn

Genus 1o Myomyia - Resembles {rane
taema  Ihe no Mt soutellie or thorwoc soalis
Lorhed celbs Lieger than L ranstgenia No metalin
sedes at the Lw ol the wings  Species two

Genus 11 dedeomvaa \lied to lede  Dis
tinquished by (1) head ~cdes upnight T shapxd
dypeus sy () thern broad thit spindle
soles Gy stutcum broad it soales (1) de s
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densely sciled (1) wings, densely scaled s n
Mansoma lso with long Iatertl scrles Species,
three

Genus 12 Haemagogus —Relted to ledes,
but palpr five «egments  Hed covered with flat
scles Bnllint metalhe (blue) mosquitoes
Species, two

Genus 13 11 yeoumnia —Chactae on the post
scutellum  Head flat seales  Thoray, spudle
wd Mt wales  Scutellum flat seales  Palp
short  Probosas ot as long aswholebody  Species
two

Genus 14 Phomomyta —Resembles 1 yeomya
but distinguished by (1) wing scales brond Iateral
scles s m Laemorkvnchus () probosars longer
than the whole bodv ~ Species, two

Genus 15 Dendromy ta —Resembles Wy conrvia
distinguished by (1) scutellar scales smll flat
rounded aprally (1) wings more densely ~caled
thin i Phomomyvia scles Taentorhynchus hile
(111) probosis moderately long  Specres, five

Genus16 Runchomyia — \llied to Dendromyia
Charactenized by (1) frons projecting 1s 2 blunt
spie  (11) proboscis s long s the body i 2
() ventral apuwal tuft of brstles (1) wings
covered with rather brond scales  Species one

Genus 17 Sabethes —Ditinguished  from
W scomya by the asyn metrical sing seales One
or more legy with dense paddie life structures m
both sexes  Mid cross vein nearer the apes than
the anterior  Posterior nearer the apes than the
mid in the ¢ Third long vem carned through
intofthe bawlcelt  Brilhant metallic mosquitoes

Species four
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Genus 18 Sabethordes —Closely resembles
Sabethes  Distinguished (1) by much smaller
pript (u) unpaddled le,;s  Species one

Genus 19 Go ldra —DPost scutellum  with
clactac und scules  \Win, o es s in Runchomyea
dense clong ited Wiz venttion s 1 Culen
Probosas short ind thiel not as long s body
P i ¢ one third length of the probosais  In
¢ quite short  Species one

Genus 20 [omatus  Charwctenzed by the
probosais bent in the muddle  densely scaled at
the bend  Speies one

Stn 1wy Correnr

Genu 1t Corethva—I st tarsal segment
longer than the second tarsal

Genus 2 VMochlomyy —First tarsal segment
shorter than the first tarsnl

TITIRATURL

1 Mon grath of the Cultsdte Vol I1L T \ Tugo
saen Bret Muo Nt Hist Lhe dataan the haptes ha
DLeen trhen alin t nnrc iy from Inkomatos v orh
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Chapter \VT

THE CLASSITICATION AND IDENTIL I
CATION OI' THE \NOPHELINA

It 15 by no means 1n eisy matter to I
definitely the species of an dnopheles, and vet the
wdentification of species 1s essentinal 1n connexton
with minal studies It docs not suffice merely
to 1certun that nopheles are present 1 1ny
given loc ihty  but 1t must be clexrly made out
what the species are It 15, indeed only by accu
rately observing the relttion of Asnopheles to
malinn that we ¢an hope for the explination of
mans of the difficulties suriounding the anomalous
distribution of endenn¢ malwit In 4 dnter
chapter the extreme 1mportance of the speaes of

\nopheles 1n this connesion will be evident  In
the description of the habits of inopheles, their
breeding places occurrence apart from man etc
1t 1~ no longer sufficient to wceribe these to the
whole genus but they must be weribed to the
actual species mvolsed  The study of the
Vnophele from the point of view of <lsification
and 1dentitic ton 1 therefore of importnce

Cr AsSsIICATION OF ANOPHTLINA

IneoiLb his sub dmaded the genus ine
pheles into ten new genery Thesc gener 1 comprise
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over soenty tipht different species The aswgn
g of n Anopheles (ol «nwe} 10 s proper
genus simplifies therefore very much the ultzmate
detormination of the puwtwule spocses Enro
pup s o isstfic stion s the follown,, ~

Uit ud 2L !Xr thivs 1be 2\\ sy des
domerowaly gt on flar b dat in pheles
busbhe ] howd el s
cune !} setles Wing wl
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Thorax and b {Abdommal  scales as lteral
domen with| tufts and dorsal patches of

true scales small flat scales  thoracic
narrow  cunved or spindle
shaped Ny ssorkynchys

Abdomen netely  completels

| “scaled with iregular scales
and with latera} tufts Cellia
ibdomen completely  scaled
with Iarge flat scales s
Culex Aldrihia

‘These features 1re shewn n the 1ccompnying
diagram (Fig 50) The thoracicscales in Cveloleps
doptevon re not sufficsently hur hhe (THEOBALD)

Place the mounted or ummounted mosquito
under 2 low power of the microscope, 1nd deter
nune carefully the charicters of the hars or scales
on the head, thorax and 1bdomen By this mens
the dnophelete 1s assigned to 1ts proper genus

My my

G
-

Aneph ¢

<
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Tue DITTERENTIATION OF SPLCIFS

Many features are of valuen delernuning the
species
1 The Wangs —
(@) They m shew qreas of darl scales on
the costq, wnabing and first longitudinal veins
producing the m-un spots of the wing
(b) Small areas of scrles on the third to sinth
long vemns less dark and distinct than the large
costl spots
(c) Pale arens on the wing fninge
{a} The marhings on the wing are furly constant m ech
species but vanations oceur s> thit the spot m1y be longer
or shorter giang the wing « dather or hghter a<pect mn the
same species  Thus in A Stephenst the following varations
m the second cost1l spot mny be encountered (Frg 51k
Especinlly does this vanation occur m the wing of males
The costal spots mas lso be confluent  They m1y depart
from their typical shape s 1s frequently seen wn the T pot
of \f Rossu Certun generil tipes of wing can be
recogmzed —
(1} Wing almost enticely covered with black seales s
m the genus 1 -oritynchus

() Wings oniv shghtly <potted on the cost1 or wing
teld eg 1 the genus dmipheles

(1) Yangs with well marked discrete spats (a) brown h
wings 25 1 Myemva  (b) blich wings 2 n
Ny ssorhy nchus

(b)) The smnller spots on the wing field long the cource
of the vems are also u eful for determimag spectes  Thuy
I leucophiyus has sin spots on the sinth Tong vem while
M elegans has onhv four  The extent to wiich the third
Jongttudmal ven 1s scaled 1s Abo of speaiic importance
g 5)
¢ ") The wing frnge has 1t the pomnts where the long
vewns cut the margin 1 vnable aumber of light arers Thus
A punctipenms B onls one pale wrer while V pseudo
punctipenms has many  Another example of this mens of
distingwishing spectes 1s given 1 the figure (g 51
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2 ley Marlings —

a) Untformby coloured s n the second
division of Mjcomyvia

{b) Spechled or 1 inded cliefly 1n the geneen
Mssorhynchus ind Cellia The banding of the
Tegs 1s of gre it 1mportance 1n distingmsling the
spectes (T1g 33) thus (1) bainded timsi eg ¥V
Muculata {(2) tusipurewinte e gV fuligmosus
N Jamesn

- .

A

D
fatmenm 00 g

-

U
1

L= =
Tig 51 Mg nges {10\ Rbade pasts () Testus
GV Tstmr () M Crli ifwnes
Vorratdns i Wing Spts of M Russu N Stephenst
I C talis
Voratrms 1 C s tens of M Rossi
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Tur DifrErENTIATION OF Sprcirs

Many features re of valuen determining the
species

1 The Wings —

(a) They mny shew areas of dark scales on
the costt ausiliary, and first longitudimnl vemns
producing the maun spots of the wing

(6) Small trens of scales on the third to sivth
long sems  less dark and distinct than the Irge
costai spots

(¢) Pale areas on the wing fringe

(a) The markings on the wing are fairly constant n exch
species but vanations occur so thit the spot may be longer
or shorter gining the wing 1 darker or i hter aspect 1n the
same species  Thusin \ Stephenst the followng vanations
m the second costal spot m2yv be encountered (Mg 1)
Especilly does this vanation occur 1n the wing of males
The ccstal spots mty also be confluent  Thev may depart
from thexr tvpical shape as ss frequently seen i the T spot
of ! Rossit  Certam gener] tvpes of wing can be
recognized —

1) Vings almost entirely covered with black cales as

n the genus Mysorkynchus
{u) Wings onlv shghtly potted on the costr or wing
tield eg 1n the genus Anopheles
(m) Wings with well masked discrete spots (a) browar
wings 1s 1 Myomya  (B) black wings 15
Ay ssorhynchus
(b) The smaller spots on the ning field 2long the course
of the vemns 1re also useful for determimng species  Thus
M leucophyrus has six spots on the sinth long ven lule
M clegans has onlt four The extent to which the thid
longitudinal vem 15 scaled 1 lso of speaific importince
fig 5 )
{ g(¢5) The wing fnnge hay at the ponts where the long
verns cut the margn 1 varble number of light 2re1s Iy
A punctipenms hns only one pale aret while 4 psendo
unctipenmis his miny  \nother example of this means of
distingmshing species 1s given 1n the figure {T1g 51
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2 Leg Marbings —

(o) Umformly coloured s m the second
duvision of Av.omyia

(b) Sped ted or banded chiefls in the genern
N)ssovhwclms and Cellia  The banding of the
legs 15 of great wmportince m distinguishing, the
species (Tig 53} thus (1) banded tars eg N\
Maculata {(2) tusipure white e g N fuliginosus
N Tamesu

i
I

= NEI
bl

Tig 51 Wing frimges f (x) M Rhodesiensis ( JM Funcstus
(3)

Tast o (1) A Culsafa tes
!anafwns an Woing Spots of M Ressn \ St phenst
d P C stalis
Varats mo 3f Cross temns f M DPossr
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Palpr —Similrly the bands or collection
of white scles on the palpi 1s 1 comenrent means
of seprrating the members of 1 particul ir genus
(Igs 52 53) It should not be forgotten thit m
these two charictenstics there 1s 1 certamn amount
of vanwtion possibly senson 1l and 4 shght differ
ence m the binds on the palpt wd legs 16 not
suffiient 1n atsell to constitute 1 diffcrence 1n
spuoies

Other characteristics that are wseful for the
determination of species e the mile gemtalin
and the charwter of the ungues in the mnle
whether having one or more teeth  The posttion
of the cross veins his 1lso been used but this 1
so vanible 1in the same species that 1t has hittle
vilue

Chavacturs of the Lavvac and Ova—In the
Lnophelina, as m the rest of the Culicidae tns is
1 most unportant means of differents iion Mo
quitoes that otherwsse we tUmost mdistinguish
able e retchly <eparated by therr Iirvae bong
chfferent

One prectution must be tthen It must be
quite certamn that 1t 1s the it of the mosquito
10 question that is being exammed  The siest
w1y to make sure of this 15 to carelully examie
the lan t first, and then to hitch out the mosquito
md then eximine 1t The evumnttion of the
laryne 1s considered Inter

Genus 1 lwopheles ——VVmgs umspotted or
<hghtly spotted  Lanva  clypeal hurs branched
Owa type 1 Mosquitoes not pirticululy domes
tic in hibits  Mostly belong to temper ite climes
or hill districts
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4 Bifwrcatus trinsmuts mahnn (im Italy)
Zvgotes hive been found m A maculipennts m
Spun  but esperiments with this species 1n
Lnglind hwve failed though successful on the
contient  They may be dinided up 1w the
following w1y —

Costnr Uniform Wing. spotted

1 A Maculipeniis —Wing with four pots
apex of first tars 1l joint spotted  Europe

2 Crucians —\White spots on brown
vems  Three black spots on sixth vemn  Costa
uniformly dark  taraunbinded North Americn

Cost1 Spotted
1 Punctipennss —Two yellow spots one
1t the apen  the second on the apicd thaird — One
fringe spot  North Amenich
A Pseudo Pumtlfﬁenms —-\Wings - 1n pre
vious species  but wing fringe with severni vellow
spots  North Amenc

5. 4 Gigas —Costr two lnrge blach spots
Length five tosn mm \large lull species Indit

6 1 Lindesayir —Costa black apual white
spot  Femora have 4 charactenstic brond median
white band A hull speaes  Indin

Wings Unspotted
4 Bifurcatus —Thorwn  Golden hrs
wrrged so s 1o levve 1wo broad bare lines on
the front  dbdomnal hairs solden Eurtope
U Walkerr 15 reguded by Turosap as
wdenticd with this
4 Algeriensts —Abdommil hairs dull

brown Tirst forked «ell shorter thwnin 1 Bifur
catus
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9 4 Nigmpv—\ black mosquite  No
bnds on tireus  Curope  \mericn

10 A [mmaculatus —\sh grey 1 colour
Slight apical bandings to tar Palpt wnd pro
bosus  hghter at apex  Fnnur Midrs 3
single species only found by us

11 4 Adwlenss —Uniformly duh No nuwrh
ings on pulpror legs  Bomb w Presidency

1.4 Stigmaticns —Laght brown  \ustraha

13 4 Phalippinensis

Genus Wy zomia ~—To this genus belong those
species which are associted 1n the tropics with
the most severe endemic malarir e g M Tunesta
m Arir and M Irstonr ind M euhicifaces m
Indiv The group includes however, several
species one at lewst of whih b s fur wour
knowledge extends no power of trinsmitting
mlin i oture, iz M Roswe

The malarin tismtters form 1+ natural
group  they re smll dul  mosquitoes, witlt
unbinded legs and thev breed n fresh natural
Wters ¢, streums river beds ete  wheres
we also hiven the group domestic mosquitoes
20 those that breed 1n foul pools 1boul houses
M Rossu 1s the type of this clise

Whether in this genus v others than the
three mentioned above conves malw there ut
wtpresentno f ity toshew nd theln dediineters
of only the Indinn spectes are 2t present I nown

The tvpe species v A Tnesta which s
typrcal spring nd  fresh w iter breeder It s
noteworthy that W[ Tnuesta 1s wociated with v
higher mlanal endemicity than 7 Costalrs
which s ¢ typic il domestic mosquito breeding

foul pools
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Grour 1

Small dul mosquitoes breeding 1 maturnl
waters

1 M Funesta —Costu  siv wlute spots
Bnsal spots with pale mterruption Wing fringe
pale spots 1t ends of 1li the vems except sinth
Pudpi three binds the basal one further from
the middle one than the wypual A vanable
spectes  third Jong vem m1y be dirk  Resembles
Listonz and Rhodestcnsts (Fig 1)

2 M Iistom —Third long tenltght  \Wing
fringe four ur more hight spots (Tig 51)  Prlpr
two broid npuw il bands further apart than m
Funestus one narrow basnl  Basal portion of
cost1 umiformly blwck {charactenstic)  Attitude
inopheles hhe  Assouated with high endemic
mden i the Duars Bengal  Larval chnrcters
antenn e with simple har Clypeal hars simple
Palmate hur on thorax 1nd on all 1bdominal
segments

M icomta -dcumita = unspec] led  be
cuse at the commencement of the third long vemn
the usunl darl spot 1s absent  Palpt four binds
Costr four spots light imntercuption 1n basal spot
Tringe severil pule irens  Antenor forled cell
much longer wnd nrrower thin postenior  Differs
from Lastons in palpr  Sumtrn Jua

4 M Culiafuctes —Thivd longitudinal rem
darb Wing funge three spots 1t most  Palm
three equal band ~ two 1t the joints one at the
wpex  Attitnde Culen e Ascocrited with ngh
endemic 1ndex of mnlwin i the Punjib and
Mudrts  Larvil charcters 1w ostonr Ova
flouts do not touh margin of upper surlce
(Type 1) (F1g 51

o
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M Leptomeres—DBase of first long vemn
white  Antentor forhed cell much longer nd
nirrower than posterior  Costn, two spots thus
differing from Hebes  Ininge pale ares At Al
the veins

T 5
Palpr of M Funesta (1) A Zistn () U Culretfacies (3)
I 1eho lesiensis (4) M Huspamola (5) M Faurl hud: (6)
Third Long Vems of M Tunesta (7) M Tistons (%)
M Culiesfacies (9)

6 M Hebes —Hebes=mconspicuous 1 small
species resembling Rhodesiensss Wing costq four
spots wing fringe, seven hght arens” Van sy
one long spot  Palpr first and second segments
covered with white sciles I nd of third segment
1sdark fourth segment qute wlite Distingmshed
from Rhodestensis by palpt ind wing fnnge  Tast
Africy

Grour II
[ arger species than the bove  Genernlly
lighter  Wings not so covered with darh scales
Hibits Domestic specics breeding i foul
puddles ete  near houses
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I arval charcters (M Rosst)  Antennn with
out branchied Interal has  Clypeal hurs simple
Palmate hurs second to seventh se,ments and
often rudimentary hars on thorin nd first and
second bdominal egments  Ova (type .) te
floats touching mrgin of antenior surince

7 M Albwrostris —Characterized by the
banded proboscis pale sciled to about half 1ts
length N deceptor has also 1 banded proboscis
Malaysin  Length two to five mm

8 M Iongipalpis —Palp: long thun  three
nurow wlite nngs  wing rostn blact  four
Almost equnl vellow spots  wings mostly brown
scaled  hind leys only banded narrow spreal
and basil yellow bwnd-  Bntish Central \frica
Length three mm

9 M Ludlowir —Palpr ipex broad white
bwnd 1 second small one close to 1t A third
basl band  Wang costn four Inr e spots  one
or two smill basal legs femora tibine nd
metatirss espeanlly m hind legs  spotfed with
yellon  Tarw brond apwal amd baal pile
banding espeunlly i lind leg  Pluhippine
Istey Length {our to five mm

10 M Rossz —Probably = 1 Vagus(DoniT?)
Sumatrr Palpi somewhat Iile those of A
Ludlowu  but e wily distinguished  the apual
white band 15 broder  the second bind 15 much
nearer the base thw sn M Ludlowtr so that the
black area between 15 longer Wings four
spots ind some benl spots — The second Inrge
spot has the chauncten tic T shape but 1 very
varmable Tarmt  shgbt pale apieal and basd
binds to sonte of tara Indin Malaysin



196

11 M Lutet —Characterized by the hnear
ormnamentation on the thoray, and marked bands
(five 1 number) on the fore wnd nud metatara
Wings three distinct pale spots, two smnller ones
3to 35 mm  Rio de Janewo

12\ Llegans —Posably = A I etcophy rus
(Dsnit7) - Teuhos = wiinte splhvron = anhle
jomt  Palpr four white bands  Wing costa
four large black «caled areas, three small. Wing
fringe w1\ pale interruptions 1 egs specl led with
winte scales  Temoriand tibine spechled in hund
legs  Charactenized by 2 lrge tibw metataral
baud on the hind legs” Resembles \ Stephenst
differs m the palpt b four not three spots on
the sisth longitudinal ven  Differs from V
Lencophyrus 10 having four not sin spots on the
sinthsemn Possibly belongs to Ny ssorky neus genus
Indi

13 M tessddatum —Costa four Inrge four
small” spots  Tore tara apually and basally
bnded Mid d hind tara apieally only
Thorax two dark spots in front and v dark nrer
near the scutellum  Malay

14 M punctulatus —Costn four lrge spots
and numerous duh and wlnte <pots Ml
closely resembles the former

15 M Leucophyrus —Relnted to the two
former  Dustmgwshed by promment tibio
metatarsal bind nd by the prominent median
dul spot on costn Sumatr

16 M Impunctus  Costa four small dark
«pots  Trnge spotted  Sinth van three spots
Reltionship  doubtful  not  fully  described

Taypt
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Grour III

Medium sice dark mosquntoes  \pes of patm
blwk

17 M Tuwrbhuer —DPAlpr aprees black  the
bnd not~o bro W 15 10 Hispunola third lon, vein
mostly dirk but vuies pale nterruption in
Dasal” costal spot  Indin Larve resemble
Cul x  Ova very puuhr type 3 (uzdep 22.)

18 M Hispameola (tneo) Spun  Thid
longttudimal van mostly pale yvellow except At
the bise ind wperv Wing fringe with spots except
where lower brancli of hith nd sixth jon the
costr Busal portion of costy unttormly bl h

19 VM Rhodesienws (Treo) Rhodesty —
Third longtudindd vemn duk  Palps wath only
two conspruocus bands  The pupt are much
longer nd thinner thin in M fumestus The
vems e Ul dusiy scuded Base of the costn
bluk  In M fumecdtus there 15 1 winle inter
ruption Wings costa three smnll white spots
wnd 1 ovellow picil spot  Isinge unspotted
except w apiclspot (Fy, 1)

Genus Chelolepptevon —Wings with numerous
large inilated «iles  collected 1n patches or
mcegularly disposed

Lartal Char wturs {Turosa p) — Antenna
without }ueru bLranched hur  Clipeal liurs
stmple  Pudmate hiurs siv purs [ anceolate

1 C Cralhomnn Palprunbwded Junuc

~ C \Mledwpunctaitts —Palm binded bluk
and gold  Bruwil

Genus Stethomy raf{orafos = bre 15t) —Head with
1 medinn patch of 1t sciles Palpn very thin

1 S ambe  Bntch Guant S Amenca
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1 A Maculipes —Hind and mid legs much
bnded and spechled  Almost certunly fr wsmts
maln (T uts)

Genus Mvzorhynehus —prfo to such pe yxos pro
bostis

Pudpt densely senled m the @ also the pro
boscrs  Ihese re wild  mosquitoes found n
situntions remote from the dwellings of min
They brecd m owimp wd Trge bodics of wter
especrlly those contumng weeds  They do not
usunlly frequent houses Al Smmensts 1s, howerer,
attricted by hight  Thes feed readily on human
blood when oc 15100 offers

Iarial Characters —~ They owur  «ingly
throughout Inrge masses of water  [heyhuve t
peculie stiff and sticd hhe appeirance, but they
b tvlabit cunous nthitudes sharp bends s they
he on the water — Clvpeal hurs distinctine, the
outer pur forming 1 dense coch1de Jihe tuft

The wtennt 15 charwtenized by posessn,,
1large brnched hur ineing from 1 papedlv on
1ts side

The primate hrurs are borne upon the third
to sexenth ibdominnl <egments  he leaflets tre
lighly charuterniste being unhike those of the
other gener (so fir a5 desenibed) Janceolate wnd
serrted

The Chavacters of the Ouum —In A Larbiyostris
and M Swmensts the on t belong to type 12 e,the
lateral flo its not {ouching the marginil rim

In A barbirostres wnd AL Stmensis there 151
charictenstic ippearance of 1 well mithed poly
gon 1l pitturn upon the under surface
(A) Palpr unbanded —I 15t ind tareus brown

L\ barbwostrss one [rnge spot  Indry,

Madysin
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2 Al Bancroftn severnliringe spots  Aus
trnhin
3 M umbresus no iringe spot only one
costal spot Mnlaysia
1 nst hund tarsus white
4 M albatacmatus other ind tarst much
binded Mnlav
Last t\\o Iind tars: white
M Constan:  badng iscar
(B) P p: banded —F st hind tarsus brown
M Smenss wing fringe one pale spot
Chinn
Palpr banded last hund tirsus brown wing
frin,e unspntted Apex of pap white
7 M Vann costrtwo yellov spots wings
distinctly spotted  Indinv My
Philippines etc
8 M P cudopictus wingswithout promiment
sputs  Lurope
9 M mnutns wmes two white costal spots
Punjib
Ape\ of pupr blncd
10 M miereimys  Indin
{C) Pnlpi binded 11t hind tirsy white
11 M mawrtanns two hind tars wihite
12 M Paludis three hind tarsiwlute  Africn
Note—D 11/ Plumsger and Tenebyisus are 11ther Bar
burostys of S omsns 1 ¢ rling to Tueoatn  Add M F eudo
bavbirostvis {r m th Philippine
Genus  \3 sorhvnchus —woow  to puncture
bite  puyxes proboscis
Mosquitoes mostly with legs spotted ind
banded or one or more tars1l segments pure
white  They we both domestic 1nd wild mos
quitces  They breed chiefly in pools with algre
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ndm Iles N Stephenst will, howeser, breed
mpots md tms Lyt antennal haur simple
Ovn, type 2

Legs mmspotted [ ana with outer pur of
«lype u hurs markedly branched T eaflets of pal
mAate hurs wath long fil ument

1V Tuliginosus — Probably = Leucopus,
Dontz - Costr four Irge and one or more small
pale spots  Temorn, pale band near the apes
Hind tast three and one fifth pure white  Prlp
two narrow white binds apex white (Iig 53)
Indit

-V Rarwarr —I egs not speckled, one 1nd
one fourth hund tarsnd joints white  In fore wnd
mid legs tirsal joints, except fourth and filth hne
apicil wlite band  In hund legs tibin, first and
second tirsus hve prenl bands thurd and fourth
hasve both pical 1nd basal bands  the fifth
white  Iips four white bapds, two ternunal
brotd ind equal two basal narrow, apex wlnte
Indin

Legs marl edly spotted  Larya with simple
or slightly branched frontal hurs  Iilaments of
palmate le dlets tery short

3 N\ Stephenss —Syn = 1 Metaboles, Titro
paLD  Irous without 2ny segment of Iund leg
white I egs brown, wpeckled with wlute, joints of
fore and lund t st with apred spots Wing costn,
four broad promuncat black spots mnd tnosmler
bl ones  The tlurd largest spot hns three
typical spots beneth 1t on the first long vein
I'nnge dul with pale arens Palpr two brond
apicil white binds one nirrow basal  white
scales between the Ist two bands  Indim
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4 N Maculatus —Resemble N Stephens
but 1~ easly distingusshed by tarst Wings costn
four lnrge and two mall basal spots  Under the
tlurd targest spot are three black spots on the first
long vein  Legs with femort tibiie and meta
tarst with broken creamy bands and spots
and md tars: with narrow vellow bands
trst with broad white ones
white

Fore
Hind
Lat segment pure
Palp:, four bands two uncquil white
apcal bands then a emaill white one and 1
second towrds the b e

= v e - e e ot
T T A P i Lin i e o
1 CU— TR + RS
o T SR iy 1 T T e
Pl s e VY P ez sonis e
s *

Fig 53
Hind Tarst and Palfs t \ Kavuan {¢) \ \Ma ulata (1)
N Theobaldi ( ) V Tuligen sus (33 N Tuhigmosns (hag
purensis) (2) N Mculypalpas (5) N Jumesu (7
N Pret viensis (8 N1V illmors ()

N Theobald: —Wings Jet black with the
costn interrupted by five white spots ind an apicnl
spot  Tegs bnndled with white scales nd
large sub apicnl white patch on the femora  Two
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and 1 quarter lund tirst pure winte then 1 black
bind then 1 small winteone Paipt three winte
bwnds pex white, two apicil bands equal a
third narrow

A Nagpur variety which TuropaLp consders
m1v be 1 distinct species has two nd A half
tund tarst winte and the tips of the prlpr blch
Indin

6V Maculipalpis = 1 Jamesu wm Reports
to Roval Seczety STErncns and Cuiistopures
Wing costr blach with five white spots [ egs,
blwl <potted with wlhite last three hind tarst
pure white, and 1pex of next  Palpi two brond
white bands one iprcal 2 third narrow one towArds
the base The rest of the palp: spotted with wlute
Length 55 mm Indin \[nc

N Jamesu —Costy, four Irge nd two

small darl spots  Legs brown fore femorn wnd
tibrie more or less spotted  Hind legs, funor
and tibine with an apical white spot last three
tarsr whate and apex of next (F1g 53)  The first
tirsil segment of the fore leg hins wn indistinct
meditn band  Palpr blch with white nings and
white apteal joint closely rel tted to 2 uliginesns,
but ewily distinguished  Tength 3 1o 33 mm
Cp | Maculipalprs length 55 mm

\ Maculipaiprs v [udiensts —Hind legs not
quite o banded 15 1n the type  Some v inttion
i wing mrl ings

»  \ Pretorensts —Clypeal hrurs of Iinva
simple  Palps not mottled otherwie hie V
Vaculipalprs The two white 1pral bands are
further apart  Second hind tursus hias v smll
black pitch near its bae  Mctatarsus mottled
with white ~nd blark and has 1 brond wiite
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apical band hke the firit tisal  The last two
hind tars: only white
N Deceptor \DoNttz) Sumatrn Dece plor
bec wse very hke punctulatus or lencophvrus  Ter
minal hnlf of probosczs white  Terminal half of
pupt white with 4 narrow black ring at the
commencement of the third and fourth jount  The
nng around the hight end of the second jomnt
possessed bv 4 punctelatus 15 winting  Legs
simularly marked 4s in lencophyrus excepting the
tund legs which have only 1 small light spot 1t
the end of the tibin 1nd not 1 brod white band
1o N Wibmov: (Jame ) Punjab Rashmur
Wings four large nd three small bluk arens
Palpt three white bands the two terminnl ones
are equil and broad the third narrow and basal
Legs dark brown thicklv speclled with white
spots  The last tarsal egment of lund leg pure
white
11 N gnnulipes  Austrilia
12 N Master:  Australin
Genus Cellia —Wings densely scaled P ilpi
of ® densely scaled Eawly recognized by the
dense corting of irregular scales
Larvae (C Paulchervimus) —Antennal hrur
sumple  Clypeal hurs outer pur branched  Ova
type 2
Last ind tirst wlite
1 C Pulcheyrmus 33 white  Punpb
~ C Bigotu 3 Cluh
3 C Pharounss 1[3] 1 gvpt Ganbin
4 C Aigwvwtarsis 4 Pulpy  three bands
deep black bisal band to st tarsus
Acts 1s 2 host for ' nocturna
{Vinernt) West Indies
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5 C Albipes, 3 Pﬂpl two bands  West
Indies, Brazil

Last hind tars: yellow

6 Kochit, 3 Malay
Last hund tarsus black

C Sguamosa  Africa

Genus Aldrichia —Wings much s i Myzo
myza, for which genus 1t was onginally mistahen

1 Al Lyvor —Resembles M Rossi asily
distingwshed by the abdominal «cales  Indin
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Chapter \} 1T
THL HABITS OF ANOPHETLS

GEOGR\PRILAL DESTRID TION

Tins s s vet £ too imperfectly known for
1 close consideratson of the subject to be of much
salue We mu (onsder howeser thit the
Anophelina of some portions of Africa and_some
portions of India are hnown with = <ufficient
degree of exactitude to mnke 1 compineon of
mterest 1§ however we taihe nto conader hion
the distribution in the defferent puts of the
same country the datr we not e ulv aumerous
enough  Thus for metince Pyrelophorus Joy
rensts s been recorded <o far only from Madras
Jevpore) ot s 1lmost certais however that s
distribution must be wider than this A un we
hve 1t present pricticdhy ne dua of th part
of the world intervening between North Mricaangd
Indin but st s of taterest to note here thit «o fie
only twospecies hue been found common to Indin
md \Mner vie Nvss Maculipalpes and M Basbr
rostrts mamy goaert ue hioweter ommon to
Lurope Myus and Indin and wmong these the
speetesare sometimesclosely alhed Thus My zomyia
(xmcvtus (A ) i cdoseby athed though distinct
tom Myzomaa Listons \nd further in the case
of these two species we wtsilly hnow from dis
section and not from tongecture that they both
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are found n-turally conveying malanal sporozoits,

and both are associnted
endemicity
of the Lnown lnophelina

with trews of Jugh

The following 15 1 complete ltst

Where the sime

species occurs in more thin one country we hue
indicited the fact by mserting 1n brachets the

number under

list —

r3l

11
.
13
ry

19

=0

i3
3
4

>
f

Lurope
1 Maculipenms 2
A Bfurcatus
A Nigripes 6
Pyr Superpictus

Palestine
Pyr Palestinensis [1]
M Pseudopictus [4)

which 1t first “occurred

w the

Mym Hispimalt (and
TenenflesJ

Myso Pseudopictus

A Maculipennis
P Superpictus

North America

A Maculipennis []
(> Curopenn species) 9
A Nigripes 10

1 Pseudo punctipennis

A ifurcatus
A Punctipenmis
A Crucians

South lmerica and W est Indies

C Argyrotarsis 15

C Bigotnt 16

Mym Lutrn 17

Arrt Maculipes 18
Afria

Mym funesta

Myzo DPaludis -Z

Mym Rhodesiensis

C Squimosu

Pyret Superpictu (West
Con tandMashonaland) 30
Pyret Costalis 3

¢ Pharoensis (Gamba 3
pt 33
M,ﬁ]) Longipalpis 34
Pyret Masshaths 35
(M shonaland) 3

Cs Crabliamt

Cyclo Medso punctatus
Steth Nimbu

C Albipes

Al Coustant (Madagscar)

Pyret Crnereus (S Africa)
‘\1’m| Mauntiinus

Mym Hebes (E A and
5% 8

Dyret Merus

Nys Macuhpalpis

Nys Pretoriensis

Myzo Barbirostns

A Algenensis

Mym Impunc tus (! g3 pt).
Pyeet Chaudores( Vgerin)
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Indir
37. Myza Nigerrimus 45 Mym Culicilzcies
3] Myza Barbirostus 1) Mym Tlurlhud

'3t] Nysso Macohpalpis 50 Mym Llegans
33 Nysso Jamesi 5t \lyzo munutu
30 Nyswo dtephenst 5 Myzo rarus
Y Nyso lbeobalds 33 Ce ¥ ulchernma (Puajab)
41 Nisso Maculitus 5+ 1 Lindesayn (il
4+ Nyso Waillmon spectes}
43 Nisso harwan 55 & Immaculatus (very
% Mo folimnosus rare)
43 Mym Rossu(everywhere) 56 1 Artkenn (Goa)
36 Mym Listom 5\ Gigas (Inll specie )
4/ Mym Leptomeres 54 Ald error

M Indrensis D Jeyperen 1

Malysa

53 Mym Acomta P Ammus (Chima)
& Mym Ludlown 6y Nusso deceptor
61 Mym \lbiostns € Mwm umbrosus
& Mym Punctulatus 6, Mwvm albotaematus
3 Myvm ko hu [33] Myzo plumiger or [64]
{45] Mym Possu {Donitz)
{15) Mym Listons [ %) Mym ten brosus{Domtz)
(5] Mym virus [57] Mim Leucosphyrus
[51] Mym munutus {Donitr)
[335) Myz> barbunstris 43] Nyss Leucopus (Domits)
t4  Myza sinensts {Chuine) { 3] Pyret gracih (bomli)
[31] Niss> mrculatus 5] Mym vagus (Domtz)

M 1 selatum

Australia

€3 Apzorhinchus Bancroltn 71 N Mat n
b5 A Stgmaticy P \tratipe
76 N Ansuline

Norr ~From the Iifhppine we have M T eud> barbt
rots and 3 Ehilypmen s and three unela sfied— \

Vincents (Tonkan) % Faravtr ind 4 Pumati making 2 total
of aver eighty

P
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Seasonal Prevalence —Tew obsersations hue
been made on this point It would appenr that
there 15 one simple” explination which, at fest
m part will nccount for the prevalence of 2
prticular species 4t 2 particultr time, and ats
ippernce or disippearince 1t others  Wehne
2lready shewn how selectine the Anophelina e
in therr choice of breeding grounds, consequently
if 1t anv time eg, the dry season, 1 switable
breeding ground does not exist 1 particulir species
or genus of the lnophelina may be 1bsent

Thus we found in Nagpur (Indin, C P ), duning
the dryv senson 1n those plices where shallow
puddles hnd dried up Afym Rosstzwas rare butat
abounded wheres er puddles still remnuned  VWhere
weedy lnkesevsted Nyss fuligtnosus was common
elsewhere rire  Now these condrtions we directly
dependent on the runy sevson, 1nd where vast
arens of weedy swamp are formed during the runs
then M Nigerrimus pres uled to dlS’lp{)E’ll‘ when
the swamps dried up  In temperate climes, the
tempernture 1s no doubt, an 1importint factor, the
onset of the cold wetther Cusing 1 genera! luber
nthion  We may quote the following observt
tions —

Nissorhynchus Pretortensis —Tlns species first
Appered Februrry 10 and gridually becaime
more prevalent superseding the other common
species (Pyret  Cinereus) n April (TnromiLp
Monograph of the Anopheliua, p 99)

Pyretopherns Chandoyes —* In the winter up to
June one only sees C Piprens  These then dis
appen nd Pyret Chandoyer appenrs (Tueonrp,

o)
P '%‘he incidence of Pyret Chaudoyeris sud tobe
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accompanted by the recrudewcence of severe
malana but 1t ought 1lso to be defimtely shewn
that sporozoits nre present m thus species and
presumably that the sporozoit rate mcretses with
the outbrenh of malana

Tue HiBEPNATION OF ANOPHTLES

1 Hibernation of the Adult Insects AnNEIT
and Durton destnbe the finding of 4 maculi
penms durng the wanter in Lnglind i cellars
[umber rooms and other cold piaces but not mn
stbles where the temperature 15 higher

Thev observed the foliowing pomts —

(1) ‘The attitude 15 peculiar the mnsect lying
quite flit upon the surface with 1ts legs sprend
out In this posttion the under surface of the
thorx touches or nearly touches the wall

(1) Only femnles are found and the e are
alwavs fertilized and have the spermathecn filled
with spermatoz

{m) The sects are difficult to wrouse nnd
very sluggish 1n ny mosements they mnke

(1¥)" They donot feed unless the temperature
istused I Lept at 1 low temperature (prosided
the aur 1s morst) they remun for weeks without
feedin;

(\% 1f roused by r using the temperature they
feed readily 7nd the ovames rapidlv develop
Lggs ue lud ind in most cces the female dies
after thewr depomition
uley, hkewise behtve in much the same way
_ 2 Hibernation of the [ arma —The lanvae of
certain Anophele 1ppear 1ble to resist low tempern
tures and are found even when parts of the water
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Seasonal Prevalence~—Tew obsery1tions hme
been mnde on this pomnt It would appear that
there 1s one simple explination which, At lewst
m part, will rccount for the prevalence of 1
particular species 1t a puticular time, and it
appe wrance or disapperince at others  Wehue
already shewn how selective the Anophelina are
i their choice of breeding grounds, consequently,
if at 1y time g the dry <enson 2 suitible
breeding ground does not exist, 1 particular species
or genus of the 4nophelina my be heent

Thus we foundin Nagpur {Indin C P} donng
the dry season, in those plices where shallow
puddles had dned up, Mym Rosst: was rre but it
abounded w heres er puddles still remaned  Where
weedy lnkeseisted, Nyss fuliginosus was common
elsewhere rire Now these conditions e directly
dependent on the runy seison, tnd where vast
arens of weedv swamp re formed during the runs,
then M Nigerrimus prev uled, to disappenr wlen
the swamps dned up In temperate climes, the
temperture 15 no doubt an important factor the
onset of the cold weather cusing 1 general Inber
nttion  VWe may quote the following observt
tions —

Nyssorhy nchus Pretorsensss —This species first
appeared Februwy 10 and gridually became
more prevalent superseding the other common
species (Pyret Crmereus) n Apnl {Turosyp
Monograph of the inophelina p go)

Dyretopherus Chandoyer —* In the winterup to
June one only sees C Prpiens  These then dis
appear 1nd Puret Chandoyer 1ppenrs (Tueoparp

P 7o
The mcidence of Pyret Chandoyers sud tobe



211

accompimed by the recrude cence of severe
malana but 1t ought also to be defimtely shewn
that sporozoits ire present in this spectes ind
presumably that the sporozoit rate mncrenses with
the outbreak of malana

‘THe HIBERVATION OF ANOPHELES

v Hibernation of the Adult Insccts  ANNEIT
and DutTon descnibe the finding of 4 maculs
pennis duning the winter in Lngland 1n cellar
fumber rooms and other cold places but not 1n
stables where the tempernture 1s ngler

They ob erved the following ponts —

(1) “The attitude 1» pecuhar the insect lying
quite flnt upon the surface with its legs sprend
out In tus pouttion the under surface of the
thorax touches or nerly touches the wall

(n) Only females tre found and these are
Alwnys fertihized nd hwe the spermntheca filled
with spermatoz 1

(1) The nsects are dafficult to trouse nd
very sluggish 1n inv movements they make

() They donot feed uniess the temperture
s used  If hept at 1 low tempernture (provided
the a1r v monst) they remun for weeks without
feedin,

(\% If roused by rusing the temperiture they
feed rendily  nd the ovanes rpdly develop
Lggs are laid nnd n most case  the femle dies
after their deposition
Culex hlewive behave in much the s ume way
. 2 Hibernation of the I aria —The lnnae of
certn danpheles \ppenr ible to resist low tempern
tures and re found even when parts of the water
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Seasonal Prevalence —Tew observations hme
been made on this point It would appear that
there 15 one sumple explination which, =t lenst
m part, wall wcount for the prev ilence of 2
prticular spectes at v particular time, and its
'1{)pe wnce or disapperrance 4t others  Weh ne
already shewn how selectne the Anophelina re
m thetr chowce of breeding grounds, consequently
if at any time ey, the dry senson, 2 suitable
breedng ground does not exist 2particular species
or genus of the 4uophelina may be absent

Thus we found 12 Nagpur (Indin C P), during
the dry sewson 1n those plices where shallow
puddles had dried up Mvym Rossit was rare butat
abounded wherever puddlies still remmuned  Where
weedy Inheseusted Nyss fuliginosus was common,
elsewhere rarze Now these conditions e directly
dependent on the runy setson, and where vast
arens of weedy swamp re formed duning the runs,
then M Nigerrnmus prev uled to disappenr when
the swamps dned up In temperite climes, the
tempernture 1s no doubt, wimportant factor the
onset of the cold weather crusing 1 general huber
niton  We m1y quote the following obsenn
tions —

Nyssorhy nchus Pretoviensis —This species first
apperred Februury 1o and grduall beeame
more previlent superseding the other common
speaies (Pyret Cinerens) i \pnl (TnrobiLp
Monograph of the Anophelina, p 99)

Py setopherus Chaudoyer —* In the winterupto
Tune one only sees C Piprens These then dis
ppear nd Pywt Chaudoyvervppears {Tncopuip,

70
P %he madence of Pyt Chaudoyes 1 sud tobe
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accompanted by the recrudescence of severe
malann but 1t ought 1lso to be dehmtely shewn
that sporozoits 1re present m this species and

resumably that the sporozoit rate increnses with
the outbreak of malint

Tne HIBCPNATION OF ANOPHELLS

1 Hiburnation of the Adult Insccls  ANNEXT
and Durton describe the finding of 4 maculs
pennts during the winter i Lngland in cellrs
fumber rooms and other cold plces but not 1n
stables where the tempernture 1s higlter

They abserved the following pomts —

(1) “The attitude 15 pecubinr the insect lying
quite flnt upon the surface with s legs sprend
out In this pouition the under surface of the
thorax touches or nearly touches the wll

(1) Only females are found and these are
alwavs fertilized 1nd hawve the spermatheci filled
with spermatozn

(m) The insects are dufficult to arouse nd
very sluggish i iy movements they mal e

(1v)  They do not feed unless the temperature
isrused  If lept it 1 low temperature (provided
the «ur 15 mowst) they remun for weeks without
feedmn
(\% 1f roused by r using the tempernture they
feed rendilv nd the ovanes rapidly develop

Lges are lud and in most cises the femnle dies
after their deposition
Culex likewise behave 1in much the same way
. 2 Hibeynation of the I ara —The lanae of
certnin Anopheles ippenr able to resist low tempern
tures and are found even when parts of the water
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Seasonal Prevalence —T'ew obser 1trons hue
been mide on this pomnt It would ppetr that
ther¢ 1s one sunple explination which ~ at Jenst
m prrt will wount for the prevalence of 1
particubir species 1t 2 particular time, wd s
appearance or disappe uince it others  Wel e
2lredy shewn how selective the Anophelina are
n their choice of breeding grounds, consequently,
if it anv time eg, the dry sewson a swtable
breeding ground does not exst aparticul ir species
or genus of the dunophelrna may be 1beent

Thus we found in Nagpur (Indit, C P ), during
the drv senson, 1n those ples where shallow
puddles hnd dried up, Alym Rossti was rre but it
abounded wherever puddles still remuned  Where
weedy Inhesexisted, Nvss fuligimosus was common
elsewhere rire  Now these canditrons tre directly
dependent on the runy scison wnd where vast
arens of weedy swamp are formed during the runs,
then M Nigerrumus pres uled to distppear when
the swamps dried up  In tempernte chmes, the
temperature 15 no doubt, 1n umportnt {1ctor the
onset of the cold weather causing 1 generl Inber
nntion  We mny quote the following absersn
tions —

Nyssorhynehus Pretorienss —Tlns species first
appeared Tebruary 1o and gridunlly became
more prevalent superseding the other common
pecies (Pyret  Cunerens) 1n Apnl {Incopyvin
Monagraph of the Anophelna p 99)

Py retopherns Chaudoyer —* In the winter up to
June one only sces C Pipens These then dis

\ppear and Piret Chaudoyer appears (Inrosup

r 79%I1e incrdence of Pyret Chaudoyer1ssud tobe
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accompanied bv the recrudescence of severe
malann but 1t ought also to be defimtely shewn
that sporozoits are present i this species and
presumably that the sporozoit rate mncren.es with
the outbreak of malarit

Tue HiBrpvATION OF ANOPHEILS

1 Hiburnation of the Adult Insects  ANNEIT
wnd Dutton descnibe the finding of 1 maculs
penns during the winter in England n cellus
fumber rooms and other cold places but not
stables where the tempernture 1s igher

They observed the following powmts —

(1) "The attitude 15 _pecubinr the 1nsect luing
quite flat upon the surface with 1ts legs sprend
out In tius position the under surfice of the
thorns touches or nearly touches the w i

(1) Only females are found ind these are
alnAys fertihzed and he the spermathecn filled
with spermatoza

{m) The imects are difficult to arowe nd
very sluggish in iy mos ements they make

(1v} They donot feed unless the temperture
1s rused  If Tept at 2 low tempertture (provided
the nur 18 morst) they rem-un for weel s without

feedin,

(\%r If roused by rusing the temperature they
feed readily and the osanes rapidly develop
Lggs are lud ind 10 most cases the femle dies
After their deposition

Culex hilen e behave in much the same s 1y

2 Hibernation of the I aria —The luvae of
certun Anopheles \ppenr 1ble to resist low tempery
tures nd qre found even when parts of the water
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Seasonal Prevalence —Tew observations have
been made on this pomnt It would appenr that
there 1s one simple explintion which it least
m part will 1ccount for the prevalence of 2
prrticulnr species 1t 1 particulir time and s
appearince or disippe wrance it others  We line
~lredy shewn how selectine the Anapheltne e
n their choice of breeding grounds, consequently,
if 1t iy time, ¢g  the dry season, 1 smtrble
breeding ground does not exist, 1 particulr species
or genus of the dwophelina may be absent

Thus we found in Nagpur (Indin C P), during
the dry season, mn those plices where shallow
puddles hnd dried up, Alym Rasst was rare, but 1t
abounded whereser puddles still remuned  Where
weedy lnkesesisted, Nyss fulignosus v s common
elsewhere rire. Now these conditions e directly
dependent on the runy senson, ind where vast
wrens of weedy swamp are formed during the rams,
then M Vigerrimus presuled to disappear when
the swamps dried up  In tempertte clunes the
tempernture 15 no doubt, an important factor the
onset of the cold weather crusing 1 general hiber
nation  We may quote the following obseret
tiony —

Nvssorhynchus Pietoriensts —Tlus species first
appered Tebruary 10 and gradually became
more preialent superseding the other common
species (Pyvet  Cinereus) n Apnl (TuacopiLp
Vlonograph of the Anoplelina p g9)

Pyvetopherus Chaudoye: —* In the winterup to
June one only sees C Pipiens These then dis
appear 1nd Puret Chaudoyer appers (Turosup

r 79%‘]1e inaidence of Pyiet Chandoyerissudtobe
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accompamed by the recrudescence of severe
matana but 1t ought (o to be defimtely shewn
that sporpzoits re present m s spectes nd
presumnbly thit the sporozatt tate mncrenses with
he outbrenk of mnlana

Tue Hirrenition or ANOPHELFS

1 Hibernation of the \dult Insccts  Annrrr
wnd Dutton desenbic the findmg of 4 racile
penats dunng the winter wn Dngland i cetl s
lumber rooms nd other cold places but not in
stables where the tempertture 1s higlter

They observed the folfowing points —

{t) The ntuitude 35 prcuhar the msect lying
quite frt upon the ~usface with 1ty leg sprend
out  In tins postion the under surfwe of the
thoty touches or nearh touches the wall

(1) Only femes are found nd these re
Alnys fertthzed and have the spermathec filled
with spermatoz

() The i ects are difficult to wrouse and
very sluggish m 1y mosenents they made

(v} "Lhey donot feed unless the tempt riture
ssrused I hept v low temperiture {provided
the 1ur 15 mowt) they remun for weehs wathout
feedin,
(\§ If roused by rusing the temperature thes
feed readsly  and the ovanes rypidly develop
Tggs we lud nd in most cses the femate dies
after thew deposition

Culer B ewie hehave mmuch the same w

2 Hibevnation of the fart ¢ —The tannve of
certun noplicle yppcar thie to resist tow tempert
fures and re found cven when parts of the water
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are frozen over  Under these circumstances they
grow extremely slowly, if at all

3 Hibernation of Eggs—There 1s 1 certun
amount of evidence to shew that eggs can sunne
for some months 1n moist earth exposed to frost,
etc  Tor voung larvae hve been found in fresh
pools in the winter under conditions that made
it unlikely that the eggs hnd been deposited there
on the appearance of water The resistance of
eggs to drying under 1 tropical sun 1s, however,
practically ml_ In thecise of the eggs of Culex
fatigans Bhiss Lvans mnde the followmg obseria
tion 1n Caleutta — Desiccation of the egg boat
for one diy was generlly sufficient to present
the larvae from hatching out though omne or two
larvae did hatch out of 2n egg boat wlich had
been dried (° exposed to the sun) for siv dys

Mopt or DiSPFRSAL OF ANOPHELINA

There 15 no evidence existing 1t present to
show that mosquitoes habitually dispere any con
siderable distance from thetr breeding grounds In
fact the evidence 1s completely agunst such 1 dis
persal, and broadlvsperhing, the Anophelima remun
where they were developed and in the n1tive huts
where they find abundant food

That yanous accidental modes of distnibution
oceur 15 equally certun eg —

1 On truns, boits and even ocen gong
stexmers they may be cirned long distances e g
from West Africa and South Amerscn to Loglnd
but 1t remnuns to be shewnthat lnophelina thus
introduced ever effect 1 permanent habitation,
even when the removal by this means 1s from one
portion of the tropics to mother
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2 Locally strexms and canals miy carry
I e ind ov tlong distances perhips nules
Winds —The mvinum distance, that the
Anophelina can be carned m thus why 15 quite un
certun  Nearly all of the excessive distances that
have been given s possible fights refer to Culex
It appears certun morevver thnt the lnophelina
dishihe wind and scek shelter from st
Trees Plantatwns  Bush Jungle — Lhese
elewents undoubtedly hinder the flight of nopheles
and on the contrary open spices promote their
diffumon It 1s necessary to bear this fact 1n mind
where 1 belt of jungle screens off « source of
nopheles (1rsne) winch may iind 1 opportumty
of becoming infected later

DomrsTic AND WD SPECIES 0F ANOIHLLLS

inopheles ire mostly found i 1seoun thon with
nitne dwellings where there 15 nbundince of
food (blood)  \rofheles e 1lso generidly abun
dant where cattle e Yept

Certam species e distinctly  domestic 1
their habits ey Mym Rosstt Pyr costalis \ysy
Stephenst and others  1hev we found resting m
the davtime n the thtch of huts ind they
brecd close 1t hnd o the neirest puddle  They
m1y, however {ly up to hudf 1 mule of thae e
no breeding places closer

Other species e nut peculiar to houses but
are so found breeding 1n streams and pouls 1
the jungle far from babitations  Such species re
Nyss Maculaty Nyes Theobalde

The mosquitaes of the genus [\ corkynchus
on the contrary are wid  dmophdes  They e
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only oceasionntly found n houses  They breed
m etensive bodies of water swamps nvers
jungle pools etc It 1s Anopheles of this type
which cinefly frequent ones tent when thes s
1tched in remote and especitlly 1n swampy jungle
he more common species of these wild 1nopheles
are M barbirostris M Sinensis, M paludss

Narture or Toop

The normd food of the femnle (domestic)
lnopheles 1s blood  In nature they appear to feed
every night the stomach nesver becoming empty
In Anopheles cwght under ntturtl conditrons the
stomnch contents genertlly shew blood in two or
three stages of digestion

Temale Anopheles readily drinl wAter, espec
111ly 1f they hve been kept for some time in 2
dry bottle It seems doubtful whether vegetable
juices form m importnt irticle of food s Appears
to be the case with some of the Culiczdac ~ Mile
Anopleles cn be seen feeding upon brant and
other fruit juices but are notwithstinding, found
dead 1bout the second or third d1y of captinity

Under some condrtions the femnles do not
feed upon blood eg 4 maculipenms 1n Lnglind
(THCOBALD)

BANCROFT stites that Nyss Aumultpes will
Iive for 1 month on dates, but only for three diys
on bininis

Ite or frerpine
The wsual time for feeding of Anopheles 19

\fter dark, more especinlly in - the early mght and
before dawn  Occasionally some -nopheles may
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be found biting 1 brord dayvhght and ANwTT
and Dutton state that inopheles feed readily m
cert un parts of Nigeriy by dav - Possibly certun
species feed more rendily by day thrn others

We have ourselies seen on rire ocensions
M Rossu attempting to feed 1n the dayvtime and
Gru BCA sys thuCe allipes when disturbea
will bite at 1ny time of the day or mght

On the whole however the lnophelina re
strctly nocturnal i therr habits  Nor do they
hover wound lamps s Wi been supposed  Of
1 bifurcatus BLANCHAID siates that 1t bites
fiercely 1t dush but at mght practiaily not 1
Al At dawn however 1t begins agun nd 1t
bites -t il time 1n shady plices outhousts etc

Dis1aNcE OF I LIGHT

The mavimum distance that dnopleles can
fiv requires further study  In questions of fhght
the species of mosquito should “tw 1y be noted
Observations upon the thht of mosquitoes have
so far been vigue ind uncntie dl - With regard
to Aunophcdes on shups 1t must be borne 1in mind
that they hive not necessinly conie from the 1nnd
on the might upon which they appeiwr but may
hue come on 11>o wrd when the ship was in port or
even hve been bred onboard  In cert unallages
m ludiy studied by us Mym culiapactes Nyss
Stephenst and Ny fuliginosus were Alw 1y« present
m abundance of there were extensive breeding
grounds within quarter of 1 mile  Where villages
were distnt bl 2 pule from extensine breeding,
grounds they cont uned few orno inopheles  1he
only exceptions to tlus rule were when breeding
plices hd only recently dried up  In the ¢ e of
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the 1bove species they undoubtedlv fly farly
readily quarter of 1 mile but hall 1 mile appers
to be beyond the norm~l distance of flight

Rrrariov to Corour, Obour or Omrers T'te

Anyone who 1n the tropics, has left hus w wrd
robe open 7t sunnse and then closed 1t 1nd 1g un
exanined 1t some time later will huwe often
observed the well hnown fact that, on his white
clothes, few or no mosquitoes 1re resting but that
on his blue serge clothes there may be dozens
He will hwe noted too that outude Ins mosquito
net 1t 1s on the shadv side that the mosquitoes
rem-un longest until from here nlso, they fly 1wy
s the fierce sun rises

He will havenoted, too that dnopheles 1swell
1 Culex hwe 2 predilection for certun smells
Old boots and blicling attract them strongly
and the leather of 4 saddle room 15 their fnvourite
haunt  dnopheles, too much prefer the odoriferous
shin of the natine to that of the Luropean <s
expersments made by us 1n Sierr1 Leone clealy
shewed

Nurrart and Surepry hue made some
lbor itors experzments on the fluence of colour,
and find that nwvy blue 1s the colour most pre
ferred by 4 maculipennts nd yellow the one most
shunned

As, however the lmophelina least wre
nocturnal n their habits and preler Liing un
clothed portions of the body, the colaur of oncs
dothimg will not be much’ protection  1f white
orvellow sochs cn prevent the persistent attachs
of Stegomyra 1t would mdeed be 1 practienl boon
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To vanous trecs and piants has been asenibed
repellent effect upon mo-quitoes  None of thewe
st ttements has sofar borne vcntical ex ummation

Lenctnt oF LIFE oF MosQuiToES

The len,th of Iife of mosquitoes under suit
1ble conditions 15 probrbly considerible  severl
weehs to months In captivity they may af suit
~bly housed ind constintly fed be kept 1lve for
dvs weehs wnd even months A mosquito hept
some time in captivity becomes infirm md redily
falls 1nto the w iter whnlst lavingitseggs It alo
finds difficulty 1n hanging on to smootit ,l1ss
and even though 1 rough surface 1s supphed the
msect 15 const ntly found on the bottom of the
cnge resting 1n L horizontal position  After Laving
eggs such infirm mosquitoes genernlly die the
<tme mght In mature lnopheles certrndy remun
alive 1n huts for one or two months 1nd po sibly
longer  After the drving up of Ul breeding
pliwces the winged lnopleles donot much dimmish
m number for severil weeks  If the drying up
continues the numbers gridually diminish but
specimens my be cught up to two months or
more 1fters ards

ALsTiaTION  0F MosQuITORS

In very hot wddry countries the Ynopheles
which remun through the dry sevon apper to
exlubnt some peculs testies m their habats —

1 Unll'c hibernting mosquntues they {eed
regularly and are found full of blood

2 ‘The ovaries are n the myonty lwrge 1nd
the ova fully developed
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ANOPHLI LS—THL OVUM

Tue Ovin

tnopheles in captivaty generally 1y their eggs
on wome floiting object but 1o upon the surf e
of the water VWhen Iud on 1 solid object, ind
even when lud on the water, the eggs we deposited
i 1 piled up mass  Loater, the ov 1 of on w ter,
often form verv regular and beautsful patterns
Brich red mnsses of eggs re cometumes Iud
I'hese do not develop further

Observe (1) the wrngement 1 equilitertl
trinngles ind star patterns (1ig 19)

(1) The arringement 1n rows of ¢ges hung
side by side

Both ptterns arc dependent upon the shap
of the individual ovum oyt belonging to type 1
forming »tirs 1nd ovn belonging to type 2 rons

The number of ov 1 vares but 1s usully bout
one hundred  The size of the ovum vanes with
different species from about 06 to 10 mm

LawnaTtion oF \sornriss Oy

Anopheles ov 1 {(wath one exception s vet des
cribed) e bont shaped with an approvinrtely
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fiat upper surface and 2 deeply convex lower sur
face ~ One end which contuns the head of the
embrio 15 blunter ind bronder than the other
During, the nct of hatching thus end 1s forced open
by the escaping lanv e

1 TheUpper Surface—QObsers e that the upper
surface 1 generally granular or tuberculnted
ppenrmee At esther e «tremity st 1s continuous
with the pointed ends of the ovum and m this
position there are usally severl small polvgon il
arers  The width of the upper surfice nd the
extent to which 1t 1s encronched upon by the floats
varnies in different species

2 The Lower Surface —The lower surfice 1s
genertdly smooth md dark grey  In dimnged ovn
4 sivery membrane will be <een partly detached
shewing 1 deep shiny blacl surface beneath  The
silvery membrane 1= the onter covering of the egg
and formed by the Lwer of folliculir epithelrum
(I1g 39) In some ~pecies the lowel surface 15
marhed with sihery hnes forming 1 rcticular
pattern

3 The Iloats —Occupring bout the middle
third of the wide of the ovum 15 1 remarkable
structure—the floxt  This consists of 2 veny
dehecate membr ine continuons with the chitinous
cuticle covening the whole ovum nd containing
it cells

The floats are generlly evd in shape ad
shew regular trnsverse corrugations The shape
and position of the floats vary consderbly m
the different spucies

The Fridl  Around the margin of the

upper surfice (formuin, the gunwale of the boat)
there 1s m some species 1 gleammg white Inll lile
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structure  This 1s stnated in appearance, but
ortions of 1t m1y (in some species) be free
rom staations  In other species the ppearince
1s rither that of 1 wlite stmated nm™ In all
species of inopheles ovt yet deseribed, 1 stnted
fnll or nm s present  The width and extent of
the fnll vary in different species

Three very distinct types of osum have been
seen by us—

Tvpe 1 —Ova have the upper surface ven
narrow with the Iateral floats not touching the
margin (g 54 1)

The species with ova of this type are—

Al barbirostris M cultetfactes

M Sinensis M Lastons
sub sp migerrimus

pe 2—0va hnving 4 more or less broad
upper surfice with the lxteral floats touching the
mugin (Fig 54 2 3 4,nd 6)

Species having ovn of this type are—

M Rossu N fuliginosus
Ce pulcherrimus N Stephens:

Type 3 —0Ova with no floats and with upper
surface rudimentany (Tig 54 5)

One species only 1s yet described s 0v1 of
this type viz —
M Turkhud:

Species hwving o1 of the first type hwe in
all cases been species breeding 1n either open
ntural waters or running streams

Spectes with ova of the second type trein
genern] found breeding n pools

The only o1 1s vet systematically described
are those of the Indian Anopheles  Further obsersa
trons w11l probnbly dd further types to the above
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Tig 54 Owof Voph liia
1\ Culi afact C Pulcherrmin 3 M R
4 N Stephenst 5 N Turkhuds  h \ 1 ulipips
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Within each tvpe great yamation usunily
ewsts tn the different species  The followmng e
the most notable vanations found —

1 The Frill —The width  The continuity
of the fll around the whole of the margin of
the upper surface or 1ts replacement m the middle
third by the floats  The extent of stnntion of the
full  The presence of 1 stnated nm only

2 TheTloats —The position, plicedforw ards
and encroaching on the upper surfice or laterlly
sntul"lltﬁd The shape oval, globular, or scallop
she

The Lower Surface —Whether ornimented
or not with silvery reticulated pattern

The followmng 1s 1 bnef résumé of the
characters of the ova of dnopheles, 2s far s these
have been described —

Type 1 Al Stuensts sub sp mgervimus

Quiwm —Upper surface very narrow  loats
do not touch murgm of upper surfice Lower
surface of ovum orntmented with polygonal
marhings

M barbrrostyss

Ouvum —Upper surfice very nirron  Tloats
do not touch margin of upper surfice Lower
surfiee of ovum ornamented with polygonal
markings

M cubicifacies

Ouvum —Upper surface sery nurow  Tloats
do not touch margin of upper surfice  Tower
<urfice not ormwmented A short but distinct
frmge 15 continued around mugm of upper

surfwe
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A L stoms

Ovum —Uppes susfice very narron  1loats
do not touch margin of upper surfwe  Fower
surfae not ornamented A wmnll frnge pvees
around mwgn of upper surf we

Trvpe 2 M Rosat

Ovam ~L pper surfue browd  Trnnge sers
well daveloped md otrsited thron hout whol
length  1ionts stallop <l Sape wd udh
mugm of wtentor surfe  §ower surfie not
ornrunented

Ce pulcherrimns

Cham Upper surfwe browd 1 oty touch
margin of upper ~urfwe £ rninge wiil dovdoped
wround margin of upper sust e Birngons e
not preseat w thiat portion of e gt g
oser the foats Towar surfwe not ooameated

N fudt inou

Crgm Uppor swfwe modee ey broad
Tiows wombh merom o npper swfac Tloas
ton,, wd wton  Lringe ound spper surf e
only mdi wed by winte border T ower surfwe
not ors imested

N Actldipalprs

O um o Phe upper surfsce s sathar nawrow
The flaws uc vither short wnd vl and e
phwed fur fors ards v the ovaim of A Secphen 1,
though dess maukedhy ~v o the Taoge s Turk
devedoped but s not continued over the ot

it
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N Stephens:

Ouum —Upper surface broad except mcentral
portion w here encroched upon by floats  Tloats
plwed on margm of upper surface so that they
touch, or neirly touch one another 1n middle fine
Tlonts short wid almost globular [ rmge not
well developed I ower surfice not ornmented

N Theobald:

Ovum --As the females of tlis speces e
only been very occasionally caught by us m
houses we have not been able to descnibe the
ovum s deposited by the insect  Tully developed
ot remaved from 1 bred specimen showed, hiow
ever thit the ovum resembled thnat of N Aaculi
palpis  The floats were rither short and situated
far foraards s m A Stephens:  The fringe s
furly developed but does not pass over the flots

Tvpe 3 1 Turbhud:

4 Turkhudi s 1 very aberrt type <o far s
the ovum 1nd luvi are concerned  Both the
ovum 1nd 11rva approteh to the characters of the
Culev osum nd Jwv 1 The eggs were [ud upon
v flonting object  When pliced upon w tter thes
sl They were lud i the heaped up manner
sometimes 1dopted by Amopheles e\Feu'\H) M
Rosstt and \ maculipalprs  The chief charneters
of the oyum 1re —

1 No sepirition of an upper surftce 1S 10
All other lnopheles ov 1 At the thucker end of
the ovum there 15 an oval re1 tbout 1 qurter
the length of the whole egg  This 15 glisteming
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white tnd striited and probably represeats the
upper surface of other Anopheles ov 1

2 There areno flovs or any murhings
representing them

There 1s 1 pale 1ren at the thucker end of

the e, g with 1 scalloped edge

4 lhe ovum 15 otherwise wathout marhings

1t 15 obvious that the ehuracters of the ovum
re of considertble importance 1n the clssification
of inopheles ind every care should bLe taken to
describe these 1n 15 great detrl s possible

In m ing drawings of the ov vof nopheles
it 1s comvenient to use 1n eyepiece mucrometer the
width of the fnll wnd of the upper surface and the
fength of the floats 25 comp wred with the length
of the ovum may 1l be readily ind awcvrely
noted

To Mount Ova

No thorou hily satisf i tory method 15 hnown
to us but though imperfect 2y of the follovang
methods will give speamens in which ~ome it
lewt of the ovi preserve most of ther churc
tenistics

1 Pluc the eggs on 1 shide which hns been
mde shiahthy sticl v with babsim ind then mount
them in 1 drop of bilsim wnd plwe tcover gl
over them

2 Mount n two per cent form thin solution
and rin,, the cover, lws with balsym or wlieflx

3 Mountn ghvoenne wd nng, the specimen

4 Mount m 1 drop of ced rr wood o1l
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3 The Lyes The eyes are situited Inter
Ally, ind can be seen both from the dorsl and
ventral surfice Their size ind appearince yany
wath the age of the lnna In the full grown
[y erescentic compound eye 1s seen on either
side, and behind tlis 4 single pigment mass
(smple eye)  The compound eye 15 Absent n the
first stages nd becomes more prominent s the
Iarva approaches maturity

4 The Mouth Parts

f /
| i
:j) »I/"g

T'ig 55 Lateral Hatrs of Antennac

v M Rossts » N\ Stephenst 3 1 Tind savur
4 M Magorvimus

(@) Two very conspicuous bodies resembling
somew hat shiving brushes nre protruded or with
driwn under the overhanging clypeus  TChese
qre the feeding brushes, and are employed 1n col
lecting the mmute food particles on which the
larva feeds

b) On etther side of the mouth 15 2 brond
blade Il e structure carrying several leaflets nd
some hurs (manallary p'\lp§
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(¢) Delow the feeding brushes and not so
esily vistble are two stout bodies with comb
hil e projections (m indibles)

d) " In the middlc inferior hne hes 1 comenl
toothed structure  The under hip of Mewnert
g 23)

(¢) In the fully grown larvi 2 snout hike

roce s covered with short hairs projects forn ards
m the middle line bt tween the brushes

The front portion of the hend projects between
the 1ntennne 1 1 semm arcular smooth aren  In
front of this 15 1 protrusion overhnnging the base
of the brushes (the clypeus)

5 The Clypeal Harrs —These are four o1 siv
i number  Two spring {rom the extreme {ront
of the clvpeus neur the middle hne  two from the
outer corner of the clypeus immeditely over
the feeding brushes and two wsually very small
and not 1wy present behind the orgin of the
others

The cIvpeal hurs e best secn when the
feeding brushes are retricted  They must not be
confounded with certun other hurs on the lanval
herd  These arc

(1) S\ harge branched hurs ansng from
the prominence lymg between the brses of the
antennte

{n) Fouraimilar beanched hurs but smaller
situated further buk (NurTint and Smewry)

The hairs (xlubit grest v ttion in different
species but 1re quite constint in the one species
A minute description of these hurs 1 of great
mportance in des ribing the speaific duracters of
the larn
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Chpeal Harrs of Lariae —

(1) The four -nterior hurs mw be quite
sumple nd unbranched  inopheles having Iarve
of this ty pe wre Ml Rosstr, N Stephense A culscrfacres
M Listom M Turkhuds (21l Indinn speaes)

(1) \ll four anterior hurs my shew small
Internl branches P Jey porensis

In 1 maculepennis a1l four hurs nre branchied,
the outer pur form distinct tufts

(u) The outer pur may be marhedl
branched (from si to twelvehrurs or more artng
from nenr the pornt of ongin) ¢ ¢, Ce pulcheriimus

(v} The outer pur my be developed mto
2 close tuft (cocl nde} eg , Al barbrrostris

\’ A
(ﬁ} /\ //‘\‘ /l

a
Tig 56 Chypeal Hurs of Larae

1 M Rost \ Stephenss M Culi sfacies M Listoms
o \ Maudspalpss 3 P deporensss 3 Co @ ulcherrimus
5 M Smenss A Barbr tras

The two hurs situted belund these may
nstend of being very short ind mconspicuous be
long and prommnent ¢ g Al Turbhad:

6 The Thorar —The thorix n the 2dult
larva s Jarge and globular  In the young It
1t 18 not <o broad s the head but becomes pro
portiontely lrger s the Inrv 1 dy inces g
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Numerous hars arise from the front nd sides of
the thorix  Nome of thewe varv perceptibly m
different species  \ number of large hurs 1nsing
from papiliae on the lower surfice 1re capable of
hemg used lmost 1s 2 me s of progression when
the Tiva s 1o very shallow w der

{¢) Observe on the dorsum of the thorix
short but extremely stout nd strong hur unhke
the others projecting outw uds ind forwrds

) A flap hie bodv m1y  wath careful
focussing be ween Iyimg 1t the buse of the most
antenor hrurs on esther wide

(¢) Tnsome species of nopheles 1 single pur
of palmate hurs similar to those un the 1bdo
minl segments are found upon the thorwn  In
othiers they e rudimentary or ibsent  [he
presence of well developed palmate hurs on the
thoray s of speafic importance

(1) 1t s well developed nd functionally
active in \F enltestacies N\ Listomr P Jey povonses

(n) 1t*#% rudiment iy or ibsent n 0 other
Inrvae 1w vet described

7 The Abdomen ~The first sevenu segments 1re

very siomlur an shipe  The aghth Carnes the
opeming of the wrtube 7nd the minth ~ome
cunious paprile and 1ege haurs

Lachof the firit two segments ¢ wuries on each
side 1 pur of long feathered hurs The thard
arnes 4 smgle sumfu ur On the other
~egments there are much smaller and unfenthered
huss  On bl the sepmonts ther are roups of
sl hrurs which do not appear to vany and
which e not of sufficient smportance to describe
here  Nonc of the above structures pper to
vanoan different species
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Evamnation of Palmate Hawrs—The most
importint ippendages of the abdominal segments
are certun small fan or palm lenf shaped hours
attached by n short stalk to the outer dorsal

ortions of certun of the segments (g 57v)
The number of segments berning well des eloped
plmate hrurs vanes in different species

Place the larva under 2 coverglass i 4 drop
of wnter or use 1 permanently mounted I

N2 7
¢ ,

1 -

Sl =

3
T'ig 577 Palmate Hatrs of I areae
1 Al Rossu 2 M Yigerrimus 3 M Listont
3 N Maculate

r  Determme the number of seg ments which
carry distinet nd lrge palmate hurs wnd those
carrying 11l developed ones

2 Carefully cut out with 2 needle two or
three centr il \bdominal segments  Crush these

The following arrangement of these hurs 15
found 1 Indinn specits of dnvae the only I
15 yet systemtically described



23

1 Tully developed hurs on all segments
{one to seven) 1nd on the thory
P Jeyporensts
M Lastont
M culierfacus
2 Fully developed hur on the second
to seventh or third to seventh segments  Rud:
mentry h urs on the second or even first ibdominni
segments nd on the thoray
N Stephenst
Y\ maculata
N Theobalds
Palmate hurs conhined to the third fourth
fifth sixth nd seventh <egments
AL Stnensts
M barbirostyis
A maculipennts (NUTTALL 1nd SHIPLEY)
Tmate hurs conhned to the fourth
fifth and sixth <egments
AL Turbhude
The I eaflets —In the well grown lane each
palmate hur consists as 4 rule of nmineteen or
twenty leiflets rnsing close together from 4 short
stall "and forming, 1 semn arcube fan When
collapsed s i« the ¢ e when the lary e 1s bene ith
the surfawe thest hurs wenconspicuous  WWhen
however the luvie tiles up ity chuadtenstic
attitude 2t the surfrce of the water these sprend
out fan lhe e are very strhing objects under
the mueroscope  In the freshlv hatched farvn
the scparate leflots appear to be folded to,ether
so that the hur has the ppearmce of 1 sgle
Innceolnte structure  \bout the thard day  the
haes are seen with seven to eight untformly Linceo
Inte lwes Loy woon after this they tahe on
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the characters seen 1n the hrurs of the mnture
larva

In the mature I the leaflets shew much
vaniation in the different species  In most species,
the lenflets termn we rathersuddenly 1~ number
of j1gged pomts or notches wlulst the centril
portion continues 1s 1 more or less fine filament

N

Fig 578 Leaflets of Palmate Hawrs
1 M Swinensis M Barbirostris V Lindesmu
3 N Thobalds \ Stephenst 4 [ Listens [ Culiesfrcies
5 M Rossts & M Turlhud:

The charcter of the notching nd the relative
length of the filiment to the leaflet we of <pecific
importince  The following types of letflets e
Inown —

1 The lenflets wre unbrol enly Jnnceolate m
shape withsaw lil e notches ilong the edge of the
outcr half  There 1s no distinct terminal il iment

A Sinensts
Al barbrvostris
2 The filament 1s long 1nd filimentous
A Rossu
M culicifacies
A Listom
N fuliginosus
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1 urther differences are seen 1n the cse of most
of thie "bove species  In M Jossur the filument »s
15 long s the lenflet nd there 1s scrcely ny
notching whare the two join In N Theobald:
the notclung, 15 well marked (11g 578)
3 lhe filunent s very short 1 mere spihe
Iile process N Stephenst
\ maculata
\ Tiobald:
N maculipalpes
The Strymatne Svphon —Lhe aighth < ;ment
bears the stigmatic opening  This s a Tuge
quidnlaterilsp ke with hud comb hhe cntinons
processes on ¢ither wide lhe e hine the tocth
prajecting, bukwards wnd are Cipible of bomg
pproximated so + to obliternte the ¢ty Into
the ntenor portion of the spure under coverof 1
Iip hile process the two mun ur tubes open
Ihe minth segment s vV lindricahin shape ind
15 ctuefly notible from the fct that it carnes four
Tnrge transparent papiilie well supplied with ur
tubes nd certunfon,, cursed burs - Of the hurs
onc series projects downw irds o to resemble
rudder  The others project posteniorly  There
does not apper to Ee much vantion i the
Aifferent species

Lawviagion or tin T arvy

1 Somefotures o ¢ feeding e convamently
studied b placing the s e an 1 drop of w ter
mowatcl s

Tor ex unming under 1 heh power the
wiivty of the Ty vmust be restruned by veover
[REN
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3 Permanent preparitions my be mnde at
once by plrang in strong formhin, then alcohol,
then o1l of cloves, then bakim (tide p 250)

4 Bewtiful prepiritions of ‘the praimate
hurs etc _are got by mounting the 1 s al sheleton
thrown off 2t the time of pupation

PupaTion

Just before thns process the lann becomes
quieter  The atthtude also frequentls alters
beconming 1 hnging one, somewhat like that of
t Culev Inrva

In this condition Iarvie are very readily
hilled by gitating the water (ind 1t 1s diflicult
to crry Irvae in this stage without 1 illing them)

{he chnnge into the nymph 15 very sudden
A few rpd motions wd the {)\\'\ Al shin s et
off lenving the charctenstic nymph

TuL Nymrmy

Thus stage m the tropies usually Iasts wout
forty cight hours  When first the larval cot 18
Cwst the lymph v hight m colour and maw be
readily overlooked I ater, the nymph becomcs
darler and towards the end and immedintely
prior to the emergence of the imago silzers pasckes
due to collections of wr are seen beneath the
cuticle

Pupre tal en out of the water wd lept on
marst bfnttmg pper willstill des clop mto winaed
meec ts (NuTTALL 1nd S L) Torthe distmetion
between Anopheles Culen and other nymphae tude

89 No dillerences inve been described between
the nymphae of the different sprctes of tnopheles



Chapter XX
IHI BRLLDING ITACES O \\OPHITLS

Brerpive Practs oo nornuirs

Directions fur the collection of  trnpheles
1nry ac e nlready been guen

Tt 15 7 matter of considerible importance to
hnow what species breed in iy prticul w situn
tion  §an w should be <ought }nr mn the most
diverse siturtions and  fter being o x umined aind
dev nibud be dlowed to batehi out New species
of dnopheles are often obtuned i this way It
15 the cwe i Indie ind aimost certundy wall
be found to be su m other countries thit certun
hinds of breeding phaces we preferred by certun
specie A collection of iy 1w mnde from shallow
puddies will be {ound to vicdd quite 1 different
set of spreis to one made from 1 streamlet or
pool full of vegetion even though dlose to the
puddies (T, 58)

The followmg tibule stitement gives the
maote commun atwtions of nepheles breeding
plices and the species s far s known found in
exh It obvious thit v great deal of work
yet remuns to be dome

11 wljudl n rh bitaton M Rova

2 Clew pulile wih ut muh

algn amt fr oo ticbid with
swepnd Lmoatr

W R
W L puddt wewr houes $it RS
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{8) Roadade puddles
{c) Cnttle footmarhy

v

N

N

{d} Shallow mudds sheets of water \[

() Pool\ n sandy river beds
{f) Liuge podls 1n quitnes etc
3 Puddles and pools with much
alga  Common 1n stretm
beds water tnckling over
rocks

4 Enarthenware vessels cmpty paraf
btn tins boats water barreds

5 Wells ~prings

& Swam
(a) Deep wnterwith much nquitic
vegetation

(3 Ruce fields wet cultnation of
all Linds

Running water
(0 Swiitly f>wing streams
{F} Sluggish arer, 1tion chaned
ditches muddy trchles edges
of rivers

(9 With much wecd and 1lga

(@) Stomy md shillow

A
N

z2

N
r

I

=

M
M
M
M

N

-

ES

M
M

72z

N
M
M

-+

maculaty
costahs

Stephens:
Ro i

culial wes
Turkhudr

Culigmosus
maculttu

Stephiens:
co tals
Stephienst
o tih
Linde 1yt

Smen 1
barbirostas
palud:

Posn
Jevporensis
muclita
macubplpn
Iindesavn

1ntom

Tune t
culictfrer =
maculipalpe
Sinen s

b ieburostnt
fulegnosus
maculata
1hebalde
culicileies
Theobldi
Turkhuds
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(b) Rondwide puddles {{‘f
{¢) Cnttle footmarhs N
(d) Shallow muddy sheets of water A
(2} Tcols i sandy rver buds Al

(fY Large pools in quarne etc M

3 Puddles 1nd pools with much
algr Common 1n stream
beds water trchling over

rochs N
N

4+ Earthenware yessels empty parnf
fin tins bomt water by N
I
5 VWedls <prings N
i
A

6 Swamps

(3) Drep wterwith much 1quatic
vegetation M
M
R

(b} Ruce Nelds wet cultivxtron of
a1l hinds A
P
N
N
\

Runmun,, witer

i M

(1) Swiffly flowing streams
() Sluggt b ey ation clianels
ditches mudds trickles edges

of tiver M
M

) Wath muth weed and gt

a4

{d) Stony nd shallon
N

A

micultt
contalrs

Stephens
Rosaue

culiafwies
Turkhudi

Tuliginosus
macul ta

Stephenst
eontth
Stephens
castih
1andesiyn

Sinenst
brrhisostens
aluds

Rossn
Jevporensis
mulaty
maculipalprs
Tmdesyn

T istem

Fun
cabiafcies
mculipalp
Sienas
barbro tos
fuliginosus
macultta
Lhe bk
cuhof ws
Lhecbrlds
Turkhuds
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N\ fubigmeous
\ Imd sayn
N mnculata
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Chapter XXT

THE IDCNTIIICATION OI ANOPHLLES
LARVAL

1 Vaked Eye Chasacters —Some Ianne my
be 1dentified by the n1hed eye  The distinction
however, between most species 15 nsufficient to
allow of separation by this means

2 Observe that the colour of larvae 1s not
dependent on species but on the n rture of the food
amount of hight they hue been evposed to m
nature the colour of the water 1nd other genert
conditions

The most distinctive of dnopheles 11 te
ue those of M Siensts and M barbrrostris These
e very large larvie most frequently black or
blach spechled with white but «lso brown or
vivid green 1in colour  Oneof theirchareten i
w1 peculiar stich lihe, apperrance nd the
wsumption of 1 bent or contorted 1ttitude

The Irvae of \ Turl hudr can be detected
Ly therr attitude which 1s almost Culex hhke
Lirvae tbout to change into nymphae howerer
1lso frequently 1dopt this position

Naked eve exanunation alumys  requires
senification by the microscope

(%) Larvae may be bred from ova deposited
by females of 1 hnown spectes  lo successfully
wcomplish this requires 1 good deal of ere
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1 Remove the prper upon which the ova
e Lern dad (p 96) ind phice 1 ¢ smnll
bottle contupmng some filtered fresh water from 1
pool or r un puddle

2 Plice m 2 good bight Lut take care that
the sun by the focussin, 1ction of the glass does
not hot the w ter otherwise the Jarnvae will be
Lafled

3 When the Ianie are hatched  temsfer
them (after 1 dn or two) to A lwrger ves b of
fresh water contumng some weed  When the
{resh nturdd appe rmce of the water dis ippe s
more fresh water fiom 4 pool should be dded

By heeping Tuvae in 1 nat too porous
crthanware vesed they muy be plwed with
mpumts dbd wnthe dirctsan s necessan
however to witch carefully  to _unrd v, unst
desiccation ind con cquent death of the L e

Iinvae lept i fhat partedly ghved ethen
ware vessels wath v centun unount of mud nd
l)h( edan the un dovelop more quict v th i those

ept i botthes

ft 15 of course necesaary to make art un that
forcign en ¢ or voun, ine e not ntroduweed
with the fresh wter

Somc Ty v we exceeding!y difficult t rer

itificnlhy not v those of M barbere trs ind
M Smemsis Py romun for long penod with
u‘ut pereeptbly mercsng nosize nd frequenth
a1t

(Y An dtantine and less tedous w s s
to v unime ncrly adult I w found innoature

md to ob e fter wourtely noting the Tl
chrwters what spocies of daophele  eventundly
hatches out
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Chapter \XI

THL IDENTITICATION Ol ANOPHLI ES
I ARVAL

1 Naked Lye Characters —Some lin1e mn
be 1dentified by the nihed eye  The distinction
however between mo.t species 1s msufficient to
allow of separation by this means

2 Observe that the colour of Iarnae 1s not
dependent on species but on the nnture of the food
wnount of hght they hue been evposed to
niture the colour of the water and other general
conditions

The most distinctive of dnopheles e
ne those of M Smensisind M barbuostrzs Thewe
e very large larvie, most frequently black, ot
blacl speckled with white, but tlo brown or
wivid green 1n colour  Oneof their charcterstics
v 1 peculiir ‘stid hle, apperrance, wnd the
assumiption of 1 bent or contorted 1ttitude

The larvae of M Tuslhud: can be detected
Ly therr attitude which 1s almost Caler lihe
Lnvae 1bout to chinge mnto nymphae, however
alvo frequently 1dopt this position

Naled eve examunition nwnys  requirts
verific itton by the microscope

(A) Larvae may be bred from ova deposited
by females of 1 hnown species  To succesofully

weomplhish this requires 1 good deal of eare
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1 Remove the pper upen wluch the ovt
hwe ban lud (p 96} and plice m 1 small
bottle cont umng some filtercd fresh w ter from 2
pool or t un puddle

2 Plwem n good hght but take cwe that
the sun by the focussing 1w tion of the glhss dots
not heat the w iter othcrnie the e will be
Lalled

3 When the farvae are hitched  trnsfer
them (after 1 dw ortwo) to 1 Lager vessel of
fresh water contumn, ~ome weed  When the
fresh vl ppewince of the water disappe s
more fresht water from 1 pool should be wdded

4 By keepin, hirvie in « not too porous
earthenwre vesel they mu be plued with
mpumts dbdwoan the divectsan O necessary
howeter to watch carefully to uard y unst
desiecition ind consequent de ith of the Ty x

I ws e Teptm flat prrtodly glived erthen
ware vessels with veertun amount of mud  ind
Lﬂ wed m the sun develop more Guickly thn thaose

«pt m botthes

It s of counse necessary to m ke certun that
foragn oy U or voun, Jainvie e not introdwsed
with the fresh woata

Some v e we exceedim )y didheult 1o rear
wtitcnliyv notibiv those of Y barbers trs wad
AL Sinenst They semnn for long, penods with
out prreeptably mncre g, mosive wd frequentls
die

(B) An altanatne nd les tedous way s
Lo oy wine nearly adult Livve found i noture

md to observe after wounitely notimg, the Tl
chrctes what speces of nophede eventuadl
hntches ot
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By examunmg the lana on a shide without o
corerglass the main characters mas be noted with
out m v wav dimnging the Trsa which Iater
become~ 1 mumph ind eventualls animage 3
1 rule however manv <pecimens of the wre
speaies are found together Bv 1 prelimin n
ex ummatton 1 ie <hewing the <ame ¢ rracten
m 1\ be~orted out  1nd ~ome ~pecimens fternard
mounted 1nd ~ubjet ted to 1 more detuled exam:
nation 1 ikt the rest 1re alloned to hatch oat
1 due course

The charctensties of the larvae which e
of specific importance are s we have seen—

The antennne
- The chvpeal hurs
The leallet~ of the palmate hrurs
The <egments carrving palmate hur

et

By me ins of these characters most species of
Y gl larvie can be adenufied  So far °
Indven 41 phde  are concerned the folloninz
characters hold good —

Tipe 1—I e with the extemnil pair of
(hpeal hurs comerted mto 7 cochade Iibe tult
(Fag 5t}

Spedie~ hving Ianoae of this type are—

I barbire trr
M Siren s <ub sp rigerrrn

1 e of thas tvpe 1lvo e 2 barge brm o
hur upon the wtennn and the leafler~ of #1°
pimite hur differ marheds from all otier
Innne (Fig 578y

Type 2 —1 inae with the externil front1l
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lrurs branched but nét developed nto  tufts

(T, 56) N fuli mosus
Ce "pulcherrimus

Mpe 3—larvae with the extanal pur of
fronta! haies simple and wnbrnched and wath
palmate burs on every bdomimnl < gment and
on the thor (T1g 36)

AL culicifacies
A L astou

Iype g =T arvac with the esternal pur of
front 1l hurs simple and unbrinchied but with no
devcloped plmate hurs on thoiy or fiest ibdo
mimd sogment (B 56}

M Rosstt
N\ Stephens:

Type 51 e with two lrge additionnl
Ty placed betind those aleewdy mentioned - Al o
with first three abdominat scgments froc from
pimnte hues M Turl hud:

Tarta of M borbive tris - Antennayvwath Lirge
branched hur  Isternal pur of frontal hurs
davdloped into coct ades Padm e birs onsecond
toseventhnbdommal s gments T flotsof palmate
hurs Janccolite i shiape ind deeply sorrated m
ouler hdf  Hewd of v without prgmented
) ings

Larva of M Smenses — Antenn wath darge
branched e Laxternal pur of frontil hurs
devdlopud anto cochades  Palmte hurs ()
T eaflets of palimate hairs Inceobate with serrations
mouter il Heowd of i v waithout poemented
marhings
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By ex umiming the Jarva on 1 shde withouts
coverglise the mun characters my be noted with
out iy w oy dumaging the Fuva, whi e
bocomes 1 nymph ind eventunlly anmnge A
vrule however many specaimens of the are
specics are found  together By 2 prehmmn
oy mination Ly te shewing the same chandes
m iy besorted out and wome specimens  iterward
mounted ind subjected to 2 more det uled evani
nition wlnlst the rest e nlloved to hicho!
1 due course

Ihe chuactenstics of the Inrvae which ar
of specific import ince ne 15 we e seen—

1 The ntenne
- lhedyper hurs
o Ihe leaflets of the palmte hurs
4+ The segments carrying pulm e ur
By mo s of theee b urncters most speciesol
Lnopheles Inmvae ¢ be identified o fird

Indiws  lnopheles are concerned, the followi
chrwters hold good —

Tvpe 1—I 1rvae with the externtl pur o
cIvpeal hurs converted nto t cochade like tuf
(Tg 56)

Species having Iarvae of thes tvpe are—

M bavbiirostsis
M Smensts sub Spnegeryimus

I v acof this type also hve 1 large brached
hur wpon the antenn 1, and the leaflets of the
pdme hure differ marhedly from all athet
lirvre (Tig 578)

Type 2—I irvne with the externl fronfd
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hurs brnched but nét developed mto  tufts
(g 56 N fuliginosus
Ce pulchervimus

Tape 3—T arvae with the external pur of
frontil burs simple nd unbranched and with
pumate Inis on every ibdomnn il segment and
on the thorx (I 15, 56)

M enlrafpactes
A Listons

ype g4~ anvae with the external pour of
frontal hurs simple ind unbranched but with no
deseloped plm de hirs on thorw or fiest thdo
mim] scgment (Tig 56
Al Rossti
N Stephens:

Fape g—Tanae with two lrge additional
hates plcad Lehind tho e alee wds mentioned Ao
with tiest three ibdomimnal segments free from
pilmate hurns \f Tupt hud:

Tarta of N barbive trt - Antennuwithilur,e
branched bur Isternal pue of frontad hurs
davedoped mtocochades Pdmate b urs onsecond
toscyventh ibdominabscgments §eafletsof patmate
Gurs bnccolite i shape wnd deeply sermaed
outer hadf  Hoad of Taina without pi, mented
mrhings

Tarca of M Stmen oo — Antenn with Tirgc
brwched hur Tatomal pur of frontal b
devddoped ito cohades  Palmaute hors (4
T efletsof palmate b 1inccol tte with sorrtions
woouter bl Heud of By U wathoot pramented
machings
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By cxumming the Tiren on 2 shide without
covergl s the maun chiar icters m v be noted with
out m my way dumagng the vy, whichyt
becomes 1 mymph ind eventually anmge L
v rule however many specimens of the «
specics e found togcther By 2 prelmuen
ex ummition Ty 1€ shewing the same charcten
m v be sorted out  ind some specimens fternad
mounted nd subgected to 1 more det uled esan
miton wlilst the rest are allowed to hatdh out
10 due course

[he <harctenistics of the lnrvae which
of speafic import ince ne s we have seen—

1 The antennne

- The dypeal hurs

5 Ihe leaflets of the palmate hurs

4+ Ihe segments carrying pilmate hun

By e s of these characters most spevesel
In phedes line can be 1dentified  So fw

lndiwn dmopheles are concerned, the followin
chuwders hold good —

Tipe 1—1 arvne with the extermal pur d
dypel hurs converted mto 1 cochnde ke tlt
(Lig 56)

Species having 1 ne of this tvpe are—

AL barbirostizs
W Swnensts sub sp mgerrimus .

F v e of this type alvo have vluge brnchtt
Ihur upon the wnténna and the leaflets of the
{1'\]!1}’110 hurs differ markedly from Al other
e (g s7m)

Type 2 —I wvne with the externt frontal
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hurs branched but not developed nto  tufts
(Mg 50) N fuliginosus
Ce” pulcherrimus

Iyvpe 31 wvne with the external pur of
frontal hrurs simple and unbrancied and with
plm e hurs on “evers bdomnl segment and
an the thor v (Tag 5b)

M uirafacies
ML ston

Type 4 —Farv 1 with the externil pur of
front l hurs simple nd unbrmched but with no
developrd pabm e rurs on thowas or bret bdo
minil seyment (Lig 5,00

M Rossut
N\ Stephens:

Dype s -L e with two hage wddihonnd
s phaced behimd those alredy nintioned - Mo
with firt tuee abdomind sogments free from
pdmatc burs N Jud hads

Tarta of M borbiadtrr - \ntonnawath Tage
branched htur  Extermal pur ol frontal huns
davdloped intococd ades Padmate hors on econd
toscventh ibdomin g s gments T afletsof palmate
burs Ianceofate e shipe ind deepls serrited in
outer hdf Head of Ty withoum pr mented
warl s

Larra of X Sencnst Antenny with lirge
branclied hur  Isternad pur of fiontal frues
devdoped mto cochdes T Padmate hurs ()
T eaflots of padm e s Jinceolate wath soeations
mouter Mll Hoad of Tirv v wathout prgmented
marl s
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The habits of both these species, Ml barbirostns
and M Sinenses sub sp mgeriimus,re very sumily

The larvae are found i water with muh
aquatic vegetntion—rivers, Ithes, ponds, wd
swamps  Thev are only ctught singly, but e
geneindly widesprend m their occurrence where
Jarge bodies of water re present

Tarva of N fuligmnosus —Antenna without
Targe branclied hur ~ Externtd pur of frontd
haies bianched (branches usualls st in number)
Pilmate hurs on second to seventh ~bdomndl
segments | eflets of paimate hurs with ven
mirhed shoulder At ongm of terminnl filument
Terminal filnment from one 1lf to two thisds the
length of b1l portion  Head of Inrva with ds
tinctive markings

Layva of A culicifacies —Antenn without
1 wge brinched har I rontal hatrs a1t unbr inched
Paloate h urs on first to seventh ibdommal seg
ments wnd 1 pur of furly developed ones up
the thorty  Palmate haurs with ternun i filament
nearly s long as basal portion Head with
markings

Larva of M Listons —Antenna without (g
branched hur  Trontal hurs simple  Palmate
hurs on 7l segments and very well dexeloped
puronthoriv  The palmate hurs i this spea®
we very Inrge  The terminnl filiment 18 perhy
s long 15 bwal portion

Laria of Ce pulchervimus —Antennn withou!
luge branched hur  Outer pur of frontal hue
branched (six branches)  Palmate hars on wecon
to seventh thdommnal segments I ilament of
mate hur nearly as long s basal portion  He?
mrhings present
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Nature of breeding place unl nown

Iara of M Rowsit —Antennr without Inrge
branched hur  Irontal burs unbrnched  Pal
mnte b urs second to seventh abdominnl scgments
Iermunni fil unent of palmate hur very long
often longer than bl portion 1he shoulder
at the ongin of the filument 15 very <hghtly
marked  There are markings upon the head
(g s7)

Breeds nearly alw ys i small pools near
houses  These pools wwe frequently foul and
neuly flwin muddv  The femnle by her eggs
very rendily 1n ephivaty

Laria of N maculipalprs —Antenn o without
lnrge brnched Tuerid haur  Irontal hurs are
cculiar 1nd show a condition ntermedinte
etween the branched hars of M barbivostyrs
N fuliginosus wnd the unbrinched hurs of A
Resstt indothier species (Lig 46)  Pilmate hurs
on second to seventh segments  leaflets of pal
mute Irues hwe very short filuments  1he notch
mg 1t the termination of the leaflet 15 not so
marled 1s 1 N Theobalds

Iavtu of N Theobald: {Gurs) —\ntennn
without irge brandhed laterat huar Trontad
hurs unbranched  Pudmate hars on second to
seventh segments  Leaflets of pumute hurs
litve vers short filuments  There e mnrd ed
natches at the ending, of the teaflet in the filument
(g, y79)

The Inrvac of this species frequent especinlly
slu,gish strcams with much growth of 1ign They
were found by us 1 N pur in ssocntion with
N Juligmosus ML borbirostres and M [ sstom
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The habits of boththese species M barbirostris
nd M Stnensts, sub sp mgerrimus, wevery similar

The larsne are found 1 wAater with much
tquatic vegetation—nvers, Inhes ponds and
swamps  Thev are only cwght singls, but e
generilly widesprewd 1 theirr occurrence wlere
Inrge bodies of water are present

Tara of N fuliginosus — \ntennt without
Inrge branched hur ~ Esternal par of frontal
Liurs branched (branches usunlly <iv m number)
Pilmnte hurs on <econd to seventh Abdominnd
segments  Leaflets of palmate hurs with very
marked shoulder 2t ongin of terminal filnment
Termnnl filtment from one half to two thirds the
length of basnl portion Head of Inna with dis
tinctive markings

Larva of M culicifactes —Antennn without
Inrge branched hair T rontal hurs 2l unbranched
Palmate haurs on first to seventh abdominal seg
ments, and 1 pur of faurly developed ones upon
the thorax  Palmate hurs with termmal filament
nearly ns long 1s basal portion  Head with
markings

I arta of M Listont —Antenna without Inrge
branched hur  rontal hurs simple  Palmate
hurs on 21l segments and very well developed
puron thorix  The palmate hurs in this species
are very large The terminal filnment 1s nely
as long 7s bisal portion

Lavia of Ce puicherrimus — Antenm without
Jarge branched hur  Outer pur of frontal hur
branched (stx branches)  Palmate hurson second
to seventh 2bdominal segments  Tilament of p}
mate hur nerrly as long s basl portion  Head
marhings present
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Nnture of breeding place unknown

I arva of \I Rovsuz — \ntennt wathout Inrge
brinched hur  Irontal hurs unbranched  Pal
niite burs sccond to seventh abdomin 1l segments
Termnnl filument of padmiate hur seny long
often fonger than bued portion The shoulder
it the orgn of the f(lwment 15 very shghtly
marhed ‘lhere are markings upon the head
(Lig s57v)

Breeds nearlv aw ys 1 small pools near
houses  Fhese pools are frequently foul wnd
nearly Alwys muddy  The female 1w her eg s
very readiy mocaptivity,

Lana of N maculipalprs — \ntenn without
Jarge brinched Iueral hiir  Irontal hurs are
{)c(‘uh'\r and show 2 condition intermediite
between the branched Laurs of Al barberostrrs,
N fuligtmosus ind the unbranched hurs of \f
Rossit indother speas (Tng 46} Palmate hurs
on second to seventh segments 1 aaflos of pal
mate ues hive veny short ilnments  The notch
mg at the termuntion of the lodlet 1 not so
mided s N\ Theobaldr

Iana of N Theobald: (GILFs) - Antennn
without lirge bruched laterd haor  Front
b unbeaeted  Palmite liurs on second to
seventh scgments  Telets of palmite hurs
hive very short tilaments  There are mrhed
notches at the endiny, of the leafict in the bl iment
(Li, s7m)

The Inarvac of this speies frequent cspecinlly
slu gish streims wath much rowth of ilgn They
wert found by us in Nagpur m st ihion with
N fuliginosus \I barbrrwstrts wd M istom
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Larva of M Turbhudi —Ehe lanva 15 Crlex
Lil e 1n some of 1ts characters though undoubtedly
much more nexrly related to the lnopheles type

The full grown Iarva s distingushed by the
ndoption of the shghtly hanging attitude  The
chief characters of the Inrva are —

1 Two lurge additionil frontal hurs are
developed wluch reach as far forward as the
longest of the hars deseribed 1n other larvae

2 The shape of the head differs from that
of the ordiniry 1nopheles Inrvn

3 The palmate hurs are only represented
on two or three 1bdonmuntl segments namely,
the fourth fifth nd sixth  Thev ar¢ absent on
the first three @bdomnal segments

The palmate hars are small and poorh
developed he leaflets e arregular and the
terminal filnment blunt

This species must be looked upon 7s 1 form
which mnats egg and 1rval st iges hias lost many
of the charwtenisties of 1uophcles eggs and e
and has appronached 1n these stiges the charwters
of the eggs 1nd Iy 1e of Culer
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Cr AsSIricATION OF INDIAN ANOPHELFS ACCOPDING

1o [ avan Cuaracteristics®

b Bedl bl

20 whb

bea hed ypeslb §

simpt

M Swnensis Teaflets of palmate hawe
sz Ianceolate and serrated
~% § M bubwstrs  Ditto
=

A Imdesavn Leaflets of palmate hurs
- shewing, regular and
s deepnotching (1g 578)
M Rosait Palmate hairs well deve
lojed on third to
3 seventh segments
Su Al Culicafacies Falmate hairs on il seg
- ments 1nd on thoray
£ | M lnstom Talmute hurs ven large
H on all segments and on
thora
- | N Stephenst
o1 N maculita
N 1 obald
:
6. N m ulipalpis
3
) P Jewparensss  Palmate buss very lege
e | on all segments and
2= thor
— —_—
PN fuligmosus Cilaments  of  leaflets
mg
i C 1l hernmus

M urkbudg PTalmte harrs on fourth

hfth andsixthsegments

enly  filument short
leafl t rudimenttry

- — T e

fh @ g14 g ow S 4 abed
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To Mount I ArvAL

1 Plae 1 drop of formahin 1 2 hollow
ground shde  The drop must be just sufficunt to
fill the cell when the coverglnss 1s 1 position

By mewms of 1 pipette or spoon tike up o
Inrva and removing the ceess of water, 1llow
the Innva to flont off into the drop of form thn

Plwe the covergl wss 1n position, ording ur
bubbk s, and ring with Canadn b usam, etc

It 15 important that no aur bubbles are
mcluded s 1 white depowt forms around them

if too much formalin has been added, the
excess must be carefully remosed before nnging
If hollow ground shdes are not v ulible 1 ning
of bilstum mav be mnde on the shde 1nd allowed
to become somewhat hard  11ll the cvaty with
formalin place the Iarva therun, and cover care
fully with 1 covergls  Avord excess of fluid or
ur bubbles It 15 best to wlow the Canwir
balsam to be just solt enough to stik to the
coverglss

[1rvac mounted 1 this way retun therr
chiarcters very well, and the clypeal and palmate
hurs (an be examined with eise

2 JoMount in Balsam ~If placed m lcoliol
o1l of cloves or nylol nd balvam n the ordinnry
way the shrnl ige of the soft parts nd even
of the haurs 15 very great

On no account touch the lrvae with forceps,
and only occ wionally, and with the utmost ¢re
with 1 needle point

Place 7 number of lrvae in 1 covered watch
glass contuning formalim - [ ewefor twenty four
hiours 1t least
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11ft cack Inrva carefully by means of 4 strip
of aigrette paper  Drun off the excess of formn
Lin, wnd place wath the greatest care m bsolute
dcohol © \low the speaimen to remun for at
le st ten minutes 1n alcohol

Remove with agrette papar to 1 watch
gls contumng ol of ddoves  Wath agarette
paper transfer to 1 shide  Remove excess of o1l
of cloves mount 1 1 lr,e drap of bakvun tihing
care that the dorsum of the Luva s upwards

If greqt « we i~ talen not to detach the hurs
by handhin,, the Iy 1 char wters are beautifully
displaved i ths was
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it 15 wdll hnown n 2 generl way that 1n
one country malina 1s more ntense thwn
another, but here we hwve @ mewns of ¢ty
measuring tlus difference, ind moreover, 1 the
different parts of ny pacticultr district We
mav allustrate this by the differences we found in
Bengnl 1n 1n extent of country where as far
we could judge the chmatie conditions werc
practiclly identical yet we find mn the environs of
Cnlcutta the endemic mdex 15 0 wlile in the
Durs (at the foot of the Himalayas) 1t 1s 16 Ingh
2 seventy two (lig 59)  We found however,
thnt there was one mmportant matter mn which
the Duus differed from Calcuttn, and thit was
m ats laopheles faunt  Wherets 1n Caleuttn
W Rysstt was the predonunant species yn the
Durs M [ astont whs the commonest dnopheles

Agnn in the Jeypore district (M deas), we hind
2 district of umformly Ingh endemnc indes, fifty
to one hundred 2nd here we found an Amopheles
P Jevporensss which we hid not encountered
elsewhere so that the view seemed tenable that
the lugh endemtaty of these districts ws
dependent on their specinl lnopheles fwuny To
test to what extent species was concerned
determining endemicity we then made use of
wother more ex «t method, viz, determiming by
diseec tion whether iny difference occurred umongst
the different species i the percentage of mitcted
speaamens  we were able to carry this outn the
¢se of M Rosst and M eubesfacies We wght
these spectes n the sume huts in the sume villges
at the stme time nd determmed by actunl dis
section the percentage of glinds inlected with
sporosoits  The results werc most strihing  nd
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fully confirmed our previous 1det brsed on more
genanl considurations of the importance of
species  They were s follows —

T Mim (Ponswg)
N mb Nob
! T 1 wth po € L
i
! 7
i ! !

—

M Cualicifcies 25) t2 36
Al Rowu 40| o ! °
I
I I (Marw)
I N mb N b
a f h o l fee b
| - -
1
A Caliafu e 69 6 I 86
I
M Rown 364 i ° | °

U ndoubtedv then under natural conditions
the specics s here 1 very important factor
Agun under artificn conditions {(feeding,
experiments) we found tht there was v dafference
1 the number of 2y gotes found 10 the stom wch 1
the result of feeding
[he specres which appe ired to be most wtive
were —-
A enlicajuctes
N Stephenst
N Thechalds
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Those 1n which rsygote formtion scemed
fess 2bund mt were —
M Rown
M Turl hudy
A barbirastres
1t should be noted however, thit wm these
exponments A1 Rossu became inlected wiude
mitwe 3t how neser been found wfected by us
There wre moreover, mnny considcrtions
winch fe1d to the conclusion tht e nature Al
specsts of lnophcles are not equally concerned m
the t1 wismussion of malagn
We muy e countless numbers of A Rova,
wn Calcutt i {environs) wnd get v malwnd indey
of o wnd thus ppeus to hold goad m Mrdris
Bomb1y wnd s fir s our abseryitions go
unnersily  On the other ind, where we find
M [ istont M culicsfacies, P Jesporensis n Indhin
we liive t b endemic indes
The group of mosquitors, those ssorrited
with intense mat o are smdl vk mosquitoes
with unbinded tegs (M3 zomysa group 1)

M IcvesTus anp P Costatis v by

[he former mosquito 15 lle A7 Lasto,
whih it closely resembles 1 breeder m clem
wters streums spripgs 1, while P ocostalrs s
found breeding in <l dlow pools bout houses wad
frequents towns (in Afncy) wiich AL funestus
does not

M funestys wns found by us to be mfected
in the I agos luaterlad to the extent of twenty
five to filty per cent
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P costalrs, 1n T agos atself contuned only
threc per cent of sporozoits

It 1s 1mportant then to determine precisely
the speaes m 1 district and to deternune the
percentage of infeetion with sporozorts

FIILRAIURL

Stephens and Chiristophers M lared Repirts to the Ry nl
Sicrety S nes VEand VEE Hareson and Son London



Chapter \\I1I
TO MAKL A MALARIAI SURVLY

Lyprae Maviria

The clue to the eprdemiology of maluin m
the tropies 1s to be found m the nfection of the
native population of 1 country  The malinn of
Curope s 1s merely the result of their exposure
to infection from this source  Imvestigation into
the natural history of maltnn, therefore, resolves
atself largely nto the study of natie or endemic
mana It his always been recogmzed that n
a particular country certun districts nre more
mnalannl than others It wnas not, however, till
Khocn used the percentage of infected children s
the test of the malial intenaty of v place tht
weurtte measurement of this becime possible

To InvesTicatr Thr Enpravic Mavariv or a
District

(A) The Breeding Places of Anopheles—

1t Examine 1l collections of water witlin
half A mile  Stir up the mud of small puddles
and use 1 dipper where the water 1s weedy or
difficult of access  Lyamme welle ‘chatties,
streams and swamps, 1s well s pools of every
descniption  T'ahe specimens of I e from ench
placing 1n specimen tubes 1nd lbelling
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2 Delermme the speaes of the e

collected
3 Mike 1 map of the neig hbourhood,

noting—

a)  All breeding, grounds

%b; Wht speaies are found breeding m
those (xumined (Fig 69)
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Fig 6o AMapstecmy b ¢ mate 3 \alanal Surz s

(D) The Presence of Wanged Anopheles—

1 Search m outhouses under cves et s
desenbed i Chap NHI for Anopheles Deter
mine the species note relttive numbers of ewxh
speetes on map e welation of nophele to
nune dwellings will probably be evident
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2 In the dry sexson the search for uopheles
m1y be negatine 1nd there miy be no breeding
plwes  Make in the most sheltered places smnil
cement pools and leep these filled with water
After 1 certun number of davs they may contun
young dnopheles Inrsae 1f the adults are present
m the houses (It 15 necessary to be sure oncs
water supphy does not contun young lanae or
eggs)  The absence of the Iarte 1 the pools
docs not necessrily mean howeser thit adult
Anopheles nre not present 1n the houses (see (hoice
of breeding grounds by different <pecies of Ane
pheles)

Note the result i the ¢1se of each test pool

3 In the conditions just described obserie
the pools made by the first shower of run of the
on coming runs  Note after three duys have
passed the presence of lirvre 1n many of these
Note the presence of these on the map The
distribution of lnopheles at the end of the pry
serson will usunlly be found to correspond to that
of native huts

I'nc PrRCviLeneF or Maparny

i we proceed to ascertun to what extent
mal i prevuls in 1 distiict we my attempt to
do so mn several ways

1 We muy consult hospital statistics nd
retarns of death from malwny  This method 15
open to such grive error that 1t 15 extremely
doubtful whether 1t 1« worth the Inbour bestowed
upon 1t

2 We mny determine to what extent en
largement of the splecn occurs  This method s
been lnrgely used



261

Piresvtions NecEssiry v MT1VING 10L
Sritry Tost

1 The lge of the Indiduals | ramindd —
ihe enligement of the spleen due to ordmary
muanal miection tends to disappear once the
mdnadul his o wed to suffer from mlnt
mfection  In very midnous countries where
cich mdiadual after ciddlivod  has bocome
fu iy immune the wdult popul tion st db shew
no splame enlwrgement (Fropsc U Mncay

In less mabous regions the wlults hive not
become Inghly immunized wnd 1 certun number
of them will be found with enbirged spleans md
muarlimfection The use then of the poreent
1,0 of adults with enluged spliens 5 not 1
e tble mithed of dotermiming, the rod intenaty
of miy

In chuldren the spleen enl e ment appe s
o require ocrtun time to hocome pp uent wd
1t tales 1 crtun e to disippiar i the
malirnl anfuction disappe s swath onsumg, i
nunity

In the oxumation o cuddiar for splome
cnlrgomont wd the prosence of pareates m ther
blood we found

) Inthe culy s one to tws veas the
number anfocted s usudh i v of dose
<hewing splome cnl rgement

(1) Above  two vears the pleen e s
sy somewh o m eveess o the pusite it

Gu) Above ton vears the spleen ate s
usitdly conseder by moexascof the pare ate rate

1t the use of v splaon consus one <heukd then
nod vamed dalt ind dudd ccunt ad chalden
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between two years 1nd ten yeurs of 1ge should be
chosen

2 The Distasct an Question —It seems clear
that the companson of the malant of widely
different rcgions by means of the percentage of
enlrged spleens tn the cluldren 15 not possible
We he however found that in Bengal, the
parasite rate nd the spleen rate m children < 1ried
proportionnily, the spleen rite wns, howevcr,
nearly iways about double that of the parsite
te

Tume of Year  Seasonal Variations —We

may determune by 1ctual blood e aminntion how
many individuals hwe parasites in the penplhiral
arculttion By the use of the parasite rate m
chnldren up to ten years of age we get 2 ddfimte
and tiue mdex of endennaity which may be used
i the comparison of one locility with 1nother

4 To the It method we would add s 2
compliment iry one the determinntion of the per
centage of infected 1nopheles as grving the actunl
nsl of mfection it district

THL DETERMINATION O] THL Inpranc Iapes of
v Pract

1 Place 1 pumber of clewed shdes m 1t
shde box  1ale 2 strught surgienl needle paper
and pencil

2 Choose 1y villnge or quarter of 1 town
Get the nsstance of 4 ntive with loc ihinflluence
the nitive magistrate w an Indin bustee, the
clief i an AMrncan villhge  Instruct lum to
muster the duldren of the villnge  The free dis
pliy of “ prce half pence, ete, will gre itly ud one,
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wnd by pilpiting 2 fow spleens pravioushy to
tilin,, blood specnnens the children will come
readilv - IU1s well first to tahe the blood of one
or two adults or big boys <0 15 to 1l fews  In
A1l e tngs 1t wall be found best to trhe for granted
the wilhinguess of the ¢nld nd 1f the operition
1o quichly nd quethy porformed there s hittle
objection, espe 11ty when ench recenes pryment
3 Make dry blood films by the method des
cnbcd 1n the carly part of the bool
At the sume time 2 spleen consus mmy
with advant e be mde

On ex inumng the hims determune —~

1) Number shewin, pirwites or pi,mented
leucocytes n the Llaod

(n)  Lhe species of el parsate prosent nd
the percent iz viduc for el of the numbers e
Trge enough

To Diversine THE INPICTION N T
ANOEHELES

(Int Storosorr Rate)

1 Collect w Lirge vnumber of n pheles 1s
comvenuent from the villye m md wound which
the previous obsen ttons hve been made

2 Dissect » mamy speamens s posaible

notm, m eiach e the speaes disected wd
notin,, 1 which speaes f iy sporosoits are
found

In many s the sporoz ut oite s ot
ordisanly low ¢ two per wnt  aith ugh
tmpheles are und it wd the mlaind indes
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1snot low  In others, especi ity 1n African bush
stations  the percentage may rewh Ofty per
cent

Lenve specimens not dissected for sever 1l
davs and exumine the mid gut for 2y gotes

AlapypiaL Inrrerion or Lt opEins

\lthough milina 15 an infectious disense
wd cwm e only from an onginal human
source yet in the tropics we cin no longer con
sidet the origin of infection 1s oce wion 1l wnd due
to the presence of other ¢ ises of fever In the
tropics nd espeily m Afnicy we e deling
with v disewe which s 1 normal condition of
childhood and which with the comncident infec
tion of dnopheles 15 the usuil accomp imment of
every nitive hut

Europewn mnlinn n the tropies s indeed
chiefly dependent on two factors—

1 The degree of exposure to native mlan
1e the prouimity to mitive dwellings

2 The endemic index of the natne dwel
Lings 1n question

To InvesTioaTL Firopein Mavarny

1 Cxamune the blood of as many I'urope ins
s possible  Enquure carefully whether the person
s tiling quimine at the tume, 1lso tie the
temperiture

(1) The number shewing pirisites or cres
cents

(n) The presence of pigmented leucoc tes

(in) The prescnce of n meree of the g
mononuc lear leutocy tes
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fn Gvery ewe ml e 1 differentinl count of the
leucocytes wmd 1eep tw record

O%)\( ne espectth amy commumts of Turo
pens sliewing L wge s porentage than usud of
milinl nfection  Note the conditions undec
which these 1re byvin, ind note so the probable
preater prevalence of bludwater fever i these
communitics ey Romn Catholie T athers West
African nuners rulw n commumties Lurope ms
1M poor Greunnt mees g, 1 the slums of native
towns (e Svan lslers cte Note those
commumiies habitu iy tiding guimine

P
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2 Note the w vk reb e n botwoen thede ree
of dl leadth ind the provimity of ntive huts
Mabe oy mp Ssson, Turopeom duelba,  md
slewing huts ad Woneds morelhteon with thew
(11, b1)

3 Mk o thorough imvesu,, tion of the
conditions m these huts
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(1) The percentrge of infected children in
each group
(1) 1he degree of infection of the ndults
(1) Roughly estimrte the number of Ano
Phelespresent whe thersw ummg, bundnnt,scanty,
or 1mpossible to detect by sewrch  In the Iatter
«15e mihe severnl test pools
(1n) Determine the species present 1nd the
relatise numbers of each
(v) Determine the sporozott rite for each
Sp(_( 1e5
(v1} Carefully mapall breeding plces,noting
what 1y e are found
Cpture v many  1nopheles 1s possible in
the Luropean housts espcaally in the mormng,
nnd by looking within the nets  Determine the
species sporosoit rate, and from where probably
derned Examinetheovanes wmdspermathecn nd
note whether freshly hatched or mpregnated
femnales re cinefly found Note the prestnce or
nbsence of mles
In mvestigting the malaina of ny such
ettlement native and Luropean continue the
observations if powsible throughout the year
Alnke obscrs 1tions on—
1 Seasonal vam itions in the endemic sndes
(pereentage of mfected <luldren)
2 Sensonal srittions m the number of
cases aumong Curopeins
Prey slence of ny particular species of
Anopheles 1t any time of the year
Distance of flight of 1nopheles from brecd
g grounds, etc
5 Sporozoit rate of luopheles at different
times of the vear
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6 1 xamne especrally the conditions wherc
{nopheles,breeding plhces n e huts opportunty
for constant wmport thon of m i nd numerous
susceptiblecinldrenenist andyet thercisacomplete
absenee of endemc mabinn In Afrcr ot wall
probably be smposaible to find such places but
they occur o Indin

I nprvic Al o1 a Cotntmy

Lhe map {p -53) shews how the endenuaty
of Targe tre1s of 1 country 18 1 very vanable one
W hen opportumits oflt s the endemic imdex should
be determined for cxh lochity md © far s
possible il the other futs detuld ove  But
the simple taiking of the blood of 1 numbar of
chibdren (under wnh mowy vllge gives At once
valunble iformation s to malnr of the distrct
mformition wineh often s quite unsuspected
Thus s shewn m the map the endomc indey
of Caleuttr i o that s to s1v i the immedinte
umvirons (not i the town stself) where prcuendiy
the condiion 15 onc of 1 number of 1olated
villages there s no madn amonyg, the patine
cduldren At Talp ugun the figure is low twelve
per ant but on rexclung the foot of the Hima
1 we find the oxtromeds igh figure seventy two
per cent o this cave we were able wmong other
differences to tind «ehfferent speaes of lmphele
which s we hve scen s undoubtedly an import-
ant {tor

In other Cases however all the conditions
my be apparentiv identicnd but witliun 1 distanee
of cven ten miles we may get 1 change from w
endemic index of o (Madeas) to nmety (Fnnur)
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(1) The percentage of mfected cluldren 1n
e1ch groulr
éu) he degree of inlectton of the adults
) Roughly estimate the number of dno
phelespresent, whe thersw uning 1bundant,scanty,
or impossible to detect by sewrch  In the hite
cse mal e several test pools

(v} Deternune the species present 1nd the
relatine numbers of each

(+) Determine the sporozoit rate for cach
\pe(l(’\

(vi)  Carefully mipnllbrecding places,noting
what [y 1e re found

4 Capture i mamy  nopheles s possible in
the Luropean houses especinlly in the morming
and by loohing within the nets  Determune the
species sporosoit rite, ind from where probably
derived  Lxtminetheov inies indspermatheca, ind
note whether freshlv hatched or 1mpregnited
femnles are chiefly found  Note the presence or
absence of mnles

In mmvestigntmg the madana of any such
settlement native wnd European continue the
observations 1f possible throughout the yeur
M the observ ttions on—

1 Seasonal var ttions in the endennc indey
(percentage of infected cluldren)

2 Sewonal virrttions m the number of
cses 1mong Lurapens

Prevalence of any particular species of
\nopheles 1t any time of the vear
Distance of flight of lngpheles from breed

ing grounds, etc

5 Sporosoit rate of lnopheles at different
times of the year
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6 Ixtmine espocinlly the conditions where
Anopheles,brecding plices natinehuts opportumty
for constant mtportation of mal it ind numerous
susceptiblecluldrenesist andvettherewicomplete
~bsence of endemuc malinn In Afria itowall
probably be impossible to find such plices but
they occur n Indin

Cypemic Arras or v CounTRy

[he map (p 253) ~hews how the endemucity
of lirge arens of 1 country 1s 1 very vanable one
When opportunity offcrs the endemuc indes should
be determined for each locility and as far as
possible ui the other facts detuled tbove  But
the simple taking of the blood of 1 number of
children (under ten) 1n 1y village guies i once
valuable mnformation s to malan of the district
mformation which often 1 quite unsuspected
Thus as 1s shewn n the map the endemic mdex
of Calcuttd 15 0 that 1s to s1y 10 the rmmedi e
environs (not 1n the town stself) where practiclly
the condition 15 one of a number of isotrted
villages there 15 no malima among the native
children At Jalpugun the figure 1s low twelie
per cent but on reaching the foot of the Himn
113 1s we find the extremely high figure seventy two
per cent  In this c1se we were able unong other
differences to find 1 different species of Anopheles
which s we have seen 15 undoubtedly an import-
ant factor

In other crses however all the couditions
m 1y be apprrently sdentical but within 2 distance
of even ten miles we may get 1 change from an
endemic index of o (M1dras) to mnety (Ennui)
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These differences hold good 1n other countries
cg m Italy  Hoe the mortility from malana
in the north 1s comparntieely trfing while
the south nd the wlmnds 1t 15 severe

Here the difference m1y be due to differences
m chmite but this explinttion does not suflice
1 the examples 1n Indin we hve mentioned

Agun we hawe great rregularties i the
distribution of the species of parasite e quar
tan for imnstince n the Duars (Bengal) 1
exceedingly common 1mongst the native cluldren
but in I thore 1t 1s rre

Sumlnr differences have been noted i Algerin,
where over large areis the quirtin punsite 1s
extremely rare yet a1 fess localities it occurs m
seventy per cent of cases (BiLLrT)

So m Indiy, s 1 whole we h1te certun
small arens where malana 1 intense eg  the
Durwrs Jespore (Madrs) ind Kanart (Bombw)
(Curisry} where we 1o find blnchwater fever vet
n others as 1 the Centril Provinces, wher
apparently all the conditions are Fivourible we
hyve only 2 moderate mtensity

We require then to ex umme carefully the
endemuc ndices over lirge 1reas m order to get
an awcurite oy of the v irribons 1 endennc
milarin The instances we e given will shew
how aroncous 1t 15 to <1v broadh such wd
such 1 country 15 Inghly mihnd for while thes
my he true of one distrct it nught be quite untrue
of nother

Turther, after hising established these broad
data 1t will be necessany to male v dos cuney
of ench mdisidul district in order to ¢nde nour
to explun the factors it work
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Chapter \ 1
CIINIC A STUDY O MAFARIY

Lavasearion or Rip Crsrs

fn blood countin, much prutwe onby ean
gite 1ecurte tesults  mururate resolts e mi
fadimg nd useless 1o compiritive purposes
counts should bk made dw s it the wamec time
if possible to obviste the (fiect of fhod et
Tor diluting the bloud g per wunt sl
sotutzon may b used or prefir by Toson s flad
winch b the following &nmm) 1
HO 1ho
Gheenn ECX
Sodim sulphiite Y runmes
Sodium chiwde 1 grumme
Metind vwolet {or other st un suflicent to
colous e nucle of the leucoosten)
The dilutin, thad must dw oy be pourcd mto 1
wtch gl md it should net be sucked up out of
the stock solution
No pressure must be used to mle the blood
drop esuae from the Iiner
Blood 1~ then ~oclod up o the murk 1 on the
pipette wnd the end of the pipette Crrefully wipcd
before plunging it mio the S()ISO\ s fluwd  the
Torsos wsuchked up tothe mak tor evactly  The
pipette 1s then rotted botween finger nd thumb
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50 s to ensure thorough mining  \fter rejecting
the first few drops which consist of diluting flmd
simply, 1 sm1ll drop of the mixture 15 blown on
to the counting chamber ~nd the covergliss
applied 1s ripidly 1s possible  No flmd should
est1pe mto the moat or under the covergliss
When NEWTON S rings are seen between the cover
glss and side of the chamber, the former 1s 1n 1ts
right closely applied position

In counting the corpuscles 1n each square
mclude of those that touch or overlap the sides,
only those on the left hand and top side or nght
hand 1nd bottom side  Count t lenst 1,000 cells,
the error 15 then only 1bout two per cent

The number of corpuscles per mm?*
_ No of corpuscles counted x dilution {100) % 4 0o
B Number of squires counted
The normal 1vernge values are for man 5000 ooo,
for womnn 4,500,000

Torar Levcocyrr Cotnr

The leucocytes may 1lso be counted At the
same time ns the red cells, 1¢  from the pipetie
used for the red  This method has the 1dvantage
that adl errors effect both counts equaily, wnd the
true rtio of red to white may still be got  Now
for counting the lencocytes much lrger fields are
necessary than m the case of the red, s for every
five hundred red cells there 1s only one white so
that counting chimbers especinlly ruled are often
wold for this purpose but their use i1s unnecessaty
and m1y be obviated by the folowing method

We require simply to deternune the tren of the whole
microscope field with 1 given eve prece objectnve nd gisen
length of tube
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1 One diviton of a Fhoma Zenw square = o5 mulh
metre

2 So that if the dinmeter happened to cover eight divt
sions the dimeter would be 4mlhimetres or theridius 2
mullimetres

3 lheur a of the field will therefore be 7z and the
corresp ndin,, volume of bloxl wr % (= d pth between
covergliss nd chamber 1e wr = 5 cubic millimetres

S0 that to get the numbcer of leucnt vtes i the cubic

mllimetre Wwe mu t multiply by ;9 51 but 1t would be much
more (omientent to multiph by too  In that case where
7 x —=— 7= 1 B85 mullim tres or diameter f field »
357 nmilumetres  \We require therefore to arrange our mictc
scepe so that the dinmeter 15 of this value and this 1s readily
done

Two obsers 1tions only are necessary

1 Drw the tube of the micrascope out <o
that dinmeter of field covers exactly erght divisions
of the Thomn Zeiss chamber note length of tube
Let this=v

2 Ditw tube out so thit dinmeter covers
exactly seven divimons  Note length of tube=3

[herefore i incrense i tubelengthofy  x
reduces dinmeter from eight divicions{ 4millimetre)
to seven divisions{ 3ymilbmetre) diflerence = oy
milimetre

4 Required tH cilculate what incrense 1n
length wall cause reduction from 4 to 357
(difierence= 043)

-1
This will be }Tj > 043

Tht caleulation 1s made once for all by the
observer for his micro cope and the tube s driwn
out the required 1mount uwng of course the
same ey¢ piece 1nd objec tive
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To find total number of leucocy tes per mm '—-
Total number counted ¥ 100 x dilution (100)
Number of microscope fields counted
Count one hundred 1f possible
The Jeucocytes m1 also be counted i the
speci it pipette for wlute cells but here 1gun the
method of counting by uwng the whole micro
scope field should beused  If the white counter
15 used the diluting fluid should be ncctic nad
o3 per cent  Sufficent gentian violet or metin}
violet 15 added to this to colour the nuclet

To Crew ProFTITS

Tor 1nv accuraey of obsers ttion the pipettes
should be scrupulously dean  There should not
be the shightest tendency for the glass ball to stick
to the sides  \fter 1 count has been made the
rubber tube 1s removed nd the contents ejected
by blowing {rom the pointcd end

1 Such up dilute acetic aad so that Al
traces of stun are removed

2 Suck up severil lots of clewn water to
remove the 1cid

Then absolute 1lcohol two to three times
to remove the water

Then ether two to three times to remove
the alcohol

5 Tinnlly blow hot ur through with 1
syringe the glss barrel of which mav be hented
m 1 flime (or simply sued ur through)

These procedures 12l ¢ 1 vers short time, and
1t 15 1 sitisfaction to hnow that the mipetie has
been put 1w vy perfectls dewn nd ready for the

next observation
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Tur Tstrvition o1 Thr HirnocLosin

Gowrr s hnemoglobinometer 15 the simplest
ind best  Insuching up the blood tike carc not
to hold the tube too vertical ns the blood rendily
flows out from the rther lrge calibre of the tube
Order from a ¢ood maker as several mferior
mstrument 1re on the market  The round form
of tube 15 mote ¢ 1oy to mantpulate than the fint

The sthndard of campanson in this ipprntus
18 mkro carmune gelatine the colour OP shich
correspond  to 1 one per cent watery solution
of norm bloed

! blood counting Appuntus etc cm be
got from T Hiwskiey 357 Oxford Steeet
London W

Diarr s hicmoglobmometer s wccurte It
possesses the ady intrge of dispensing with 2
prpette It costs £y

To Cotnt Patorrts

Diluting fwid  glheerine siturated  with
dihiin nd two per cent saline wolutwn tahe
equal parts of these

The rtio of platelets to red cells 1s 1 8 1bout
The absolute v tJue per mm * 635 oo About

Differential  Counting of I ercocvtes  (wide
pge 41)

Tae Lri cooyTES 18 MaLiria

We  hall conauder (1) the total leucocytes
{2} ihe percentage value of each hind
The Total Leucocytes —We muy tude 10000
15 the normat value per mm’* and as 5 000 000
T



274

1 the normal value for red cells, the proportion
of wlute to red 15
WC_ 10000 _ 1
RC ~ ;000000 500
Now 1 malarnn we mw find two conditions,
crther that the total number of leucocy tes 1s con
stderably Ddow the normal value 10000, 1o
there 1 leucopenin or hypoleucocytosis or that
the total number 1s much 1bove 10000, 1¢ leu
cocvtoss I there 1s levcopentn svy for st nce,
the tot 1l number 1 5000 mmstend of 10000 then
WC_ yo00 _ 1
RC " 5000000 1000
15 smdler than normal
f on the contriry the total leucocytes e
20000 instead of rooco e leucacvtows then
WC_ .oooo _ 1

A\ &
1¢ the fruction RC

:
1e the fraction we .

RC ~joc0000 250 RC
greater thn normnl
It this ritio ;:)((E that 1t 1s 1mmportant to

determine for unless the red cells are counted s
well 15 the white httle salue attaches to the

leucocytic s1lue
[urning now to ml i1 we find thitwe get
chinges of the followmg kinds —
(1) 117 m ngor Red ccll=2900000 WC_ 1
Wiite cells 10 000 RC 290
re leucocy tosss

(2) 11 30 1m rigor completed
1¢ leucopenit
(3) 2 pm temperatare 382

1¢, mcretsed leucopenit
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The leucocytosts was i this ce quite trn
stent followed by 1 marked leucopenin
Durning the course of an 1tk pemay hwe
changes of this lind —
1 Some diys bdore the nttwch wd before
par wies 1ppe r in the blood 1nsted of
WC_ 1 A C

1
DY = fe ent
RC 500 RC “rooo 10 N ifueopemn
2 Durmg the shivering nttn b nd hei ht
of the pyrena the condition <hin,es to one of
Jeucocr toss so that
ITC=3%<_) :36 or cen *
3 This leucotytosis may not st Tong but
1s followed ag un by 1 mart ed lewcopenia whack 1s
At 1ts maamum before the onsetof the nextattwl

iC 1 1
RC mstend of o mav be ot

Bicrer (Tig 6 ) who has truced out hourly
the relation of the leucocvte curve to the tempery
ture curve hns shewn that i reqular curves of
the tertinn or quartin type the leucocytic cunve
follows closels the 1anations i the temp rture
Thus before the tebrile attach sn & quirtan there

1
my be 1 leucopema represented by RC ~ T30

1t the time of the attack however there 1
WC_ 1
le & f =
ucouyto is of o =——

This gradunlly disippewrs passing through
the normal value T’wo and 1gain reaching A

marhed leucopenia before the next attul  lhe
varnations are of the sime lind i irregular



(12 1y 43y $Wuns 1 poger fo oy
=2 OMMI B APIP YT annaf uvitast aduirs I3
s4papruoustt fa 30juaiad ay) ur puv) 2149917 (vj0g

1pis pun 2%y
tSSuvyy ) duowys ) Sy

—r—e

ponding to the
copenin to the

temperntures, the leucocy tosis corres
mse of temperiture, 1nd the leu

apyretic intersals

24 (1243
bl 1 T
= 7z ﬂllIH
1) oo
- I M 1 e
- IWI
) [
e NE=a ST
ARt T (oc
- L I W
d -
I P ao¢
= bt e A vupa P — T |oL|se
L t——t—4
I”. TN hr‘ 619, : >. - oot |
=1 T | 1J%06 [oLE
I i 1 mjx,. mw.
S~ 2 e F 8¢ 8
= A 2 = 1 €[ £j6e
x e 3 02Ty g O Y
* S H
U ORI S Sl L - .M S
S O] r~’ [
T h sin o




277

The Puruntage Value of the Ieucocyies —If
we now miht U difftrentind count 1 stuned
specimen we shil e ble to nseertun what
chinge if any there s the relitne percentge
of the different hmds {for normnl values wide
P 42)
1 The mun characteristze ¢hiange 15 that
there 15 1n increwe n the percentage of lrge
mononuclenrs so that at times thev mwv even
outnumber the polynucler

2 The chinge s espeantly well marked m
the periods of pyresin (e when there 15 1 leuco
penin)  When thete 15 2 leucooy tosis thie mere 1se
m the mononucle s m1y not be pp rent

Ase amples of this lencowvic <hinge we
may give the following —

1) Smlt mononu lear 191 pa st
Lar,c mononucle ir ind
trnsition | 314
Polynude 50 .
Eosinophil 0y
ATt ¢ e of maliinant tertian (bastiwrLiny
{11) Smnil mononut e u 19 1 per cent
1, monomcle w nd
iransition i 410
Polvnuclear 360
Fosmaplul ob

ATl Cee of comitose malign wnt tertinn (bas
TIANCLLI)

Pansr —Mal pant tertim fever ¢ 47 C

() Small mononucle u 1S 1 per cent
T arge mononudlenr wnd
tr msitionnl oy
Polynucle i 553

< Tty Mg o 93es
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t 976 '  Malignant tertimn

(1v)  Sm il mononuclear 14 8 per cent
Large mononuclear 1nd
transitionnl 467 .
Polvauclear 385 "

The figures wre bv no means 1lw1ys s high
s this but s we hue iheady sud (p 41)
we consider 1 value above hfteen per cent as
diignostic of malina The higher values are
appreciited 1t once by n mspection of the
shde where the large mononuclears seem to occur
m every field and may be prigmented  Tor the
low values 1 careful count 1s required

An 1ncrense in the large mononuclears s
been found 1n one case of human try pnosomisis
This has not so far been confirmed, but 1f 1t 1s 3t
can but shghtly effect the v alue of the counts 1n
malana as 1 dingnostic menns for the chimenl fea
tures of trvpanosomrnsis 50 far 1s hnown are
extremely «haractenstie and the chanee of n
Furopcan being infccted with the disese does not
1ppe it to be great the two lnown ctses hning
occurred m tropic 1l \fricn  Turther, together
with the mcrense of the mononuclears in mal
there are if thoiough setrch 1s made lvo mig
mented leucocstes to be found  The rdatre
count of maltna is of gre it assistance in 1t least
two conditions (1) 1 those cses where quinine
I been tal en (2) where ¢onsequently the ding
nosis 15 uncert un 1nd the question of typhoid
fever amses s we <hall now «ce the sddatie
count 1n typhoid 1s quite different from thit of

mal
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Tyrrow Tevrp

During the fist weeh (of uncomphcited
¢ases) the leucocytes are normnl

During the second weel there 15 0 leucopenaa
¢ ¢ 2000 and the leucopeninis in proportion to
the seventy of the drene

Duing the third and fourth weeks the
lewcopoma 15 still more marled though nso
lencocytos1s may be found without wy npprent
cause

Relatree Lacocvie Talues —Dunng the third
fourth nd fifth weels the mononuclenrs lar,c
and small mw rewch the vaiues of forty to sivty
per cent  nd amon,, these the proportion of
small monvnuclenrs 1s very stniling

PrLatonia

Lhere 15 very early 2 leucacvtoss e g -5 000
four hours ter the imtid ¢l The m wamum
occurs as 1 rule Just betorc the csiws The
nunber may fall from 1 high v tuc to normal
twenty four hours I eucocvtosis is sud to bear
1 rel ition to the unount of exudation (¢ lubes
s olved)

Relative count—

I wuge nd smatl mono

nuclear - tog per cent
Polynuclewr G0 to gy
Lownoptul rue

Tur Winu Recriov v Tarnom

While we consider 11 1~ not going too 1 to
s1y that typhoid wnd munr: ¢ be readily dis
tinguished by the leucocy tic count vet seeing that
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m the WiDAL rection we hve 1o esy means of
dingnosing tvphoid, the applicttion of ths test 1
of the greatest service 1n those cises where the
dingnosis of mal a1 or typhoid rem uns doubtlul
Ve shall describe briefly how the test 1s carried out
There 15 no necessity for specinlly constructed bulbs
or gridunted pipettes ns often thought

1 Draw out 7 piece of gliss tubing <o
to mike 1 pipette having 2 tine end tbout the
dirmeter of 1 In podermic needle

2 Collect enough blood to fill the mpette
to the hesght of 1bout half an mnch  The blood
will rewdily flow 1nif the pipette 15 held sloping
downwnrds  Seil off the fine end 1n ~ flune
Centnfugalize, if convement but abundance of
serum ¢ tn be got without by allowing to clot

3 Jo Diluic the Seyum —Draw out 1 prece of
glss tubing nto 1 long fine filwment take
piece 1bout six nches long male an ank marl
wbout half w inch fiom the end of the tube
msert this muhed end nto the tube contumm,,
serum ( ind clot) and allow <erum to flow up to
the ink muk  then let 2 distinct bubble of ur
follow (the wize of this bubble docs not sigmifs)
next allow broth to flow up to ik marl  repcat
this procedure until mne drops of broth arc in the
tube these nre now eich separated by an aur
bubble and 1iso by 1 bubble from thc serum
I he dilution 1~ now one n ten

Blow out all the drop on to t shde or watch
glrss and mix by suching up <nd blowing out t
few times
Take 1 drop of the diluted serum n 7
fresh piece of tubing mahe @ mrh s bdore and
then nllow broth to flow up  this gives 1 dilution
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of one in twentv 4 sccond drop one 1 tlurty third
drop one 1 forty nd fimlly 4 drop of typhod
emuluon  ths gives 4 dilution of serum of one
w fifty contunmng typhoid bacilli  The whole
process of dilution tal es less thin five minutes

5 Typhotd Lmulston — 3 bacillus should be
used’that 1s known to be artive Tale a fresh
over mght agr culture and make 1 furly thid
emulsion 1n broth or «alt solution

Dilution and Time Reackron —A dilution

of one in fifty with 1 time fnmit of hall 1w hour
mny beused  With 1 less diluted serum the time
hinut must be less

7 Whatever time limit 1nd dilution be used
1t 15 Very ne essiry to perfurm controls from time
to time with 1 vantety of other cases to mahe sure
thatthe 1 Slutination if proauced 15 not produced
by normnl sern

Tne Isotronie Point ot lovicity or THr
Broop

1f 1 drop of blood 15 1Howed to drop ntv
one per cent solution of ~alt o a small test tube
and stirred up the umformly turtnd solution will
eventunlly become <lear when the corpuscles huve
settled 1t the bottom nd the supcrnatant flnd
will be unchinged  1if on the contriry we 1dd
mother drop ol blood to 1 little water 1 1 test
tube the whole drop s immedintelv laf ed 1nd we
have resulting a svlution of hacmo,lobin  The
former solution of salt 15 called hypertouic the
Intter <olution of water hypotomic ~Now if we
start with such 1 Iy pertoni solution one per cent
st and proceed findually to dilute 1t we shadl
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eventually reach 1 sirength where the hypotonic
te, hnemolysing effect begins to appew The
strength of salt solution just 1bove this where
no chinge occurs 1s the 1sotome pomt for the
prticular blood in questron This pomnt then
gmives us mformation 1 to the resistince to 1
haemolvtic action of the corpuscles  The blood
m various diseises 16 found to vary 1n regard to
the strength of <1t required to prevent htemo
Iysis  So that if 1 normal blood 1s unchinged by
105 per cent snlt solution, whereas a tbnormtl
requires 06 per cent to protect it the Intter
blood 1s described as having 1 less resistanee thn
the former but it has 1 kigher 1sotonic pont

The determinition of the 1otome pomt then
grves us a more definite notron of the sinte of the
blood in disense thin does 1 mere determn thon
of the hremoglobin  The 1sotomic point of humm
blood 15 1bout o 41 per cent s1lt solution

To DETirMin: THE [soTovic Point

1 Measure out one c ¢ of ech snlt solution
of descending strengths o043 per cent o41 per
cent 039 percent etc 1nto four small test tubes
and one cc of water mnto 1 filth tube

2 \dd to each the amount of blood con
t uned 1n two divisions of the stem of 1 Inowy
Zriss pipette {the whole stem contuns ten divy
sions
) Allow to stand for some time  Some of
the solutions will hase hremaglobin 1n <olution

The amount of h iemoglobin in e ich tubx
can be estimnted by 1dding the tmount of tnormal
blood 1n two dinistons to onecc of water  Call
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this = 100 percent  Dilute this solution so that
Amuanber of tubes equnl to minety eighty, seventy
etc per «nt e got  Compure the tubes con-
tunine the snit <olutions dicectly with these

in mahin the ressstuce of the blood 16
mnchedis lowered thus wiierens 1 a control
normnal blood 1641 per cent <alt solulion gave
no hiemolysis 10 the c1se of two malana prtients
the haemofyas w s equil to twenty five per cent
wnd forty per cent 1espectnvely

In blwl wAter fever on the contriry 1 rused
ressstnee of the blood may be found

CINiewL Stepy ofF Matarn

The U \Wlile not proposin,, hiere to con
sider the gener i renctions of the vine in malann
for which we must refer the reder to 1y ~standard
tent baok svet we tinnd 1t useful o consider some
pomnts which are of more particul v interest It
15 espect Uy i blachw ater that we still require
complete i th s~ of the unne and more espeuinlly
1n those who e constunthy subpect to malanal
attchs ind are i the sume time tahing quimine
It s posable thit such midyses mi ht gne us
indic thons whicl would entble us to nert the
dnger of m aittul of blulwater {eser nd to
determiic when quinime should not be ginen We
have not conmidered here the method of ex imining
the unme by (rvoMopy s 1t s not it present 1
practical chimal method  but its possibalities
should not be o1, 0tten

Ubusmn ia —The occwrence of dbununurin
m miim viges wonding to the pairticular
country thusin Rome 1t 15 uncommon 1n Senegal,
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on the contrirv e\(cedmgl) common ‘Thisisan
illustration of the often negiccted et th it troprel
minn differs 1 mamy w1ys from m i of
temperate ¢ hmes

Tlter the urine if morphologicnl constituents
we present 18 1s the case 1n blachwater fever
through two thiel nesses of filter paper or dd some
calaned magnesn then filter Place some urine
m 2 urine glass and with a pipette reaclung to the
bottom Allow half as much nitric aeid to slowly
tricl le mn (Sivion)  \ winte cloud at the Junction
Iyer indicites sevum albumn (globuhin or pep
toncs)  Uren mirate crystals wall often separite
out 1t this junction Iaver

Sevum (slobulin —Makhe the urine alk thne with
ammontt filter off any precapitated phosph ites
to the unne 2dd an equal volume of siturted
solution of mmonit sulphate  \ preciprtate
mdsentes globulms  or the formation of the pre
aptite may be seen 1t the junction lver  lest
fittrate for atbumin by adding excess of twcetic
wrd nd boiling

Hhumosos — Vadify the urme with wectic wad

wd n equil volume of 2 saturited solution of
st boil if 1 prectpitate occurs (1lbumen) filter
hot  \bumoses separue out on cocling or to
the hot hiltrite wdd ¢tustic sodn solutron then
didute copper solution graduwadly 1 red colour
sigmities tlbumoses

Nort —Urnines rich 1n urobihn (e g malarn
and blnchs tter fever) waill gise this buuret rerction

In presence of urobiln  to ten cc of unne
2dd exght grammes of powdered ammonium sul
phate until dissolved  boil for 1 few seconds  the
“Mbumoses e preapittted on the sides of the
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test tube pour off the urine and wash the pre
capitile with alcohol then chloroform  dissolve
m water and pply the biuret test  Test the
Alcohohie extract for urobiln
Nucleo Albumens —Titer the unne curefully

boil to remove albumen then 1dd gridunlly
excess of strong 1cetic 1ad  \ turbidity mdicates
nuclea 1lbumen

Broon (HicmogLosin Erc)

1 Lxamne Sp ctvoscopreally (I, 63) —If
the bands of methaemoglobin or oxyhnemoglobin
are sern confirm by 1dding ammonium sulphide
when the Lands of reduced haemoglobin re got

2 Hellers Test —Nile the unne strongls
alkaline with cqustic sod1 bol  the precipr
tate 1 the presence of hiemoglobin 15 bright
red confirm by dissolving the hiltered prectpitnte
1 eetr wad red solution s formed (spectro
scopreally this gives the charactenistic bands of
haemnchromogen)

Guaacum Test — Equal parts of tincture
of guuacum 1nd o1l of turpentsne (which has been
expo ed to the ur) ue tiken add slowly to the
urine A blue ning 15 formed at the junction
lyer

ME THAEMOGLOBIN

‘Theunne 1 bliwckwter fever when examined
euly mo t frequently coniuns blood pigment in
this form later ovyh1emoglobin  This according
to Hoppr Scyrer also holds good for every urine
with hremoglobin 1n solution
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The Characters of Methaemoglobin ave —

In acid solution the oxyhtemoglobin bands
are weth or mvisible  There 15 1 band betueeen C
and D nearer the former The band of wid
haematin 1s simifar i position It s however
close to

In alkaline solution the 1ad band dwappenrs
and 1 {unt band on the red side of D takes its
place {compare with alkaline hematin)

Reduced by unmonium sulphide the bhinds
of reduced hiemoglobin nre got It differs from
ovvhitemoglobin 1n 1ts ¢hemical rea tions by the
fact that it s precipatated by basie or neutrnl lend
ncet ite solution wheres oxyh wemoglobin 1s not

Detection —

1 In presence of oxyhiemoglobm  Ppt
with basic lend =cetate  filter decompose the
preapitate with carbonate of soda solution  ex
~umune for the binds of all methiemuglobin

2 In presence of urobihn  Proceed 1n the
sime w1y

3 In presence of hile pigment  Precipitate
these by making the solution alkahne with
ammomn fter adding CaCl

In neutrnl solutions 1ts spectrum 1s 1den
tical with that of haemitin in naturil solutions
(NrusavLr and Vocer)  Redaced by (NH,)S
methnemoglobmn 1 chafiged to reduced hiemo
globin and hiematin to rcduced haematin the
bands of which are ensily recogmzed

Uroniin

Frequently occurs in the urne 1n yaundice
stend of bile pigment
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According to HAYEM 1t 15 nssocinted with
methaemoglobiniemin Its occurrence in black
water fever 1s very common, occasionally befort
the attacks, but more constantly after the oy
hemoglobin has disaippeared or together with 1t

Chaiactersstics —

1 In aad unne 1 band near I occurs, be
tween 88 and 1o1

2 In alkalize urine 1 band between 81
and g5

NMake the urine strongly alhnaline with
ammonia filter ndd ZnCl, solution but not suffi
aent to form 1 permanent precpitate

A green flnorescence occurs and the mach
cletrer band nearer ‘b than the acid band

Detection —

1 Iforyhaemoglobin 1s present Precipitate
the urobihin with basic lewd acetite then acidily
the precipitite when the urobihn goes 1nto
solution

2 If methremoglobin 1s present Nentra
Irze the urine with carbonate of sodn  precipitate
the methaemoglobin with neutrnl lead acette
Tilter test the filtrate for urobilin

BiLr PreveNTts

Where urobilin 1s present, 15 1 blwchw er,
the colour of the foam on shaling the unine the
stunmg of the filter paper etc cannot be
regnrded 71s satisfactory tevts

Detection —

1 Gmelm Rosenbach Test —Tilter the urine
through filter pper (Swedish)  Dry upply 2
drop of mtric acid (fuming) to this 2 ply of
colours 1s got
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2 Hupprts Test —Precipitite the urine
with BaCl  Tilter wash the residue off the
filter (perforated) with 1cidulated H SO, alcohol
Boil A bnght green colour indicates bilirubin

3 Sunths Iest —Totencc of the unme dd
twocc of dilute tincture of 1odine (tincture of
1odine 1 1lcohol 10) A green ning forms At the
junction zone

Biuikusin ANp Hacmuiomin (v UriNary
SEDIMFNT)

1 Bilirubin crvstals form vellowish brown
rhomboidal plates or needles

Fasily soluble m CHCI,  Gives Gmrimnvs
reaction green under the mcroscope

2 Haemitoidin  dark red 1 colour or
greemish 1f 1mpure with mitrnic 1a1d they gne 2
transient blue

Acording to Hoppt SearEr however they
are 1denticnd

H \CMATOT ORPHYRIN

Occurs w urine 15 11l aline hiem atoporphyvrin
(T1g 64) Inuratc seduments 1siminr form occurs
It 15 <oluble n chloroform gnin,, bands simlar
to those of oxyhnemoglobin but aaid conmverts
this into 4c1d hiematoporphvrin binds  Sotu
tions hve 2 brlhant red fluorescence It s
found 1n the urme m tosi conditions such as
chronic sulphonil pursoning It 15 precipitated
by lend icetate while oxyhnemoglobin 1s not

Sucar

Before testing for sugar boil to remove All
proterds
u
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Reduction of copper solution 1s effected by
bile pigments  Reduction occurs 1lso 1n patient
trhing salicylic acid, sulphonal, nd ‘quimin
(StatoN), so that 1t mny be necessary to use—

1 Termentation Test or

L W !
earrs

Tig €4 Spectra of (1) Haematoporphyrin (i dcd Solution)
l(g) I}amcftf:[mrfhf\ sm n Alkaline Solutsm (3} 1 Neutral
Solution  (4) Haematsparphy yin {urate sediments)

2 Phemvl Hydrazme Test —Tnhe five drops

of pure pheny! hydrzine ten draps glacial acetic
acid, one ¢ of A sturated solution of common
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salt  add three cc of urmme bol for three
minutes cool crystnls separite out m 1 few
sunutes up to one hour  Thisis an exceedingly
delicate te t

» Tue DerecTion or QUINNE IN THE URINr*

The detection of qumine 1 the urne 15 of
ymportance 10 connexion with the property that
this drug has of inducing attacks of hiemoglo
binurin (blackwter fever) 1n patients resident in
regions where m lina s espeanlly virulent, and
where generally the parioite form 1s the malignant
tertinn associnted with an extremely high endemmc
mdex of nrtive (clnldren) malan

Two hundred ¢ ¢ of unne wre aadified with
some drops of sulphunc acid A spoonful of solid
pueric eid s then added  The solutionis allowed
to stand for an hour ind then filtered  The solu
tion should be quite clear 1nd should give with
1 s1turated solution of pacric aad no turbidiey  1f
there 1 difficulty mn getting a clenr filtrate add 4
trace of egg 1lbumen ind filteragun The half dry
residue 15 then digested 1n an Lrlenmeyer flash
with fifty cc of 30 per cent sodn solution for
hif 1o hour on the water bath  Now add
sinty cc chloroform  shake for two hours m a
shaling 1pp tratus  The solution of chloroform
15 now removed by means of 1 separating funnel
and collected 1n + weighed fissk  The flask
should have 1 long nech to prevent spurting
Evaporite in a waterbath wd dry at 1.0°C The
residue 15 qumne  The experimental error 1
only one to two per cent

bl Z kfyf H B4 H 3 460



Drrreaination of Tae Prriobicimy o
Pirasite DrveropMent

The 1nspection of 1 temperature chart 1s not in
itself sufficient to deterrmne the cycle of develop
ment of 1 parsite Thus 1s 15 well hnown
quotidiin temperature chart mty be produced by
1 double tertian (simple) or by 1 taple quartin
mfection  If then 1n the cse of the double
tertian we mide mucroscopieal evimunations At
defimte intersals for forty eight hours, we should
find n the blood 1t 2oy particular time parisites
tn two phases of development corresponding to
ewch cycle  The accompanying chart shews how
i the ¢ase of what proved to be the malignant
tertinn parsite we were able to establish the
v leof deselopment W e proceeded to mhe blood
examinations at frequent intersals (four hour)
We found that at any parhcular time prsites
of varous sizes might be found but by counting
sever1l Lundred parisites 1n etch film and estt
mating their size with 1 mcrometer we found
that 1ty particular time there was 2 prepon
dcrance of parsites of one size Thus at ten
pm on the .nd there are numerous smll forms
1¢ liout ene seventh to one exghth of 2 rud cell
m dimcter and 1t 1 not till ten pm (thout) on
the 4th that the vame condition of blood 1s found
agun  cordingly the parsite hnd 2 develop
mentnl Gvede of forty aght hours (approvimately)
And furtier we determined the peniods tiken to
develop from «mall forms to [rgest forms mn the
peripher 1l blaod {(2bout erghteen hours) and the
distpperrnce of these md the reapperince of
nume rous youngest parsites { wbout thirty hours)



-9

Ol (ST B Z S 12 T2 GG 81216 [T b1 (6218 K[z G il o
Lok {12] dntal ar]
B mu=
2
4 & 4 5
ir :
h
t T
H 3
¥ i
i b
i K
b i
i
i
1B . Iy
i SRE
T i 2
= t
T
b : :
Vet 1
* } e
A A i t
¥ T
Al ]
3
s ‘ S
7 =
i
# e I ER
i
T v \
i i
® SEsSEaEan: \
T H ¥
LayetOL L
2 P T I WY e 11238 W

Fig 65 Illustratrr m th d of determing th d v Dpment ol C\rl
of aPIms (b v vdthinthe | rproentth
e of th 1 avasites s 7 sigmifies the [ tva te1s
one seuenth the diameter of a red ell)



204

So that by determing n these three penods we
were ble to conclude that the parite was the
malignant tertin

In order then to determine the cycle of 1
parstte 1t 1s necessary —

1 To estimte the size and percentage of
prasites of each size at any particular time ¢ ¢
starting with the onset of the attack

2 To follow each group to 1ts period of
masimum development in the circulttion

3 To estimnte the time between this period
and the next appe iraince of young forms

To estim ate the tume betswveen the 1ppear
ance of 1n outburst of voung forms (No 1) and 1
second sumilar outburst (No 4}

The intery 2l between one and four should be
equAl to the sum of the interv s of penods two
1nd three It 1s more nccur ite to use 1 micrometer
sc ilefor mensurmg but the estim 1tion can be made
with considerible tccurtey without

If we are dealing with three generations of
pansites 18 1 trple quartan the prnaiple 1s
precssely the s une though 1t may requite creful
observition to separite the different groups
though 1n this particular cise the process 15 facilt
tated by the presence of segmenting and pre
segmenting bodies which are eisily counted
In order then to establish 1 parsite cycle repetted
observations at definite intervals are necesstry,
and alo the tempernture should be carefully
recorded every four hours or two hours 15 con
sidernble var ttions mny otherwise escape obser

vation
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SturLe TERTIAN

Exammed dunng the commencement of
apyrexin young parasites are found one fifth to
one minth the size of the red cell  The corpuscles
may be shghtlv Iarger than normal On the
foliowing, dty the puasites occupy one half to
two thirds of the corpuscle much pigmented but
not so activelv motile as the smaller ones The
red cells are much enlarged at the end of the
second d1y  presegmenting forms are found
Division 1nto four to six or more parts may take
place si\ hours before an itk but true fission
forms are only found two to three hours before 1n
attaich  These forms have sixteen to twenty
spores 5o that here igun the multiplication of 2
group of parisites may be shown microscopically
to coincide with 1 febnle attark  But 2s opposed
to quartan the ctuu number of fission forms in
the penipherl circulation 15 small  they are far
more numerous 1n the spleen

DousLr TEeRTIAN

The 1nterv 1l between the development of the
two groups of pirasites 15 about twenty four
hours  So thatif 1 blood examination be made
Just before an attak fission forms will be found
~nd pysites 1hout half grown  Here a1gun by
following out the development periodically these
kxtter forms will be found to sporulate on the next

1y
Quartan ParasiTe

If the blood be examined s soon 1s 1pvrenia
setsan, the corpuscles will contun young parasites
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one hfth to one sinth 1s lirge as the red cells
growth 1s progressne dunng the ipvrean, and
sin to ten hours before the next attwd *preseg
menting forms will be found  “The pirsite now
fills the cell wiich 1s not enfrged  1he pigment
15 arranged 1n rnidinting bands  The next stage
15 the concentrition of the pigment w1 centrl
mass and 1t s seen 1n fresh or stuned spectmens
that the cytoplasm 1s dinided imto exght to ten
segments or oval bodres (dusy form) — Tius seg
mentition 15 newurly coinadent with the net
attad, but parasites 10 complete fission may be
found five to six hours carlier  As the tempern
ture nises these sporulting forms diappe e ind
agun young forms are found in the red cells  The
quartan then goes through ll ats stages in the
penpher il arculition

Douste QuarTin
Two groups of parastes going through the
above regular ¢vale with ibout 1 dwv s mterval
ms be followed m the blood

Truie QuuTtias

There e three dstinct groups sporulb ting
on successive dys

Miueawnt Lirris (Troticar)

Durning the pyvrentn smafl forms ont erphith
fone ffth] of the red cell mu be found, fhes
pursist during the pyrexia te for the gre iter part
of 1d1y  lhe pirsites at this stage may be oy
triordintnly few
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During, the 2pyrexit forms one fourth to one
tlurd of - red cell nre found 1nd the parasites are
found 1 greitest numbers Trssion 1nd preseg
menting forms e extremely rre 1n the tropics
Dunag the nest ttul thevoung forms we ngun
found and so the tine of the «ycle 1s we have
shown nbove m1y be deduced and mv be ton
trolled by obsersytion of intermeds ite st iges

QLoTIDIAN

Parasites hive been descnibed wluch com
plete their development m twentv four lours
{tbout) Thus 1t the pyvrextt voung forms occur
During the ipveetic intery 1l Lirge formy ind pre
se,menting forms md A, un at the next it
voung forms thusdevelopin., i twenty four hours
Aswc hvestated wbove toest iblishaccur itels thus
cycde three periods would hive to be traced —

No 1 (?Twelve hours) from voung forms

to L, est torms

No . (? Iwehe hours) from lirgest forins

to young forms

No 3 Twenty four hours from voung forms

to young forms

While some consider that the quotidi in tem
pertture 1s due to the fact that the mahgnant
tertt in has 1 very vanable period of deselopment
viz twenty four to forty e ht hours nd 1n fact
all intermedinte tumes others (onsider that with
one generntion of parsites there 15 1 second
accumulation of soung forms insufficient quantity
to produce 1 quohidinn tacl

In quotidinn fever due to the malignant
tertinn pirsite the charwtenstic febrile attack
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with 1ts prelimunary pseudo wnsis 1s lost
attich instend of lsting 1bout 4 dry lasts =
hours only, 1s 1n the simple tcrtian, and inst
of 1 pseudo crisis there 15 1 true crisis, but
young parisites, 1s1in the mahignant tertian att-
are still coming into the arculation and tl
follows 1 rise which replaces the npyrctic dny
the ordnary malignaat tertian

According to MAURER, 1n the cwe of
quotthin chart produced by ome generation
malignant tevtian pavasites we hive the feb
attich produced by the division of the major
of the segmenting forms nd then a 1l to norr
occurs  when, however therr 15 71 suffia
rccumulition of young forms wnsing from
s ume genertion there 1s 1gun 1 nse giving |
quotidiin ¢hart As we huve seen, the you
formw of the milignnt tertitn parsite pers
duning the pyrestn I however by any me
they are destroyed or cense appenring tempornr
during the dn of pyrexin we should get 1 fall
normal ind then 15 soon s this Inlibiting ¢
wasremoved 1N 1asc gning tquotidian clr
produced by the mahigntnt tertinn parsite

IRRLGUI AR ['rMIER\TURFS

Besides the typicil mabgnant tertita tel
perature churt and the quotidian chart, yario
teregular temperitures may owur, due solely
the milignant tertiin parsite Such chars -
not at 2l uncommon 1n hirst attacks in the tropr
wd mv be followed by charts with regul
curves

The mabhignant tertt w parisite s 1 develo
Ty et a bty acerhit Wotire el 11 oot
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more b efy thnt these irregulnr chinrts wre produced
by aregulr srruption of sounig forms nto the
arcutttion thn that the pirsie ks @ vinnble
time of deselopment ¥ we suppose that youn,
fission forms eust 10 the internal organs but do
not commence therr growth i the arculiting red
culls but come nto the crrculrion wregularly
then we should hne stll s constant hime of de
vddopment but w mconstint tme t whh the
dervelopment started I however t guonidim
puiaite essts Urre should be no difficulty
we have stited tbove m detetmnming the {wt by
< senes of mie wutcments et hxed 1nters s

Yurion oF Quinne

The datt of differcat mvestig itors tato the
thsorpion ind_ddmnnon of quiune exhisbit
considerable diflerences dependent upon the il
ferent condibons of expesiment wd the mode of
estumtion emploved  The follovan, stitements
miust therefure be received with « wtion —~
1 deeordaag to WEr g the ehimmation /f —
Quimne hvirochiorte begsns m ffteen munutes
“nd ends m forty eig bt houss

Sulphate (neutral) begins 1n thists monputes nd
ends in forty ey ht hours

Sulphate (b} begins 1 forty five minutes ind
ends m ity houn

2 Made of \dmianstration -

Peiros qumne qppein wn the urine i thiets to
hfty minutes

Per rec tus quumine 1ppenies m the snne sn < bteen
to tventy mnutes
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Subcutneously quinine appenrs 1 the urine 1n
twelve to twenty minutes
Duvation of I immation—
According to Guorieo it sty one nd t half
to seven and three quarter hours
According to DietL it Ists forty erght hours
According to Bisso 1t Insts seventy two hours
According to Prrsonnt it Ists eight duvs
4 The Yeme of 1lnunation—
According to Tiau and Krewer after the fist siv
hours
According to Garoraro tter the first one td 1
half to four hours
According to Kiring after the fist three to
six hours
Hy podermic Inpectron —Garolao states
that the ehmmation 1s ripid nd that Lirger doses
can be wcumulated in the blood 1n 1 shorter ime
by tins method than by dosts given by the mouth
while RLoine states that the absorption by this
method 1~ stow  Krrm s figures will be given
below
6 \mount of Qummne Llimmated—
W11 ITSCHOW SRI 100 per cent about

KEPNEP 95

Brasson 75 ,

Kryr 927 , (ude liter)
D1 rsoNNE 16 '

ALt rrL 13

Miriant duning hrstdy 18 7 peecent
second , 63

third 13 s
fourth o7 A

Total .7 per cent
—

’
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KLEINE § data as to the amount eltminated
n twenty four hours —
Per o> Admmstration—

1) 2534 per cent
(n) 1971
(mg 2729
) 967

[Mus low value No 3 1 expluned by the fact
that the quumne was given on 1 full stomach
wherets 1n the three other results the quimine had
been given to the patient fasting

Per Clysma— (1} 17 66 per cent

() 1715
() 17584
Subcutauenuslyfllﬁ 1137
(W) 970
(m) 1532

Now although proportionately 1 smaller
amount 15 excreted 1m this w1y (and this 1s pos
sibly 1n conformity with the chimcil experience
that nnging 1n the ers and other unpleasant
symptoms of quimne are genertlly absent after
subcutneous mnjection) yet 1t 1s probable that the
excretion 15 1 more prolonged one thin by the
other methods for deposits of quinine cn still be
found at the site of injection some weehs lter
and so the undoubted efficicy of this mode of
treament mny renlly be due to 1ts prolonged action
(nnd ehmination)

Mariant s results aiso shew that after an
mjection of quinine 1nto the muscles of a rabbit
about twenty four hours later half the amount
could still be extracted from the muscles KLENE
nd MarIaM s results shew that 4 full stomach
whibits markedly the absorption of quimine so
lso Ay catarrhal state 1 prejudicial
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two to three frequently, five to siv or possibly
twenty four hours

2 The wmount of quinine does not deter
mine whether the hemoglobinunin 15 shght or
severe

3 After haemoglobmnurit has been produced
by qumine 4 second admimstration docs not
necessrily produce 4 second attwch of hremo
globmuna

These facts clearly shew that it 1s not the
quinine per se but 1 condition of blood in the
prticular mafanal patient wlich s the determin
mg fictor whether quinme will produce 1n
attach

Thus 15 further borne out by the well hnown
fact that the aborigines rarely 1f ever, sufer from
hiemoglobinuna but 1t 15 m Europeans subjected
to unnatural chimatic conditions nd subjected to
virulent malana that the disense 1s most frequently
found

We would only add finally, that 1t s quite
illogical to abstun from quinine 1 malarn, on
the contrary 1its adegnate admimstration would
prevent the occurrence of these 1tticls

As we huve already sud, n accurnte study
of the urme in these cases nd 1n alled ¢ases of
malarin where qumne produces urobilimurin 1<
necessary

Cipecinlly important 15 the study of the
urine nd the blood in the prehiemoglobmunce
state It would of course mvolve an 1ccurite
study of Il possible subjects of the disense nd
more especinlly those who had alrendy had an
attich
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Post MopTEM CHangeS In Mararia
(MarHIAFAVA AND BIiaNani)

Bram —

1 Punctiform haemorrhiges of the men
mges

2 Punctiform hnemorrhages of the white
substance of the brain

The brain capriinnes may contun nearly

every red cell infected  Sporulating forms are
especinlly common

)
I
NS \“f/

< ' .
o - we
) .
e 5
é ™)
Iig 66  Shewiny deposate s f £ 1gm nt tn Luer (left)

Spleen (+1ght) and Spovulating Parasit
Braw Capella 3 ( tl m)

4 Thecamlitry endothelium m 1y show fatty
de enerition together with pigmentition wnd
sometimes parisites

5 Sumiar appearances e 16so found in the
vessel of the pin m iter

ungs —

1 Iarge pigmented mononucleirs m the
uiptinnes but especinlly mn the vemms  1n the
lungs espeanlly phigocytosts 1s proceedin,,

v
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2 There 15 1 ternunnl infection with the
diplocor cus pneumonie

Spleen — 1 he trabecul e of the pulp we dis
tended by infected red cells nd pigmented irge
mononuctears are abundint  lhe mapiglnn
follicles on the contriry arc non prgmented

Ly Lndothelium of capill iries 1o swollen
and pigmented Pigment s Usofoundinkuirie s
cells The liver cells cont un only hiemosidenn
not meltmn  Pigment rtion 1s most intense. wround
the central veins

Adneys —Prgment ition rs much less mrhed
Changes may oceur 1n the epatheliam of the tubules
ndependent of the presence of parsites

Bone Marrow —DParasites ind meluaun  frec,
wd n lnrge mononuclenr, leucocy tes and m wro
phages are found  Crescents may b found here
when ibsent or scanty elsewhere as m the splun
and brun it s consequently supposed that they
prmaip il develop here

In cases of mal i of long standing the yellow
m urow becomes red

Stomach and  Intestnes —In malun with
choleratc or hwmorrhagie symptoms  parisies
may ibound m the ¢ ipillnes of the vith

Curonic MaLarry

Spleen —\s 15 well known the splun muw
in these cases fill the whole abdomen  Diltn
tion of the varnous lwunae occurs with o
thichening of the splemc retiwulum  The pigment
tends to bucome deposited eventually an the
connective tissue surrounding the folliles  [he
splemic sept1 become thichened
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Liwwvr—The pigment 15 found mainly n
the periphary of the lobules <nd pigment
the form of blocks in the pernvascular con
nective tissue

The capilliries are much dilated and the
epithelium contains blochs of pigment  Atrophy
of the liver cells and their nucle: occurs

Bone Mayrowe —The marrow of the long
bones 1s wsunlly red due to a lirge develop
ment of haematoblastic tissue  Normoblasts are
common

Pigment disappears rapdly from the bone
marrow

LITTRATURE

Marcluafay v and Bignami  Twent: th Century Practice
of Medseine Malana Vol NIX S ©w Mar ton ind Co
This comprehensive and learned treitise 15 10 mparably the
best i the Loglish langung  dealing with all aspects of
malana and 1l o blackwater feser



Chapta \A1
BLACKWAIIR T'LALR

Microscopical mvestizntions n this discase
are frequently negative 1 reguds maant pus
sttes but 1t 1s 1l 1mportnnt when the examuint
tion 15 made, 7s the following wnlysts of over onc
hundred cses nimcroscoprc illy exunmined shows —

Parsites re present the dny before the attack
1 mnety five per cent of cses

Parawites are present the d1y of the itk n
seventy per cent of ¢ wes

Parasites re present the dny after the attwh
n twentv per cent of cases

In 1 series of c1ses exumned by oursches
Britislt Central Mrict we found malarts parsites
only 1 125 per cent but a5 we hwe alrewdy
shown we htve two further tests for 1 mdaml
infechon —

(1) The increase 1n the percentage of lurge

mononuclenr leucocy tes
(2) lhe presence of pigmented Iarge mono

nuclear leucocy tes
By using these tests we were 1ble to prove that
93 7 per cent not 12 5 per cent of our csts were
due to 2 malanal nfection

1 urther o the only <1ve of blchw iter fever
seen by us before the onset of haemoglobimun
parasites weve presunt an bundince, fterwnrds
they rapidly disappetred
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Tor the detuls of the proof we must refer to
the onignnl papers where 1lso the crusativeaction
of quinine 1sdiscussed  That quumne 1s the factor
which 1n the lurge m yonty of cises determines
the onset of hnemoglabinur 1 appenrs to us equally
certain

FxamiNatioN oF THE Broop N BLacawarcr
I'rvEr

1 Note the difficulty in obtumng 2 full
sized drop of blood

2 Observe the tlin nnture of the blood
drop 1ts oily nature and the difficulty with
which 1t adheres to the shde These properties
are best seen 1 severe ca es

3 Collect a specamen 1n a fine pipette and
4llow the serum to sepirite  Observe whether
the serum v vellow (cholwemt) or reddish
(hnemoglobinuri1)  usmg the spectroscope f
necessry

To some of patients serum add normal
blood  Obserse whether there 1s 1nv h1emolysis
(using @ hremocy tometer 1f necessary)

5 Determime tomaty of patients blood
Rate of congulition appronimately by placmg
several drops on 1 glss shde

6 Count the red and white cells  The red
cells are as a rule quite normnl 1n shape

7 Determine the amount of haemoglobin

8 Male films everv two hours it possible
(as early as pr»sible) noting accurately the time
wd temperature 1t which the films ire made

LCxamune films for parsites 1f these are
Wb ent search carefulls .everal lurge films for



310

ptgmented leucocytes, s these, 1s 1lso in ordmnry
malnni, m1y require long serch

10 Make careful differentinl counts of the
leucocytes, especially when the temperature 15
falling, as 1t 15 then that the mononuclear incrense
15 most marked  When the temperature 1s rused
{eg, 103 to 105) the polynuclerrs mny rench
nmnety per cent

11 Observe presence of normoblasts meg o
blasts various 1bnormal stuning reactions, eg,
polchromatophilia of the red cell, especrally dur
g recovery

12 Make careful blood counts immedintely
before and after admunistering quimine when
no hnemoglobinun~ results  According to Panse*
there may result a blood destruction due to the
qumne which does not shew itself as hiemoglo
binurin

Caaviunatiov or THE URINE 1IN Bracawater
TEVFR

1 Before the attacl (of }ZDSS'MC) examine
for tlbumen, urobilin reducing bodies, ete
2 Lxamineso called high coloured urines
As 2 rule these do not shew bile pigment
Laamine unne during an attack for
methiemoglobin (or hnematin} oxyhiemoglobin,
urobihn bile prgment biirubin crystads, hae
globin cists  granular or hyalme cists Dblood
cells, etc
Centnfugalize the unne  Lxamne the
clenr layer (1s m 3), wnd make films of the
sediment

P Zadfif Hg o3
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The sediment may contun hythne and
granular casts stuned wath hiemoglobin - The
maw of the sediment howeier, consists of masses
of inemoglobin of 1 yellowish red colour

Post MorTEM BXAMINATION

1 Make smear preparitions of spleen
kidnev hiver bone mirrow bram etc  Lxanune
for parasites and pigmented leucocytes  Parasites
we genernlly absent but pigmented leucocytes
m1y occur 1n large number 1 the spleen  Iine
pigment 1 also found in the liver in endothelink
capiliey cells (11g 66)

2 Cut sections espectaliv of brun tissue s
puisites may be found herc ind nowhere else

UPOBILINt P1A

As we hwve mdicited elsewhere the occur
rence of urobilin m1y be \m 1mportant indication
m cases where 4 susceptibibty to  quinine
hiemoglobinurty exusts  thus in Murkrs case 2
girl had hremoglobinuny eight times between
August 3 1894 and Apnl 6 18g; following
upon the idmmistrition eight times of smAll
do es of qumne Trom 1895 to 1897 the girl
remuned well  On March 27 1897 she was
ginen o5 grimmes of quimine to see whether
her disposition to qumine poisomng still re
muned  The result was fever vomting of
bile, etc albuminurin  peptonuna and uro
bilinunn (not hiemoglobinuria)

A Preun 1n 1 recent paper pomnts out 4
pecuhinr propeity of the unne sometimes ob
serced in bladwater ¢ses On boilim, the
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urine and allowing to stwnd for some time, 1
bright purple colour appears

We have observed that blachwater unmnes
mnde alhrhine with potash, and then boiled
produce 1 purple colour, giving the bands of
haemocliromogen (reduced haematin), shewing
that the unne atself contuned reducing bodies

Whether PrLEnN s purple colour 1s the sime
we cannot sas

Tue Kipveys v BLACKWATER

A\ PLrav, m the stme paper, argues that
1 There 1s not usually nephritis 1n blach
wter (although this may exist 1s 1 complication)
2 Oedema 15 “bsent
Cylinders are seldom present i the
urine, red cell and leucocytes 1n uncomplicated
cases are tso absent
Amorphous black red pigment onls
in severest cases  What Prcav means by this
1s not clear  The remans of haemoglobinurous
strom1ttr seen 1n severe cases, 1re stuned 1
deep yellow
5~ Bile pigment 1s rare, if present there
15 generally true nephnitis
6 According to Prenw, there 1s little
alteration of the tubular epithehum, 1n our
expertente however this may be 1intense
Sometimes msignficant sclerosis nd
small cell infiltrition (but this depends on
maltna)
8 'In blchwater there 15 4 functional
disturbance of the kidneys (cp pironysml
haemoglobinun)
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During anunn no symptoms of rennl

colic as there would be 1if there were 2 bloching
10 Absence of All urmemic symptoms
proves that cessation of function of hidnevs
does not necessanly lead to urieme svmptoms

TITTRATURT

hocn  Zeschnift for Hygrene (Bd \\\ 1%9 p 03)

Steinens wnd CurisTorsizrs [ eports to the Malarial
Committee of the Poval Soctety Harrl on \ Son [ ondon

L assg * Zeits hnft fiy Heguene (1903 s

Tuentieth Century’ Dictrapars of Medstmne  alarta
‘The fullest and best account m the I'nghh linguage
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urine 1nd Allowing to stand for some time, 1
bright purple colour appears

We have observed that blacl water unines
mde alhnalime with potash, and then boiled
produce ~ purple colour, giving the bands of
hnemochromogen (reduced haematin) shewing
that the unme itself contuned reducing bodies

Whether PLENN s purple colour 1s the same
we cnnot s1y

Tue Kipweys IN BLACKRWATEP

A PLLun, m the sume paper, 1rgues that

1 There 1s not usually nephntis i blwh
water (1lthough this m1y exist 1s 1 complication)

2 Oedemn 15 2bsent

Cylinders are seldom present in the

urine, red cell and leucocvtes m uncomplicated
cases are also 1bsent

t \morphous ‘black red pigment onlv
1n severest cases  What Prrun menns by ths
15 not clenr  The remuns of hiemoglobinurous
stromatr seen 1n severe cises, Are stunmed 1
deep yellow

5 Bile pigment 1s rare, if present there
15 generally true nephritrs

6 According to Prrmw, there s lttle
alteration of the tubulir epithehum, i our
expenience however this may be 1intense

Sometimes 1nsignificant  sclerosts  nd

small cell infltraition (but ths depends on
malant)
In blackwater there 15 1 functional
disturbance of the kidneys (¢ paronysml
hnemoglobimurin}
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9 Durnng anuna no symptoms of renal
colic as there would be 1if there were 4 blocking
10 Absence of all uriemic svmptoms
proves that cessation of function of hidneys
does not necessanily lead to uraemic symptoms

LITLRATURE

Kotu  Zestschrift fir Hygiene (B4 \\\ 1899 p 95}

Stepnens and (nrisTorHERS  Feports to the Malwial
Commuttee of the Foval Sccretv Hamson  Son Ioendon

Puse ~ Zetschrift fur Hygiene (1503 s 1)

Tuentieth Century Dictionary of Meds me  Vlalavia
The fullest and best account in the Fn,h h language
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Chapter \\VI
THE HAEMOCY TOZOA~~Continued

The haemocytozon, or endoglobular hiem
t1701 are divided by LAvERAN into three genert

1 Genus Haemamocba
2 Genus Proplasma
3 Genus Haemogregarina

The genus haemamoeba includes the malrn
parisites with which we have alreads fully dealt
We now proceed to the other members of the genus,
and then to the other two genern which go to
ml e up the endoglobulir hremntazon

Gryus Hacwmasorpa

1 H Relicta (Proteosoma Grassi)—Dis
covered by Grasst in the blood of birds 1 Italy
In certun regions sparrows and goldfinches are
commonly infected  Sprrows are frequently m
fected in Indin  In Africt numerous sml birds
were examined by us, but proteosomt was nover
found (only halterrdium) 1 rnsmission from one
bird to another by inoculation 1s readily effected
Canirtes are extremely susceptible — Pigeons
among other birds are immune  Burds thathue
recovered from an mfection have acquired 2 well
marhed immumty agunst 1subsequent inoculation
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The parasite 15 closely nilied to the malana par
site and 15 especinlly suitble for the study of the
exogenous mosquito cycle

Endogenous Cycle {T1g 67)—1he parsite m
its earhiest stagesunpigmented  Comcident with
growth 4 grain or two of pigment appews and
the charactenistic property of the parisite shows
1self viz the displacement of the nucleus of the
red cell so that the nucleus may t1ke up 1 position
At night angles ind away from the normnl one
All stages of dsvelopment up to segmenting forms
are found 1n the blood at the same time so that
no cycle of development can here be followed
nor 15 there amy internusston 1o the chmeal
svmptoms (temperature etc ) of infected birds

& &
D E®

o) )

[t
Tig 67 {Upp » Line) Proteroma shevmg medmm size Parasite
and Segnenting Form (Lot er line) Halteridmum youns
form Femal and Male Gametes and ¥ ermucule

Frogenous Cycle —Besides the 1sexunl se<unt
forms occur mn ‘the blood They are sphencal
hyline bodies of two vareties characterized n
stuned specimens by the same general differences
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wiich distinguish the male and femnle gametes
of the malna parsite

(1) The male cell possesses 1 mass of compact
chromntin ind funtly stuning protoplism

(11) The femnle cell possesses but httle chro
matin but stuins deep blue (Rovianowsky)

Tlagcllation —(1) This can be observed i 1
simple wet film preparation and 1 hanging drop
prepirtions (p 30), or

() Use 1rtificial serum (bird s serum, one
part  salt solution, 0 6 per cent , mne parts) nd
to this add n trace of bird s blood  Male 1 senes
of hanging drops in moist chambers  Dry #in and
stun from time to time nccording to stige of
development, obseryved microscopic illy

Turther stages of development (vermiculy
have not been obsersed on the shide

Development of 1ermiculi —(1)  Deternune
wht species of Culer 15 the switible one for the
process of development C memorosus wns weed
by hocn m Itily  C fatigans 1s 2lso 1 carner

(1) Collect the Culev that hwe fed on
sparrows, etc  roosting tt might an trees  The
Culev can be caught 1n lnrge numbers 1 shded
druns under bridges 1n outhouses, etc  1nd ey
cellent materinl 1s 1n thisway easilygot  Identify
the species of Culey that 1 infected

(in) Tor the method of feeding mosquitocs
on birds blood ide p 101

Twelve to fifteen hours —Vermiculi 1 1ll
stages of development are found 1n the stomnch
4 conil projection 1nses from the fertilved
gamete Tl gradually elongatee formmng long,
curved, oval body the complete vermiculus  The
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protoplism 1 vacuolited wnd a nuclew  (chro
m in)1s reacily shown by st uning (Rosrawowst v)

The protensomn vernuculy are lar er tnd more
slender than those of hlteridium

Developmient of Zysotes {one to two duvs) —
The vernuculi hivve disappeared butin the tomnch
w Ul 4re now found transparent sphencil pig
mented bodies

Three to four dwvs—The s gotes hve 1n
crewwed tn wize nd sporoblasts appenr n their
interior In the larger forms wgns of further
dinasion Are sen (strration) formation of sporo
01t

Durelopment of Sporvzorts (mine to ten days) —
By this time the sporozoits have renched the
sinary Jands  Somewhit earhier they can stll
be found umidst the thorwie mustle  Earher
sl they cn be prossed out of the ripe oocysts
m the stomach wil  The sporosoits occupy
chuefly the muiddle lobe of the glind (hocu)

Blact Spoves e found n the Inrger 7y gotes
Tiey uso occur free 1 the thorwae region (or
possibly i the glind <ubstumwe)  Thev e
browmsh blul «<urted siusi,e shaped bodies
suggesti, a myeelind nature [t s believed by
GrRasst that they are degenerited sporozots, s
they are found witlin the large sporablist <ysts
Wehmve however tound them s or bout the
sl ry glands o My<omvia Rossn

2 H Damlewsky: (Hdtendium) —Oceurs
most exclu nvely 1 the blood of  passennc
birds  Pigeuns are very commonly 1infected ivo
spurows hinches  paddy birds etc

The parwite 1 charwtenzed by its pocuhiar
curied halter shipe embricing the oval nucleus
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of the red cell without any displicement of the
Itter (T1g 67)  Young forms are occrsionnlh
seen butwhether these tre young sexunl or tsexual
forms 1s not determuned  Segmenting forms and
those corresponding to an sevual cycle, 1s i
proteosom i, are unknown

Two vaneties of parasites, the male wnd
female gimetes, tre esily distinguished

(1} Note that the mile gamete has 1 clewr
hyaline appearince  On stuning (RoMaNowsky}
a centril mass of chromatin 1s distinguished
winle the protoplism 15 2 funt blue I'nveor
more oval pigment gruns are placed generally
it either extremity

(n) In fresh specimens the femnle ghmete 15
finely granular wnd the pigment 1s frequently
scattered throughout  On stumng 2 small
amount of chrom ttin 15 shewn wlule the proto
plrsm tal es on 1 deep blue colour

Tlagellation —Select 1n mfected bird that
shews numerous gametes 1n ench filld  Proceed
in the same wav 2s 1 proteosoma The gametes
first become spherical ind then escape from the
red cell  The pigment of the male gumete dis
Fl’l)b violent movement nd m 2 few minutes
our to eight llgelln are extended  The motion
of these 15 1t fint <o rapid that they cannot be
distingwished but the corpuscles 1n” the neigh
bourhood ¢ seen moving  In 2 few munutes ont
or more breths off nd il fortunately, 2 femnle
g umete 15 1 the sime field the loose flgellum
(mikrog umete) can be seen entering the female
The piyment of the Jatter shews nctive movements
at tlus st ige
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Vermiculi —1he formation can readily be
observed on the slide  \ comcil projection
forms at one point of the fertilized gamete (copuln)
Tins elongates slowly and gets curved forming
an egg shiped or spmndle shaped mass  The
conial  portion eventunlly separates leaving
belnnd the rem-uns of the cell with the pigment
T1he vermmiculus 1 thus 4t first unpigmented but
later ngaun 1t 1s pigmented (BOCIS In the fresh
spectmen the protoplasm appears vcuolated ind
hns a nucleus which 1s readily stuned by Roaran
owshy stun

Note that the vermiculus (or ookinet) shews
forwnrd rotitory and peristiltic motions  The
further deselopment of the vermiculiis completely
unl nown

Post mortems — Pigment 1s found m  the
11dney intestine bone marrow hiver and especrally
the spleen  The brun on the contriry 15 Amost
entirely free from it

It 1v prob ible that the haltenidin of ll birds
are not of the sume spcaes  Inoculition from
one bird to inother 15 extremely difficult 1f not
1mpossible  This may be due to the fact that the
parasites 1 the blood are in all sexunl forms
In monkey~ we appear to hive a parallel condition
vz gametes only 1n the blood the exunl forms
being unknown

H Roch: —Lhese hiemamoebne occur in
monkeys  The forms usunlly met with are
sexnnd forms  Asexuil forms resembling young
malint parasites are very rare  Ilagellation
can be seen 1 fresh specamens The parasites
m the fresh film nre sphencal pale bodies
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of the red «ell without anyv displacement of the
latter (Lig 67)  Young forms are occrsionlh
seen butwhether these re young sexunl or wsennl
forms 1s not determined  Segmenting forms and
thase corresponding to an wsexunl cyile, s m
protcosom e unhnown

Lwo vineties of parasites the male and
fomale gametes e easily distinguished

(1) Note that the male gamete has 1 clew
hyaline pperance  On stuning (RoMANOWSk)
1 centrd mass of chromatin 15 distinguished,
while the protoplwm 15 1 funt blue Ineor
more ovnl pigment gruns are plced genernlhy
1t exther extiermity

(1) In fresh specimens the femnle gamete 1
fineh rinular and the pigment 1s frequenth
scittered throughout  On stumng 2 small
amount of chrom tin 15 shewn while the prote
plism tikes on 1 deep blue colour

Tlagdllation —Select an infected bied that
shews numerous 2umetes i exch field Proceed
in the sime wAy 1 m proteosomn  [he gametes
first become spherical ind then escape from the
red cll  The pigment of the male ghmete dio
})h)s violent movement nd n 2 few mnutes
our to eight lgella are extended  The motion
of these 15 1t first ~o rapid that they cnnot be
distingurshed  but the corpuscles n the neigh
bouthood e seen moving  In 1 few minutes on¢
or more breals off and 1f fortunately, 2 femle
gamete 15 1w the same field, the loos flagellum
(mthrogimete) <an be seen entering the femrle
The pigment of the latter shews ¢ tive movements
at tlus stage
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Vermienls —The formation cn readilv be
observed on the shde A comicnl projection
forms 1t one point of the fertilized gamete (copul)
Thus elongates slowly and gets curved forming
in egg shiped or spindle shiped mass  The
conical portion  eventually separites leving
belnnd the rem uns of the cell with the pgment
The vermiculus 15 thus 1t first unpigmented but
jater agun 1t 15 pigmented (Kocn) — In the fresh
specrmen the protoplism 1ppenrs v wuolated and
has 1 nucleus which 15 rendily stuned by Rovan
OWSKY stun

Note that the vermiculus (or oohinet) shews
forwrd rotatory and penstatic motions  The
further development of the vermicult :s completely
unknown

Post mortem — Pigment 15 found 1 the
hidney intestine bone m urow Iner 1nd espeinlly
the spleen  The brun on the contrary 1s lmost
entirely free from 1t

It 1 probable thnt the halteridia of Al birds
are not of the wime species  Inoculation from
one bird to 1nother 15 extremely dificult 1f not
mpossible  This may be due to the [t that the
parsites m the blood are mn all sexual forms
Inmonkeys we nppenr to have a parallel condition
viz gametes only 1n the blood the asexual forms
being unknown

H Roch; —These haemumnoebre occur in
monkevs Ihe forms usuiliv met with e
sexun] forms  \sesunl forms resembling young
mlann pirasites are very rare I lagellition
cn be seen in fresh specimens ‘The parimtes
m the fresh film are wphericd pale bodies
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of tht red i wathout ny displicement of th
biter {11z b7)  Young fosms arc oct wsiomifh
won butwhe ther thee e youag sesutt or sevnl
forms 1 not detcrmmed Stgmenting Torms and
thaw corrospondimg to m asespal csde, wow
protersomy e unhnpown

Two vuties of parwates, the male and
fomde gumetes e enstly distingumshed

1) Note that the male gumete hs 2 clewr
Iy thtne appe ruwe On stumng (Rovanos i)
voeatrd moes of chromatin s dmtmguuhed
while the protoplism s 2 funt blue Ineat
morc ov 1l prgmint gruns are phced genertth
@ rther extronuty

(1) I frosh specrmens the fomale gimete
fauh proulie nd the pigment s frequenth
wiltercd throughont  On stunng 1 smol
wn st of Chrony e s shesn winle the proto
plism t dhes on 1 deep bive colour

{lagddiaton Sthect an o nferted ud it
shews numcrous gane s ewch field Procecd
i the e w 0 s proteosont @ The ghmetes
fest Decoue splarec @ ind then escape from the
red cdl The pimsent of the male gunete s
}\l i3~ okt mosement nd m v few muoute
our bt ey we extended  The motiod
of these st fisst ~o rynd theat the cunot
distinguisted but the corpuscles i the neighs
bourhood ue seen moving I fon muautes ot
or more bre b of wmd f fortunatedy u fumale
ot s the sume fidd the loast Mgedlum
{ouhro, ety oo be swen entenng the fomnle
The prgmontof the It shews actice movenents
At this ot age
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{ermaculi —1he formation can rendily he
obsened on the shde A comenl projection
forms 1t one point of the fertihzed gamete (topuln}
{lny elongrtes slowly and gets curved forming
wm e g shaped or spindle shaped mas  The
omeal portion esventudly sepuites lewmg
belund the remuns of the cell wath the pigment
The vernmmiculus s thus 4 st unpigmented buat
Iter wgun ot s prgmented {(Rocn) — In the fresh
specimen the protopl sm appe s vruolwed wnd
has 1 nucens whec s e wdiby stuned by Rovian
ovsay stun

Note thit the venmiculus {or oohinet) shews
forwasd rotatony  and persstalty motions The
futther dervelopment of the seemc vl s completels
unhnown

Post mustem Prioment w» fouad m the
Lidney intestine bone marrow hver indespeciilhs
the spleen  The brun on the contrany w dmaost
entirely free from it

1t 1 probable thit the hadtendi of (i byrds
wre fot of the s speaes Inocul won from
one bird to another i~ extremely duffudt f not
wpowble  This my be due to the [t that the
rwites an the blood sre an sl sexo il forms
1 monhets we 1ppe i to hve a pr ddlel condion
112 gametes ondy mn the blood e wevual forne
bewng unbanon 1

3 H Aochi Thewe humnmoeh e otturan
monkeys the forms wsuddlhy o met with axe
soapal forms Asesudd forms resembling, voung
mlgy parisstes 2w sery rwe Flo,ellwon
¢ be seen n fresh speamens  The pariites
mothe fresh fIm e sphencd pale bodics
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contumng browmsh vellow pigment  On stun
g two types cn be distingwished  The male
(mkrogametocy te), pale homogeneous blue with
much chromtin  the femnle, deep blue, granular,
with hittle chromatin

No temperiture changes occur m the n
fected nmmnls  The nfection 1s not transmissible
by moculition {¢p hlteridium)

Post mortun —The spleen 15 pigmented the
capsule thickened  Pigment also occurs 1n the
mAarrow

ParasiTLs v Bats

Dionist has descnbed i bats  parisites
which have 1 genertl resemblance to malanal
pasites  but almost certunly hwe no real
relttion thereto  He distinguishes the following

O O &
i

Fig ¢5 (1) H Murmus (ol ne) meduwm size (b 1ne) fre frm
C) H M lanspherus tabo¢) mediun < e (elne) ldrge Oved
Jorm (3) H L esperugims (abme) srreqular frm
(below) Riny, form  {After DioNist)

H Melampherus (pohchromoplilus mel
umpherus) —This occurs an the blood of Al
opterus Schyeiberss, md s so called on 1ccount of

Rosu Zakhf [ kg B A
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s  tarmng reactions with Rosanowswy, nnd
becruse 1t 1 pigmented It somewhnt resembles
the quartan parnsite ([ig 68)

H Murinus(polychromophilu munnus) —
Tound 1in the blood of 1espertilio muvinus It
15 1so pigmented It shews hike the former
vanety ot polvchrome effects with Roman
owsky In this 1 1n the former Dionist
figures 1 great vanety of forms (Ig 69)

6 H esperugous (awchromatius  vesper
ugins) —In the blood of Vesperugo noctula  The
voung forms resemble those of the mahgnant
terian parsite (Fig 68) It occurs m large
numbers 1n the blood but forms no pigment
duning its development It produces considernble
'ml‘lnemlq and dejeneritive c(hanges m the red
cel

How bate are infected 15 quite unlnown

The punsite  find  differs according to
whether the nmimal 15 Inbermiting or not

7 [H bmrs]—Parsites wm the blood of
cattle de cnbed by kotie m South \fric o
They have 1 general resemblinue to malann
parnaites but are guite distinet from Prroplasma
Uotis  They prodwce remnttent fever ind severe
anvenn, but not haemoaglobinuriy - korLr also
de cribes pigment 1 red cells (sndependently
of pirsites) but what this mewns 1s not clear

8 H Metchntbont —Tound m the blood of
Trionys Indica or Clutra Indica ~ liurge {resh
wter tortorse 1n many Indian nvers  All wduit
specimiens of this tortowse from the Jumnn were
1nfected

N Z 1F) He 858
w
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The parsite resembles H Damlewsbat (hil
teridem)} tn that two forms re ¢ salv dis
tinguished 1n the blood— (1) v hyaline form with
Inrge mgment gruns stuming very shghthy with
methylene blue (2) 1 granulir form with fine
pigment stuning deeply with methylene blue
These forms correspond to the male wmd fumale
gametes respectiveds  Inone of Smiovn s figures
1t 1s anteresting to obserte 1 male and femnle
gamete in the same red cell, which <o [ir 15 we
I'now, has never been observed m the ¢ e of
H Damleskyt Dut besides these prigmentcd
forms there are ~l-o found unpigmented forms,

2y

¢
"

T, 6 H Metchnihowr Camel s ana §V ornuende

which Inve the typeal greganme ook tht s to
sy cunved, worm hil e bodres  Theexact rel ition

ship of the hremogregarne to the haem webae forms
15 not understood  Sivovp however pomts out
that haltenidium has 2 vernicule stage and there
1 the possibility of the relationship bemng siular
m this ¢ we (Ig 6g)

Graus HAMOGPEGA INA

The haemogregarmes are unpigmentcd um
«dlulr orgamsms, which, 1 onc staige of ther
development have 1 worm Iihe form  Thev accur
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<5 endoglobul ir parsites wd also 1 {xee forms
am the plismn he vermicule stage may be both
endo,lobul ir nd free  Ihe sexul wnd asevual
cvles oocur 1s far 1s1s hnown i the sme host
" hey occur in fish amplubiins and rephiles but
not in mnmmals nd unithe the greg wnnes not
wanvertebratis They av so I 2w s hnown
non pathog nic 1nd they cannot be transmitted
by woculition from one wumal to wother  The
wiele of development ww far wits hnows will be
described under the v arous species

Ot

Fig ;o H Lanwere (v D epimd wm B rav 0y wng
form Gamet 5 fvec im the Elasma nd Tisst n 1 5115
m Splem  (Partly after M in}

1 H Ranwum {~ Lankostevella hanaryin}
Tound 1 the blood of Runa [sculenta (edible
fro,} Is wpeaes mcdudes  wcordng  to
Lavepsn twospiaes H prmeeps wd H omominy
described by T appe Here as in uvther species of
hemogreg wines  the seaual and sesod (vides
oceur in the sume mmal The ovde of develop
ment 15 15 follons ~

(1) Sexualy Form or Scarzonts —These e
endoglobulir four to aipht # mlength Increns
msee takes plue wd eventunlly they become
spherical tnd divide wto @ number of segments
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{schizonts)  According to <ome observess weg
mentmg forms 1re only found i the spleen

(1) Scxual Torms—lree m the plsmy
twelie to fifteenu long  These are male d
female 1nd are charcterized by the s ime genernt
differences 15 other gametes  the male mihrog ime-
tucyte 1s slender ind finely cinudr the fem e
m throgametocvte 1s fat md conrsely granular

() Y nuhkrogimete n the form of 1 amll
mass of chromatm sepirites off ind fertihzes
the (now) mihrogmete

(v} A vgote results winchis at fiest motile
This becomes encysted s the

(v) Oocvst which s found i the eprthelial
cclls of the mtestine s passes out cventunlly
n the faeces of the frog  Sporoblasts e formed
asan the malanal avdle and from these resuit

(v1)  Sporozorts — I hese would g un nweess to
q fresh frog which hnd swalloned 1w ococvst
Hrt 1/ hisshewn that frogs confined w pools e
espect iy Inable to inf ction

1

)

Fig 51 H Splondens — Ldalt | vm weuth
Refractile Cr mules

_ H Splendcns (= Dactrlo oma Splendcns)
_I ound n the blood of R esculenta
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The following forms we figured by I wBBC
Fig 1) —
(e (17 ) Amoebord forms

(ug Torms resembln, 1n shape - finger
love

(m) Segmenting forms 15 m Haemamoba
Relicta (Proteosomn)

The protoplsm contuns no pigment but
refrctile granules

This differs from the tspical development of
hnemogregnnes and 1t 15 probable that ats pow
tion requires revision  Acording to Hintzr a1t s
avanets of H Ranarum

H Magna—Dexrnbed by Grasst ind
Tricrriin B esculenta  MiveniN thinls it moy
be the mahrog uncte of H Lanarum or H montlzs

Riedvi —Occurs i v Cahiforman
Salnmnnder Batracheseps attenuatus

H Stepano i —It 15 found n the tortoise
Castudn Luropact This man be tal en as the type
hnemogreginine It presents the {ollowing forms
(g 72) —

() Remform parsites ten to fourteen x
long ~ Curted and tlurlened 1t ewh end
grwular  non pi,.mented  Intermediate forms
occur between this nd the next deselopmental
stige

(n) Vermule forms also ¢ndoglobulr
but after exvmining 2 fresh sperimen of blood
for some time free forms are seen thirty to
forty u long 1nd three to four # brond  These
are actinely motile and constrictions can be
seen travelling down their length dunn, the
motion  Young forms and reproductive forms
are not seen n the arculttion  These e
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found 1 the lner  The reproductine forms are
1t first endoglobulae but later free Thes occur
15

(u) Osord forms, ten o sinteen g long
by four to siv # broad, shewing as many s
six nucler (chromatin misees)  The protoplism
finaily segments 1nd there 15 formed

(1v)  An ctively amoebord voung form

The spores that ace found i the hidnevs
of tortows=s belong according to It rrv not
to th~ hrumogreginne 2t 2l but are thowe of
v Uyvosporsdsum (M Damlewoskys)

{@.

tig 7 H Stepanows Frdoglbular and free V ermuules
H 1acestarum shewng disintegratim of \ucleus of
Bud Cell H laca et H Tacertarum Cyst
with Vakrmerozaits

6 H Lacertaruns ( =Raryolysus I acertarum)
(Mg 72)~lound 1 the blood of Iaccrta
aclis L muralis and I ecellata

The puasite his 1 more compact form
than some of the other haemogreginnes  The
enert 0 mrked action on the red celle winch
bDecome much enlwrged and annemic, and s
the ntme of the speaies imphes 1 disintegriting
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action on the nucleus 15 one of 1ts eflects The
nucleus 15 ether pressed to the side or broken
up wto frigments

The parsite 10 1ts endoglobular stage
becomes encysted wnd 15 then called 2 eytocyst
Turther 1t appears s af 2t this stage scaual
differences ppered for some of these cysts
divide up 1nto about 1 dozen macromero.orts
{Ing 7-) while others divide up nto twice
s many or more micromevo.orts  Corresponding
to these we have free forms 1n the liver twelve
by three x ind eight by two p respectively

NN D
A

@

Tig 73 (1) H Mesndds sh t ing chavactersstz 1 pei | evmr ule
CVH Lat rum_hewtny, havact vistich & 11 cm uleund
t1eo braght Go 1nules (3tter Stvonn) 3 H trg umt
i B A f Rlnme (1t r Moy

Iacazer (= Haemocvto oon claatum)
In the blood of hzirds The vermicules hne 1
pecultnr shape (Fig 72)  Here also ¢yst forma
tion hns been described n the spleen by T anpr
H Mesmilt —In the blood of 1 torlone
Emys tectum (F1g 73)

Amocbord form< reniform and  vermicule
forms occur DBesides these free merozoits but
their orgain 15 obscure  The form of the
vurmueule 18 charictenstic 1t one stige of ts
dexelopment



328

H  Latramr —In the blood of Indinn
tortowes Cryptopus granosus  Sinular forms occur
to those of the Inst speaies  The vermicule 1s
characterized by 2 blunt hook Iihe appendage
wd the presence of two bright grinules

The parasite 15 endoglobular i llits stiges

10 H DBigemma —Discovered by I werin
in the blood of blennies A vermicule form occurs
free 1n the plwsma

The endoglobular parasite divides by sumple
bintry fisston  In fishes we also hwe H delager
n two species of riv and H stmonden the <ole

These must suffice to give an 1den of the
charactensties of these prnsites but they by no
menns exhaust the total for hnemosregannes hue
been described in thurty one spectes of snhes seven
lizards three crocodiles eleven tortoises ind turtles,
so that ample matenal for study eursts 1 the
tropies  ‘The subject 15 at present however in
considerable confusion, and much further worh 18
required

Grvus Piropr asya

SPLLILS nosT
P tnas Cattle (Tex1s fever orgamsm)
P Canss Dogs (Itnly Senegal I rance)
P Ous Sheep (Italy Roumamia)
P Lqu Hore (S \frica)
P Hominms Man (produan,  spotied fever )

1 P borss—The parsite of Tex s fover of
cattle cleuly does not belong to the proper group
of malari L prasites although 1t occurs m the red
cell It forms no pigment and differs n ats
development from the malina parite {hoci)
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The pwasites are two to four # m length one
totwa xrawidth  Two forms occur i the crroutt
tion—(1) 1 sphenic tf or ovaid form (1) 4 pinform
pusite mpurs  These are chirctenstic and
give the ntme  Intermed e stiges between 1)
and {u) occur  The spherical forms show 1 chro
matic particle ind doscly resemble  voung rings
The chromatic body (nucieus) drades nto two
portions  one going 10 ¢awh cnd  the pusite
elongates md by thys means the pinform body 1
got  The minform paates are two to three »
long wnd about onc # m dinmeter

The number of pirisstesn the penphernl
cizeulrtion 18 propurtionte to the seventy of the
dise 1se—one 1o two per cent of corpuschs e n
fected At the end of the diserc five to ten per
went (or even twenty fiveto thirty pertent) lhe
number m the bload i not w0 gre w1~ the number
sn the spleen {ten percent ) Iner (thirty percent }
and especriily hidnevs {eighty per cent )

Tree paasites we {ound i the blood wm the
Inter stages of the disewse but esprantly m the
hidneys

Post moviews —Hemorrhagie oedemn 1bout
the stomanch hidneys nd retropenionen] tissue
Intense hyperiemi of the spleen nd hadness the
Iatter are nearly bick  Huemorrh igae erosons
Ulcers 1n vanous portiony of the whmentary tanat
Techymaoses i peduis of hadaes

Transmission by Tids — \ccording to Moras
(Bucharest) Prvoplasma ours ¢ 1n be transmtted by
translerrmy adult tacks from an mfected to » non
nfected tmmnl He did not succeed i trans
miting the die e by Linvie on nymphie de
veloped from tichs tihen from mfected imimals
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Tius 1s 1n_direct opposition to the classical re
senrches of Swutnt and Kinorsr on Proplasma
bours, corroborated by Koo Swirtiand KiLnose
hatched young tichs from the eggs of tichs that
dropped off mfected cattle It 1s these young tichs
that communicate the disense

NG
15

Ig 74 Pivoplasma Cams (left) tpical Dusform
Parasites  (right) dmocbord jorms

2 Prwroplasma cams —The parasite 15 mor
pl\olog\mlh wdentieal with Prroplasma boes 1t
15 1 stnethy speaific parisite and has not been
transferred to anv other wmmal than the dog
Native dogs in the tropics mns harbour the pa
site without shew ing any symptoms  The disetce
exists in Trance Italy South Africy etc In the
chronu forms the parasite 1s rare 1n the arculttion
but m the ncute form with hugh fever 1terus, wnd
haemoglobmura, the prrasite (tvpietl pirosoma
form) 1+ found with grent ewse n the blood
Iour to w1\ parisites often occur m ewh ccll
Kidnev blood post-mortem 1s extremely nich
pirwites  Young dogs 1o to twelse weehs old
are the most ewstly infeeted by intruenous -
jection  The tr] Demacentor reticulatus 1 suf=
posed to convey nfcetion in Curope nd Hacma-
physalzs laechs i South \frica  DBoth these tichs
pper to pss thar Il stiaes on other hosts
than the dog
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3 Prvoplasmaor o —1he disense in Hungnry
1 known 7 carce1g Banrs conwiders thnt the
orgusm fornts 1 connecting hink between the
bactenn and protozon Sheep that have recovered
hwe 1 marked 1m nunity ©
{hocn} — Vinn Corst Fever de
scribed by hoen 1o in exceedingly viculent form
of pirop! sma mfection 1 Rhodesin wnd South
Africt etghty to minets per cent of infected
cattle die A pecubinty of the deeave ss tht the
antenun s shght and correspondingly  hitemo
globimunt rwe Jhe prwate s smiller than
that of the proplasma of Tewrs fever  The
pimsites e dise shaped or leif shipud 1nd s
the disewse progresses my be found m almost
every cell  Pear shaped orgwmsms are rire It xs
suspected that Rhupiccphalus decolovatus or the
blue tich transmits the disewe for this twch
trnsuuts 2lso Tenas fever in South \fricr

OO

LIig 75 Atvgrol f s of Foroplasma
%7 {dft r 1 \\ER\\{ 4

It 1s m thes form of boune proplisma espe
aally that atypical forms lose been described by
Tuzirr, ~nd subsequenth  wmore  fally by

vEran

)} Torms resembhng strught or cured
Inedly one to three « long,  Lhiey are thucker 1t
one end winch contuns + chromatm particle
One to four m1y occur w the sime cell

Mt Swd BI g1p 54
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(n) Torms resembling coccl, singly or 1
purs  Two to four my occur in the «ime cell

It 15 1mportnt to note that together with the
atypie il forms tipienl forms are abw nvs found
though these Iatter my be rare

These ity pro il forms occar i the severe ¢ ey
Smnilr cocer ke forms described by Ssuti and
KiLpogne 1 Texas fever occurred i the shight
cwes  The post mortem lesions charactenstic of
this form of pirosomal disense are local infarets 1n
3IrI0Us organs

5> Poplasma homins —Ths species of pira
plism 1s responsible for the disense hnown s

spotted fever (flech typhus) occurring 1n Mon

tana and Idaho US A and WsomnTaypt  Astle
naume 1mphes there 1ccompames the fover in
eruption of spots  The mortlity 1 the Unsted
States 1s 15 lugh as sesenty to exghty per cent 1t
15 much less m the cases described in \lex indm
Egvpt It is possible that they are not the same
disenses 1nd  the subject requires elucidation
In the Montna disease pirtform ring shaped wnd
cocer Iike forms occur

6 Pivoplusma Fquz (Lwwerw)—Tound m
horses 1n South Africn

Ticks

I 1fe History —The femnle ftersatiiting her
sell with blood falls to the ground and n 1 few
davs or weehs Ivs eggs

I.4s—The eggs are lud in masses of severl
thousnds (Irodidac) of some hundreds ( 1rgavidac)
The process Ists about 1 weel  They are small
oval opaque bodies They muyy tale wedhs or
months to htcliout  I'rom the ey 1s developcd—
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The }area ~These e hevapod  Thew ching
to blades of s et md my do so for ses el
months belore wtalin,g, thost  The Ival stage
Jits sy to tenndnvs The mauldt then Ciles plnce
g there emerges from the shin—

The \suph — Fhesc wre ottopod  They re
wmble adult femdes They he pespirators
stigmnta but nosesudorgins Fhe nvmph et v e
It seven to ten dns The nvmph moults and
there emerges—-

The Ydult  Thew yun attuh themeelies
tothe host wd ma few duwscopuliion tikes
place  Thefem e grdulhy distends nd remuns
“ttached for sbout mmne toeksend s Lhe fenrde
tHendrogsoff  Whot the male daes s opcertun
the femes whole (vde on e bt thus
twenty o to thrty one dw  The eminn hife
ack tiles probibhy bout two to thyee months

e

Fig b Egus {1 wd il Dok (3t y Mae )

The dunensions of the yvimous stages of
{ Rictnny we ~

Lo o4 o3 mibmetres

T o6 by oy mdlmotres

Ny mph gy 06 o milietres
dult Lo by ey {moded audbune tres
Adult oty 67 (femde full

grown) millimetres
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Licks have a predilection for certun hosts,
but the same tidd may be found on different
ammls, wnd further, the Lirval and ~dult stagts
m 1y be passed on different tmimnly

n1TOAE

1 The Rostrum, capitulum or head 1s the
smul anterior projecting portion, 1t 15 joined on
by 1 short nech to the «cutum on 1t ventral sur
fice 1s seen—

2 The Labuon or hypostome, 1 bi-laterally
symmetrical structure furnished with 4 number of
teeth directed bachwards  The number of rons
of teeth nd their disposition are very 1mportant
n clssificition

The Mandibles he dorsally to the labium
The terminal portion (digit) terminates n two
or three processes, 1pophyses wlich bear hooked
teeth directed backwards  They are mportant
m classificrtion

4 The Mandibular Sheath lies above the
mndtbles Ihe intenor extremity 1s notched
corresponding to the two halves of the sheath
(2) (3) wd (3) form the piercing orgn or
haustellum

The Palpr are four jointed and form 1
hind” of sheuth for the hawstellum  lhe shape
of the palpy, their spines nd processes we of
the grentest mmport mnce 1 clasification

6  The Scutum 1s 2 dorsnl structure, situated
behind the base of of the rostrum It 15 1
hard leathery plate  In the male 1t prictically
covers the whole of the dorsum In the femnle
1t 1s confined to 1 roughls tungular antertor
portion of the dorum The males are thus
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rexih distingusshed from the females It s
absent i the lrgastdae
he Porose arcas e dorsy stractuzes
formmg two os 2l depreswons one on € ich side of
the middle fine at the bse of therostrum  fhex
are most conspicuous i the female but esist
both seves
The Ives not alw nvs present are small
dmost Jobular stitctures situated Iatersihy at
the man of the ~scutum 1n the Jodidae or as
punchform strw tures on the supriconad fold of
the frst leg in the drgusidae
g The Stigmata~ wituated venirldby nd
Puterally belund the level of the fourth legs in the
DNodsdue open nto + stigm dd plite or p ntreme
Ia the dryasidac they hie between the third nd
fourth leg< The shipe of the plites re important
1n chssific wtron
10 The duns s 1 bittle w vy m front of the
postertor ventral mrgis [t Bas tvabe
11 The 1nal plates or oIy pr fourin number
on Gsther side of the anus i the made They are
used for chnesifyin,  Not s i3 present
12 The gomtal ortfiee vn the muddle hne
1 Iittle w w belind the rostrum
13 The Tegs are s om0 the fainve wght
m the mimphs wd  dult The dans hue
ventrally 4 well mathed pud or puludlum The
vt (math s hsch the trachant ¢ artioudites) may
hve spmes or teeth or buger Nuclds  These we
used i chssaicrtion

Crasszicviion oF Ficks

Dicks e diviaed mto two f umibies—
1 drgasdu seutum theent
2 Ivedidue stutum present



336

The Ixodidae re divided 1nto two sub fimilies—
1 Rluprecphalinae —Palpr not longer than
brond rostrumshort  Anterior portion
of body emargimate to recune the
rostrum
2 Ivedidae —Palpt longer than broxd ros
trum long ~ Antenior portion of body
strught or emrgin ite

Tig 77 Tuwk under urface shet mg Anatonny and parts
& o1 for dassificste o ( fter Sarsion and STILES)

The Rhupicephalinac e the most umportnt
from our standpoint as to the genus Rhspicephalus
belon,, most of the tichs that re known to trns
mit parwsites  The vanous genern e Rhupice
phalus  [Boophilus] Haemaphysalis nd Derma
centor

Grhus Rurpicrpniies

LCyes present  Base of rostrum hexagoml
(dorsally) forming on eich side U projecting
angle Palpt short and broad  Stigmata, commn
<haped clyper two purs i the male  Covaey,
two large teeth  The genus mcludes nearly thirty
species . Some of these wncluding the crners of
piroplisma, we may clisify in the following
Wy —
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Genus BoorniLus
Not 1dmitted by NEUMAN 15 1 gonus

Genus H \FMAPHYSILIS

Eyes wanting  Be of rostrum rectangul,
twice s long as broad, palpt comenl  Second
segment of palpr has 1 well marked laterl
comcal projection  Stigmtn commt shaped or
circulw - Anal sluelds absent in mie  Covaa
not bifid Cova v i mnle a well marhed
spur  There nre nbout twenty siv specres

H  Leach: (South \fnecn)—The dog 1s the
usual host  Possibly transimts Prroplasma cams,
occurs 1lso on cattle

Labium —Tour rows of teeth m ¢ five rons
m g

Palpt —Dorsal surfice 1s brond as long
Second palpal segment has 1 sharp Internl spine

Cova v —Has 1 tuberosity

Grats DerveraTor

Eves present  Bise of rostrum bronder thm
long Phalprshort and thick  Stigmaty commit
shaped  Anal shields absent m mle  Cosu
bidentate m g and ¢  Scutum ornmented
About twenty four species

D Ilectus w the Amenienn dog ticd

The subfamily Ixodimac comsists of five
wenern, [1odes schatocephalus A pononma Lmbh
gmma and Hyalomma
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Graus Boors

Lyes absent  Pupr long  Thismt wathout
termandd sputs And groove surrounds nus
antenorly 1nd opens postertorly  Scutum
male does mot cover the body lIrterally ~nd
posterorly  Stigmdtn oval m g ciculw m g
Male ventrally cosered with v shields  two
Iteral embricing the ongins of the lege and
the stigmatt  one mediin between the gemital
openmg wnd the s two on ewh side of
the wnus (penal)  and one tnangulir posterior
shield carrying the inad onficc at s ntenor
comer Teme has dorsally three longitudmiad
grooves on the "bdomen virunily two bell
shiped grooves the first hae sts apes t the
vulv 1 the second 1t the nus  lhere are a
Iwge number of species

1t I nmomms —The cwtor bewn tnk s com
mon on sheep goits cattle  hurope

2 I hexaqonus —Lhe Europenn dog tick

Grwes Estuyrocerrarts

Lies wanting,  Rostrum long  Padpr jin
form & clwiform @ Anal gromves won fandes
Stigmatr cucular w both sexes e very long
Dorsal and ventral chitinous thuchemngs n the
mile  fine grooves m the frmk There e
seven specses

Graes Apovovus

Lies wanting  \nud groove surrounds s
postentorly  wd opens antenorly . Aunal plues
Absent  Base of rostrum pentigond  Scutum
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covers the dorsum entirelv  usully marhed with
green spots  Stigmatn, comma shiped  Temale
scutum shorter thin browd three green <pots
The sprues e pusitic on reptiles

Grats Avsriownn

Eves present conspicuous  Anl groove s
Aponomma, nl plates tbwent  Rostrum lon,
Scutum often has coloured designs  Stigmata
usu tly triangular nearly alwavs eleven posterior
marginal festoons n the male  here are over
eighty species

1 vaviegatum —Is [requent on cittle m
Rhodest 1

Graus Hy wovinny

Lyes present consprcuous  Rostrum long
Anil groove opens wternorly  Body tlongte
oval  Colour deep-brown  Male two purs of
ventral shields two penanal liwge, triangular,
and two smill external  Scutum covening ne uly
the whole of the dorsum  Crenellnted or festooned
posteriorly  Male stigmatn comma shaped with
1 long tul  female stigmatn with 2 short tul
Threc species only

H Adegrprinm — \ttadd s cattle especially, ko
dogsandcits  Occurs in Lgypt North nd South
Afnen

17 gastdae —Scutum absent rostrum mferior
(except m Iva) - Stigmaty between third and
fourth legs  Puluillum of tarstwinting in 1dult
Palpr free short ftliform four segments  legu
ment leathers without dors1l or ventril sluclds
Sexunl dimorplusm not marked
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GENLS Vreas

Lres wheent  Rostrum wiuch s concealed
by the cephila thoray » st sted it lenst s own
Jength behnd the wtenor mwgin No pro
jecting hood  Pody oval or orbinir The
speciey e pocturnl an therr hbits mlest birds
manly There e ddecen species | species of
Argas o the tnnssutter of  spanidiar feser of
poultry

{ vefloans mieots prgeons horopean

A porsis~Ganb Guez of Persin The Inte
1y sud to produce severe Toc it ind comatitutiond
effects

V' tholozam: = hépe of Persruys stmbir
effects recrtbed to it

GrEv s ORNaTuonorts

Thes present or beent  Rostrum ludden
under 2 propoung beik (hood] dowe to the
1aterror margia of the bodv <o that the tips of
tlie pilpt are vimbie from tose I oo borders
of body generilhy strught ~ometumes (oncve
tegument mummitinted

maubatuy ~ Coarpaty ud of Trre on

the Zambest  The bite = s nd b occwion seyvere

locil nd gener il denbuwes  Ttas the e of
ik fever U, md s Limasnyy

IFILOM ITUR

NYaeoLCImit M NTECOMYINY

ibe foliowin, 3~ 1 bruel summin of the
worl done by the \wmencws (PuwFe Braeg
aund Pormize) on the par e of vellow fever
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Chapter \\1V1I
THE TRYPANOSOMID\E

TRYPANOSOMATA AND TPyPANOPLASMATA

The Ty panosomidae comprnise two genera—
(1) Trypanosoma (2) Trypanoplasma  Fhe genus
Trybanosoma 1s charnctenized by the possession
of 2 longitudinal unduliwting membrane  the
thickened border of which takes its ongin pos
teriorly from - centrosom¢, and terminites an-
teriorly 1 1 free flagellum  Division tal es place
longstudinnlly  The genus Tnr panoplasma has
two flagella oneantenor the other postertor Both
anse from one centrosome  the anterior forms the
thickened border of the unduliting membrane
the postersor flagellum curves around the posterior
end of the parisite and then 1s prolonged 1nto a
flageltum ~bout equal 1 length to the antenor
one

‘The Trypanosomdae occur 1n fish amphibia
reptiles birds and mammals  Most of these are
very incompletely known -and 1t 15 only some
species mm mammals that have been at all closely
studied  We mv enumeriue the following
species —

Tvypanosoma  votatortum (synomm = Try
panosoma Sangurms (Grisy) —In the blood of
frogs (Rana esculenta Rana temporaria Hyla
arborea etc) forty to ewghty ulong e to ten p
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Chapter AT
THE TRYPANOSOMIDAE

Trapanosovats Wn TRYPANOPLASMATY

The Tripanosamidae compnse two_generi—
(1) Trypanosoma \2j Tripanoplasma  {he genus
Trypanosoma 1 chwcterized by the powsession
of a lonptudinaf undulting membrine  the
thicl ened border of winch tikes 1ts ongm pos
tenrorly from 2 centrosome 1nd termumites -
tenorly m 7 free flagelluns  Druision tal es plce
longitudindly  The genus Tvy panoplasma has
twofln,elln onentenor the other posterior Both
Anse from one centrosome  the Anterior forms the
thict ened border of the unduliting membrane
the postertor flagellunt <urves wround the postenor
end of the parwsite wnd then s prolonged mto 1
fagellum about equal 1n fength to the antenor
one

‘The Trypanosomsdae occur m fish ~mplubia,
tephiles birds, ind mummals  Most of these are
very meompletely 1nonwn nnd now onhy some
species 1 mamimals that ke been it Al dosely
stuied  We my enumertte the folloving
species —

Irypanosoma  yotatortum (s\nonvm = Tr-
frmnsoma Sanguins (Grumd —In the blood of
rogs {Rana esculenta  Rana temporavia  Hyla
arboreq ete) forty to Qi hty mlong five to KD u
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b;o{ahd bI‘dl'igelIumée? to twelve # long  Surface
of the body striated longitudinall
B e gitodinally (I1g 79 nd
Ts “Cavassz (MiTRapnanow)—Besides the
forms with undulating membrine and flagellum
dish-like forms re described  In the blood of fish
(Carasstus vulgarss), 1n the tench (Ttuca 1 slgars)
Also deseribed m the blood of the stichleback
pike etc (Tg 79)

fo

Fig 79 T Rotatorum T Cobstes T Carassst Tp Dandecskt
Left toright  (After Laseras and Mesaic
MiTrRAPHANOW Gnd DANILEWSKL)

Ts Eberth: (Kent)—In the guts of fowls,
ducks geese especially 1n the caecum and ileum
This 15 not 1 bloed parasite so far as 1s Anown

Ts Cobitss (MiTRATHANOW ) —In the blood of
the mud-fish (Cobttrs fossslis) = Thurty to forty ¢
long, one to two s brond Flagellum ten to
fifteen g It 1s long and thin  Forms without an
undulatmg membrane are described and also
without 4 flagellum (I'g 79)
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Ts solcac(Lattran) —In the blood of the sole

It1s however, the trypinosomes of mimmals
tht are of the greatest importinee producing
1s they do well hnown and fatal diserses  Not
all trypanosomes of mammals re however,
puhogenic  Trypanosomes are bodies ensily
detected 1n fresh blood with 4 one ssth or one
seventh lens Thev are actnely motile and
mav be seen displuing the red cells by their
motions  As thev come to rest the undultting
membrane nd fligellum are visble  They nre
bodies 1bout twenty w long In stuned speci
mens {RoManowsky) an oval nucleus lies 1bout
the muddle of its length nd near the blunt
posterior end - small stuned particle 1s clearly

& 5 A

Itg 8o I' Leutsii—- (1) Dituding fovm wath t eo contro ame
(2) Vdult form = (3) Y ung forms vesuiting prom
divisicn (fr sk preparation)

scen  the centrosome Jfrom this 1 certun
species 1t any rate the flagellum starts and
cm be seen 1s 1 distinct wavy thik red line
extending the whole length of the orgimsm
and continued bevond s the long (nterior)
free flagellum  The portion {unst uned) between
this external wavy margim and the blue stuned
ody of the orgnnism 15 the undulttin, membrane
(Mg 8n)
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{c) Branched hurs on the upper surfice
only of the ansta (the sty 1s an
appendage of the terninal segment
of the antenn~) (wde T1g 82)

(d) Male gemtalin (hypopygium) charc-
tenistic

{¢) Membrane of wing grooved, not
smooth, 1s 1n other genera

(f) Wings closed flnt over one another
like 2 scizzors

Fry 83 Glossina shewing scessirs position of Wangs

thenatvest x  (Affer \LSTEN)

Stomovys

(a) Grevish fies with blrcl marhings
(smaller than glosstna) found on
men nd cattle

(b} Palp1 exceedingly slender nd short,
not protecting the proboscis

(c) T'leshy Iabellx, smnll but visible
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d) 4r15ta distaily forms 1 fine hur
¢} Wings dierge widely S Caletivans
15 1 common Luropenn spectes
Haematobia
(a) Small mottled flies e g hornfly of
Lruted St ites
(b) Paip1 distinctly shorter than proboscy
cexvpanded it the tips
{¢) Tip of proboscs b=1rs A few hrurs
(d) The modified flesh Libellv ersly
‘v isible
{¢) The nsta has hurs on under and
upper surf e

‘}

Tig Sy Stomvys hewsng v fing f sition
of Wamys x {After Viaren)

I yperosia

(a) They oceur in great numbers on for
mste (imels

(6) By some regarded s 1 sub genus of
Hacmatobia

(¢) Palpt form 1 complete she ath for the
probosus and flttened 1510 Glossina

{dy Pulp1 not expnded at the up

{e) Chiosely adhed 1o Clossina but differ-
ing 1n the wings

Biccarimyia

{a) Probosci> rescmbles thit of Hawma
tovta
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(b) Palp1 not expanded 1t the tip

(¢} Ansta ferthered only on upper surface

(@) Has 2 promment Epistoma (thus
differnyg from other generh) [The
tip of the Epistoma 1s the pomnt from
which the total length to the tip of
the abdomen 1s measured]

(¢) Furst posterior cell of the wing closed
before the margin (in Glosstna 1t s
open)

Other blood suching flies that my be confused
with the tsetse flies belong to 4 different famly,
viz - labamdae (horse fhes, clegs, or gad fles)
In thuis fimuly those resembling tsetse are the
genert —

Iig 85 Haematapota shewing vesting posttion
of Wings x  (After AusTex)

1 Hematapota

(a) They are about the same size s
Iarge tsetse {lies—elever mm long

(b) The abdomen 1s not binded

(¢) The wings diverge 1t the tip but
meet 1t the base {ride T'ig 8;)

(d) The antennae project hovizontally for
wards and are conspicuous

(e) Thegreysmall Haematapota of Lnghsh
lanes 1 summcer 15 a famlir species
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2 Pangoma

{2) Chruactenzed by the extreme length
of the proboscts 10 some specus
three to four times the len,th of the
bod,

(6) The Seroot fly of Nubin s 2 specres
of Pangnnia

{¢) Antennie projecting  {fumily  clia
rcter)

Gives Grossivy

Abdomen geperaily but not 2w iys hos pale
but well mrd ed d wk-brown b wnds mterrupted
the nuddle

1 Dull coloured browmish fhes  seven to
tuelie mm  lJong (excluding proboscs  and
win,s)

2 Wings an restn,, posttton clused fint ane
over the other sazzors ke projecting beyond

*the abdomen
Probosais enclosed i pupt projecting
honzont v m {ront
Dnse of proboscis suddenly evpinded into
1 large emon shaped butb

5 Arsta fe thered on upper side only

6 Male gemitalin (hy popygaum) highh chin
rwtenstic ol and tumd wath 1 vubaform
medhimn grome {anus) runnmg, from wtenor
mugn to bevond the auddle  Sev el distin
gwshed by thes mark

7 Vungs absolutely charwtenstic espect by
in the course of the fourth longutudind 1o
{tede Tigg 82, 1) }he antertor trinsverse vein s

Y
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very oblique  The bend in the course of the
fourth vein before 1t meets the nterior tr insverse
vemn 1s absolutely diagnostic

Laiva and Pupa —According to Brucr, tsetse
flies {or 1t lest one spzcies) do not Iy eggs but
extiude 1 yellow-coloured lnrva  After 2 few
hours tlis changes mnto a pupa  Lhe pupa 1s
six mm long and threc mm broad It consists
of twelve segments  ‘The twellth segment 15 pro-
duced 1ato two lrge lips, enclosing 1 pit, the site
of the respirttory stigmata mn the larva At the
anterior end 15 1 longitudinal groove through
which the fly eventually emerge,

CLASSIFICATION OF SiLCIES

(1) Hind tarst entirelv dark

Gl palpalis —Dnrkest of il species of
Glosstna  Third joint of intenna dushy brown
to wmnereous black

Gl pallicera —Tinrd jomt of antenna oringe
buff Tront in both sexes narsower than m Gl
palpalss  In & the arstz 1s stouter wnd loner
than that 1 Gl palpalis
(2) Hind tars not entirely darl

Small specres length not exceeding ten nd
a-half mm — Last two joints of front nd muddle
tars1 hve sharply defined darl -brown tips

G

morsitans —

1 Smaller thwn G longipalpss

2 Head narrower

3 TIront paler and wider

3 Eyesin g wnd 2 distinctly converging
towards vertex
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5 Abdomunnl bands less deep pale
hind  murgims of seoments there-
fore deeper

6 Hypopygmm i & larger pajer some-

whit more ovd m outhne wd

clothed with fewer hars

L1p of ¢ ibdomen less harny Inter diy

Brastles on sisth sepment n & stouter

nd nore copspronous than in fong:

palpes
Cl dongrpaiprs Small Spueies —F st two
jornts of front and muddle tirst cntirely pak
G pallidipes —Large specres Tength nlenst
n tnd 2 ball mm (ot wepect thay contrst
mrhedly with the other sm il specics)
G longipennts —
1 Tharin wath four sherphy defined
dark-brown osal sputs
2 Ocellte sput dard brown wmn con
shreneus compared with the body
3 Probosces <hoster thman G fu ca
and relatincdy siv rier comp red with
the bods thin s other spicws
In both sears the prent 3 bronder
than (7 fisa
G Jjusta~Thoriv without spots
T Tremt~ lhe tiypmosomre of Suna \

common disense wm @y puts of fudin g

Bombay At certun .« wons esp aith though

probably alwans 1 lutent condiise 31

possible that as nereast 1t 2 putioulir tak s

assocated with the psavalence of 4 i, fiy

Suret 13 chacwcterized by 1 sl tran of sump-

toms to those of N,y 1 Roorrs states that the

tisense 1 Indinas cameved by 7 abamd 1 {hors

[*aN]
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flies)  If this 1s so, the probability of Ngna
being 1lso conveyed by other biting flics thm the
genus Glossina seems hhely

Whether the ‘surrn of camels m Indin 1
produced by the same trypanosome there 1s no
evidence to shew

Laverin and Mesnin  who have recentls
been able to make 1 companson of T Bracer \nd
I' Eransy, state that T Drucer 1s shorter and more
comput than T Lianss  The movements of
T Bruce: are nlso less extensine  The posterior
end of T Brucer 15 so blunter thiwn that of
T Ewanst The free portion of the flagellum 1s
shorter 1n T Diucer than T Lwanst and the pro
toplism of T Diucer has more numerous and
luger granules than that of 7 Lianss  The
nucler and the centrosomes vre morphologiclly
indistinguishable  Further, the mean length of
T Biucer1s less than that of T Lians: and the
width of T Biuce: 1s grewter  The distinction
between Surrt ind Ng wma1s howeser best proved
by the fact that an ammal nmmumzed ngaunst
Nganu 1s vet susceptible to moculition with
Surra

Trypanosoma Equinum (Mal de Caderns)—
In Central nnd South Americn A dise e affect
ing horses

The symptoms—remittent fover oedemn
w wting—resemble those of Ngant nnd Surr
Most characteristic 15 the parilysis of the hind
legs from which the dicence thes its nune

It runs a chromic course two to six months
In donl eys s1x to twehe months  There 15 occr-
stonlly hiemoglobinurin
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Mice rats, rabbits dogs etc {guinenr pigs
ruely) are susceptible  Incubation perod five
to eight drvs ~ Horned cattle re refractory

Tt 15 thought that the infection 1s transmutted
by 1 biting fls (Stomosis calcatrans) The parsite
morphologiclly resembles I Bruce:  In the
Intter the centrosome 15 however luger In
T Equmum 1t1s so small that its exastence his been
gemed Moreover an nmimnl immumzed agunst
T Lqumum 1s stilt su~ eptible to T DBincu

I Equperdum (Frg S1)—This trypanosome
1s the cause of the dise se 1mong horses in Alzent
hnown s Dowrme In asees the symptoms e
shight In horses nd espedinlly stillions the
svmptoms tre much more mirhed  Itisconveyed
s far as 1s hnown under natural conditions by

cottus only and not by means of fhes

In eleven to twenty duws after coitus
acdemnious swellings of the genit ilin 1pper

In forty to Nifty dys charactenstic  plaques
on the shin These 1re very uceasionlly abswent
1510 2syes but when present e pathognomontc
These pliques st onbv one to aght dus
Around these there 15 vedemn  The mmls
become aniemic complete puaplegit sets in nd
death 1n two to ten months

Trypnosomes e most easily found n the

pluques  with difficulty 1n the blood

Post Mortem —Therc 15 inflimmation of the
uwrogemtil mucosn and o two Cses areas of
softeming e been found i the spinal cord
Ruminanis nre relrctory (to I Brucer they e
vary susceptible)  Dogs which hive been immu
nzed agunst T fyuipordum vet succumb to
T Brucer ~o tlint Dourine nd Ngana pper to
be distinct
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T Gambrense (Durron) —This, the first human
trypanosome to be described wns discovered by
DurTon 1n the blood of a Europenn in the Gambia
The climical symptoms of the case were —

1) Irregular relpsing fever

(2) Oedema especially about the eyes

(3; Congestion of the shin

(4) Erythematous patches nssociated with
thichemng of the shin

(5) Incrensed pulse 1nd respirations  Loss

of flesh

The trypancsomes 1re generally scanty i the
blood Thev are transferable to monheys, where
thev persist in small numbers for some months
also to white rats  Careful examinations of the
blood by centnifugalization are necessnry for their
detection 1n most of these animals

How conveyed to man there 15 no evidence
to show (wide Plate I)

SLEEPING SIcaNESS (TRyPANOSOME)

T Ugandense (CasteELLany) —Found i the
cerebro-spinal flud obtained by lumbar puncture
by CASTCILANL 1 seventy per cent of cases
Later Bruck found 1t in thirty eight cases 1n all,
and i the blood 1 twelve out of thirteen cases
Centrifugalization 15 necessiry

There nre morphological differences betw een
T Ugandense md T Gambiense according to
CasterLant  The former has 4 more rounded
postertor extrermity  The centrosome 1s nenrer
the extremity and outside the vacuole, which 1§
lnrger (these differences however, mry not be
constant)
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Symptoms —Perliaps most noteworthy 1 com-
prang 1t with other forms of trypanosomiasis,
il indeed the disease 1s due to tlhis trypinosome
e —

1 A puffincss bout the face

2 Anenlargement espeanlly of the cervical

lymphatics (this, however Dr Cnristy
nforms us 15 not wn essentil chnrcter)

3 An atchy papulo vesiulnr eruption of

the sl

”
\QFQ/

Fig SC T Uganlens (Urasrerss 1) abore T Gamlen e
(Dutron) belne  (After v TaL1 AN

It should be remembered thit 1n eighty per
cent of fatal cnses 1 vanety of streptocotcus
Dyo, enes wascultinted from the org s W hether
or no tlus 15 to be regarded s 1 termnal miec
tion and what the rclation of the trypinosome
to the disese may be remuns to be secn

Bruer who his continued s worl  finds
that the distnbution of the disense m Ugandi
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s identical with that of Glossima  palpalis
and that the trypanosome cn be conveved to
monheys by means of Glosstma “bo Christy
belongs the credit of huving previously shewn
that the disense could not be'due to F purstans
as hnd been supposed

Fig &7  Hippobosca Rufipes left x ~eiight natural st ¢
{After TnriLur)

T Theilers —This 1s found 1n the blood of
cattle 1 the Iransvnd, subject to 1 disease
known s gl zelte, 22 gall'sichness Length
thirly to sinty five » width two to four »

TneiLer has shewn since that a brting fh,
Hippobosca yufipes transimts the disedse

T Teanstaliense —Tound 1 the blood of
o\en eighteen to fifty # long by four to sis &
brond lhe centrosome of this trypanosome
almost touches the nucleus The unduliting
membrane 15 consequently hitle developed

Amo—Is the native name for 1 disense
Somalilind affecting cmels horses 1sses mules
It 15 chused by t tes panosome, tnd 15 exceedingly
{1ttl to camels  Man dog etc, 1n these regions
are not naturally mfected



361

Divexsio s or T1ypanosoMATA Tousp 1y

Marnnns
1 T Lewsn 2p256by T4m
2 T Brueet - 25308by 15250
3 T Lqmperdum 1826 by 2-2 54
4 T Lianst - - 2030mbv 128
5 T equanum 2025rby 23k
6 T Gambiens 18 .yuby 2284
7 T Ugandense 18-.6uby 254
§ T Thederr - 065nby 4n
9 T Transtaliense 18 s0nby 4 0r

Considertble varintion esists betwen the
dat of observers and though these figurcs < n
be con idered s pprouimately correct they do
not suffice for distinguishing the vanious species

Whether 1t will be possible to distinguish
nely alhied species morphologucally e T Brucu
and T Lvansi remams to be seen  Differences in
the position of the centrosome 1nd diffevences 1n
stumng properties hardly suthce m stoular speaies
that resemble one another closelv qnd 1t present
the onls certrn method 1 their pathogeme pro
perties

Multiplicition of trypanosumata tikes plce
by longitudinil dission the nuckus and the
centrosome divide 1nto two or more pirts  The
trypnosome Lecomes morc or less quadrngulae
m form 1nd from exh centrosome 1 new thigel
lums seen starting,  Other modes of multiphica
tion are descnbed —conjugition transierse divt
sion formation of mmuebord forms ete  Sesul
differentintion his 1lso been suspected wnyhow
it s cerfun that m the orgns of 4 st of
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1s adentical wath  that of Glesstma  palpals
wnd that the trypinosome cin be conveyed to
monheys by means of Glossina 1o Christy
belongs the credit of hwing previously shewn
that the disease could not be due to I' perstans
as had been supposed

Fig &7  Hippobosca Rufipes left ¥ —right natural st e
(After TurtLer)

T Thetlers —This 15 found m the blood of
cattle m the [rnsvanl subject to a diseise
Lnown s ‘gnl ziehte ze gnll sichness Length
thirty to sinty five #, width two to four »

THLILEP h1s shewn since that a biting fly,
Hippobosca vufipes trinsmts the di eqse

Transtaliense —Tound 1n the blood of
oven eighteen to fifty « long by four to siv #
brond 1he centrosome of this trypinosome
almost touches the nucleus The unduliing
membrane 15 consequently little deseloped

Ao —Is the native name for 2 disense 1n
Somthilind Affecting camels, horses asses mules
It 15 cused by 1 trypanosome nd 1s exceedingly
fatal to cimels Man dog etc, n these regions
are not naturally infected
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Diveasio s or Trypanosoyary Tounn 1y

Manvars

1 T Leawusn 2325y 14n
2 T Brucer -~ 2530mbv 1525,
3 T Iquperdum 15-.6 by 2.5
4 T Lianst - 2030mby rzg
5 T equinum 2025eby -3
6 T Gambiense 18 . ,mby 22bp
7 T Ugandense 18 6uby ~24m
3 T Thealen 30-051by 248

T Iranstaliense 16 ;0muby 4 6m

Connidernble variation esists between the
datn of observers and though these hgures ¢ i
be considered as approsimately correct they do
not suffice for distingmshing the vinous species

Whether 1t will be possible to distinguish
nearly alhed species morphologic ly ey T Bruca
nd T Lianst remuns to be seen  Diflerences mm
the position of the centrosome wnd differences 1n
stunin, properties hardly suffice m simiar sproes
that resemble one wother closely nd  present
the only certyin method 1s thesr pathogame pro
perties

Multiphcntion of trypinosomaty taikes plue
by longitudinnl division  the nuddeus and the
centrosome divide mto two or more puts  The
trypinosome becomes more or less quadringular
m form, and from exh centrosome 1 new flagel
lum 15 seen starting Other modes of multiphicn
tion are destnbcd-—conyugition transverse dint
sion formation of tmoeboid forms etc  Seaual
differentintion hns 1lso been suspected nvhow
s certun that n the organs of 2 case of
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try pnosoma 1nfection numerous stringe forms
can be seen, of which nothing 1s 15 vet defimitely
Lnown

Inoculation —The most certun and rapd
method 15 1ntripentonel, eg 1 the case of
T Lewssu but subcutineous 1s 2lmost equally
certun and in T Brucer scratch moculations
nearly Always succeed

Blood Eaamnation —If present in fur quin
tity there 1s no difficulty m detecting them fresh
with 4 low power If very scanty, 1t may be
necessary to centrifugalize the blood ‘The most
delicnte test of 1 successful infection winch may
have resulted even though no parsites be found
15 1 subinoculttion into 1 hughly susceptible

I'ig 88 T Soleae T Avium (after Do ENbKY)
Tp Borvels (after LAVERIN)

Where parisites cinnot be found by n
ordinary exnmination in the blood they may,
howeier be rexdils discovered in the oedemntous
swellings <o often found in trypanosomiisis
Thus 1t 15 often extremely difficult 1f not 1m
possible to detect trypanosomes a the blood of
2 rabbit nfected with T Brucer yet they nre
easily found n the oedemntous flud tbout the
eirs muzzle. ete
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Grus TrypANOPLASMA

1 ']‘vypanoglasma Borrelt —1 wenty g long
three to four » brond  Tnach flagellum “fifteen &
long It 15 curved 1n shape  Ihe undultting
membrine on the convexats  The anterior end
1s more pointed than the posterior I ound in the
blood of the red eye {Leuciscus erythrophthalmus)

2 Trvpanoplasma Dantlewshi —Tifteen to
tnenty # long less thin one # brond lound
in the gut of leeches (possibly derved from the
blood of some ammal) (I1g 79)
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CILARIA

The Filainidae form one of the familics nto
which the Nematodes 1re divided  Other fimilies
1n this sub order are the Ascasidae, Strongylidae,
Angullulidae, etc  The Frlarndae we divided into
several genera only one of which conceins us
mmmedintely viz, the Nilayia, and first we shall
consider those species of filirin which hmve therr
embryos in human bloed They are the following

I Baucvoft1 syn I' noctusna (Manson)

F Megalhucs (1dults)
I Gigas (Prour)

The following are the characters of the em-
Dbryos of each spuetes —

F bancropts —Occurs 2t mght 1n the pern-
pheral blood found 1n the internal orgnns by day,
especilly 1n the vessels of the lungs  Ce Argyro
tarsts wnd Ce Albtpes are efficient hosts

1 Length about three hundred ¢ fresh (one
Lundred and eighty mstuned specimens) by seven
to eleven p wide

1
2 F dmna

3 F Perstans
4 F Ozzards

5 F Demarquar
6 I loa

7

8
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2 Lnclosed in 1 sheath considerably longer
thn body of embryo

3 If plced rpdly benenthnne roscope shews
1t first wctive progressne movement (ANNgTT 1nd
Durton) Iater the antenor tip of the sheath ap
purs to become attached to the glws wnd move
ments of the embrnio though wtive are nut pro-
gressine

4 lheembryo shews wn mtenor bruptly
rounded off end and 1 postenior tipering for twa-
fifths the length 1here 15 1 aiv-tipped preputce
snd 1 short very fine fang

5 Ihestunedspeomenshew yjnarregat e
{rasverse brenl wbout twenty one per cent of the
tength

(1) AV <haped spot or trisverse srregular
breh vt dist ince of 1bout thirty per cent of the
tength from antenor end  Nearly dwavs present

() An uen of vauving, length with ceils
lousely “arringed  sinty thice pet wnt fength
Tus 1. constant and represents the centraf g~
sregtion of fresh specimen

(3)  Anarregulr sometimes ov il spot often
present cights five per cent fen th

) % small central brght spot occ isionally
ety one per cent length

diwrna~ No differinees are distinguish-

Ablk between the embrvas of I dmrna and
I nocturna exther w the frevh or stuned  pecimen
(ANPrT and Dutrow)  Duttos nd  Asetr
e found the ¢ whyes tilen from the adult
fumile I loa to be prictic by 1dentical wath those
of I dirna ind describe v ease m which anfeg
tion with T Jon was associated with embryos
prosent i the blood dunng the dy and not to
the samg extent 1t mght
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Lmbryos of I loa, t then from the female tre
described by ANNETT 1nd DutToNn
1 Length, 208 » ,
2 Possess 1 sheath
3 Spots 1s follows —
(1) An oval or dinmond shaped spot, twenty-
four per cent length from anterior end
(n) An indistinct Internl aren contuning
scattered nucles, thirty-seven per cent length
(u1) A longer portion of worm which stams
badly, sometimes divided into anterior nnd
posterior portions
(1) A smnll Trteral bay, exghty siv per cent
length
I perstans —Lmbryos present 1n peripheral
blood dty ind mght e p penp
1 Length, two hundred « by four g to
five # breadth 1n fresh, and about nmety # 1
stuned preparttions
- Do not possess a she1th
3 Movements evtremely active and pro-
gressine mosvement continues for many hours
They possess the power of considerable elongt
tion tnd shortening
4 No hooked prepuce 2 fng 1> generally
observed protruded nd retracted  The body
tipers gradually for two-thrds of Jength and 18
Abruptly trunctted 4t the tal and shghtly
bulbous
5 In stuned specimens the followng spots
are made out —
(1) A narrow mregular transverse band at
distance of 26 4 per cent length nearly alwnys
present
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(1) \ wider irregular transverse spot 1t
tlurty-~1x per cent length  Occasionnlly

{m) The lrrgest of the spots n irre ular
trnsverse area sixty three per cent length  Not
Alwtys present

{nn) A very mconstant central bright speck
1t exghty three per cent length

I
Lo

Tto 8) 1 Bunerofts I'mbrys shewng sheath ' D v tans
Lmbyy (shethless) T Bawcrofts (Fmlive) prepuce and
fany (abore) F I erstans (Fmbrvo) fany (1 ¢}

6 lhey we rendily dwtinguished {rom the
embryos of ¥ Ozsavd: by therr blunt tuls

7 The observ 1tions of TirnrT 1nd Christy
powmt to the fact that there 1o more thn one
species of I' Perstans

I Qs ards —

1 length one hundred 1nd seventy-threc
10 two hundred and forty u by four to five &
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Lhey are sharp tarled and sheathless

3 They hwe no pertodicty

I' Demarquan —

1 Length two hundred and fne n by
five

2 Tl sharp and sheathless

3 Cephalic armnture, 1ll-developed prepuce

ind spine
A V spot eusts fifty-two » from the

head {seen 1n wet hlms)

3 There 1s no periodicity

6 Ce Avgyrotavsss and Ce dlbipes are m-
efficient hosts

F loa —Two cases of infection with the rdult
F loa hue been described m which F duina
occurred 1n the blood It 1s possible then that
I' dwing 1s the embryvome form of F loa (ide
I dugna antea]  On the other hand F diurna
embryos are indistinguishable from those of I
Baneroft: the ndult forms of wiich re well
Inown

I M, alhaest —Adults only Inown

F Gigas —

1 Blunt tailed

2 Has no sheath

T1ue CHaracrrrs oF THE GENus 1i1Lapia

They nre long slender worms of alnost
uniform breadth throughout their length The
anterior extremity 15 rounded and the mouth
often hns no lips The males are distinctly
smnller than the females They have an meurved
or spirl tul the latter sometimes having Interal
membranous outgrowths They wusunlly hme
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four pre-nnal and a vanable number of post annl
paptllae ind spicules which viry 1 size and
apperrince  In the females the vuly1opensin the
neighbourhood of the mouth  [he host i winch
the hlirt renches full matarity glving nse to
embryos 18 the defimtive host the other host 1s the
intermedingy, or secondnrny host  Thas I Bancrofts
hi for ats defimtive hot man for its inter-
medt sty host, caitun speues of Culicidac

F “secondita —Definitive host dos  Inter
meditry host P sevraticeps (dog flen)

\pvrr Tuatiac

1 I Bancroftt —The ndult male 1nd fcmales
are found together sometimes i the ymphtics
or m cyst il e diltations of these  Fhe embryos
gun ccess to the arculttion by the thor wie duct

2 I dwsrna — \dult form doubtful  \ccord
mg to ANNETT nd DetioN it s I Joe

I Py tan —The adults were found by
Dunrres it the root of the mescatery belund the
abdomuintl 1ort v nd beneath the pencardium

4 T Oz.ardi — Adults found by Dawires
1 the sub peritonen! tisue

I Demarguanr - \dults doubtful %
fem'lle form hns been descnbed diffenn,, sbihtly
from that of I' Oczurd:

6 F loa — \dults found o the subcutane ous
nreolnr tissue lso in the evelids ind bene ath the
conjunctiva

7 I’ Megalhaest —\dultsonly 1 nown found
m the left ventricle of the heart by Ficuiuy ne
S

8§ I Gigso -\dults unhnown

7
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The following nre the characters of the re
spective species —
" Eancroftr —Males nd females found to
gether in lymphaties
¢ 1 Length eightv-five to one hundred and
fifts mm
2 Distinct nech  one third width of body
3 Body plun, tapering somewhnt abruptly
to necl 1nd tapenng towrds tul
4 Cuticle with stnntions
5 Taul ends bluntly, and his 1 smll de-
pression surrounded by two small lips
6 DMouth sumple, minute, terminnl
7 Osa tuenty five to thuty-eight x by
hiteen u
\nus ventral openmg on summut of 2
bilobed papilla
g 1 length, eights mm
. Bodv cvhindncat tipermg to tul No
nech
3 Mouth arcular stmple, terminnl
3 Clown ventril four purs pre anal four
post anal papillte (MissonN doubts the presence
of these) Two unequal spicules
5 Gemitil tube sumple  Oesophagus thich
walled
6 1wl vine-tendrd hle with one or two
spirals
I Peystans
9 1 Length <eventy to cighty mm
2 Necl longer thin I’ Bancroft:
Body without mulings
Tl incurvated Tip of tul nutred Thrs
1s characteristie of this species
5 Mouth minute simple
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6 Embryos m utcro blunt tuled not
sheathed
2 1 Length forty-fine mm
Hend end 25 in femnale
1wo caudal ends much corled
One spicule 1nd two papillae
Low describes four prurs of pre anal wd
one pur of post inal minute pipillae
I' Ozzavdi —Adult
1 Dimensions much the syme 1 those of
I Bancrofir
2 Distingwshed by the bulbous tul n F
Bancroft: 1t 1s not bulbous but circulr
I' loa —Adult forms truvel about m con-
nective tissue
¢ 1 Length thirty to forty mm (wverac)
Varies from sixteen to seventy mm  DBreadth
0 57 mm
2 Noneck Head cone shaped
3 Body ¢ylindrical tapers shuply towards
head and tul
4 Cuticle with bosses excipt over the ho id
5 Tl terminites i 2 short meuned por-
tion ind hs two small tubcreles it s e xtremrty
6 \Mouth simple
v cont uning embryos thirty=five g by
twenty-five
8 Anil onficc on low browd pipillie o3
from the tip
1 Length twenty five to tinrts mm
2 Untform thichness except 1t e wd and tul
3 Cuticle with bosses but not ~o numerous
15 10 the femnle
Tailnot spirlly twisted merels meurved
It possesses well-marked Iateril alie

[FET

mm
&
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5> Three well marked pre-innl papitle wnd
two unequal post-inal papillie  Iwo slender
unequnl spicules
F Megalhacst —Adult mnles and femles
left ventricle
@ 1 Length, one hundred and filtv-five mm
by 07 mm

2 Club shaped oral end
3 Swollen oesophigus well marhed
4+ Mouth simple
5 Cutwle fine stuations
8 1 Length eighty-three mm by 04 mm
2 Fourpurs pre-wnal four post-1n  papilie

and two spicules

To Exavnr Broop ror IiLaria Eamsryos

The technique saries somewhat ~ccording
to what end the observer has mn view

1 To faahtite detection 1t 1s well =s
Mixson advises to mahke thicd  films of blood
Dry  Then wash out the hnemoglobin with water
or one third per cent 2cetic 2ad and staun with
haematin or gentian violet or fusclin

Tou the latter stuns 2 few drops of 1 satu-
rited alcoholic solution of the dve are added to
hilf 1 watch-glass full of water

In these methods no fixition has then
plice and the parwsites re exposed directly to

the action of 1 watery die

2 (For stedving the mnute structure of
the embrvos the tbove method 1~ not 1dvis ible)
Mihe 1 film m the ordinary wy_ I m alcohol
and stun with hemwtin The spots and
granules of the embryo nre most beautifully

shown
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Trariy N Masnases

I gmmites — \dulls found n night ventrcle
of dog fov, and wolf LEmbryos mn blood
Lmbryos develop m the malpighitn tubes of
Anophiles  Afterwards they enter the generil body
cavity and pass tow irds the ltbum

Dogs in the tropics commonly harbour this
filna The filare are most numerous 1t
night

I yecondita —A single female 1dult has been
found in I idnev of dog

Lmbryos i Blood ~Embryos develop in P
scraticeps (dog flex) and P orrsitans (man and
dog) alvom 1 do, tuh  Lhey nre found 1n the
intesttne 1ind body c vty fhe hlirin hae how
ever not been trinsmtted from infected fleas to
healthy dogs

I equinu —Serous ¢ waties  intestines 1nd
Iner of horses donkeys nd mules

Tmbryos in Blood - \ppeu hihe I' Buncrofts
but smnller

I haemorvhasia —Male wd  fomale e
together 1in tissues of horse ind donley  They
form hemtsphenical tumours the size of 1 nut be-
neth the skin - The-c burst d disch wge blood
Fresh tumours appear in from one to two due

I wrntans Tound 1 summer sores  of
horses 1nd donkeys

I Tamst—1@un, nd mesentery of (amel
Lmbryos mn blood

I lacrvmalis wmd B palpbralt — About the
cves of homes nd « attle

1 oslers —1he adults cquse broncho preu
moni n dogs
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5 Three well mul ed pre-nal papiline wnd
two uneguil post-anal pipllie  Iwo slender
unequAl spicules

F Megalhacst — \dult males and females n
left ventucle

2 1 Length, one hundred 1nd fifty five mm
by 07 mm
Club shaped ortl end
Swollen oesophngus well marhed
Mouth simple
Cuticle fine strintions
Length eighty-three mm by o4 mm
2 Fourpurspre-inal four post wnalpapillne
and two spicules

8

Sl S E )

To Lxamine Broop ror IiLaria Lamsrios

Che technique 3artes somewhat according
to what end the obscrver has 1n view

1 To fralitate detection 1t 1s well
Minson advises to male thich films of blood
Dry Thenwash out the hnemoglobin with water
or one-third per cent et aad and stmn with
hiemntin or gentinn violet, or fusclun

Tor the Intter stuns A few drops of 1 <itu-
rited alcohohie solution of the dye are added fo
half a watch-glss full of water

In these methods no fixition has talen
plice nd the parwsites are exposed directly to
the action of 1 watery die

2 (Tor studymng the minute structurc of
the embryos the wbove method 15 not 1dvivible)
Make 1 film 1 the ordinary wav - Fix 1 alcoliol
and stun with haematin  The spots nnd
granules of the embryo are most benutifully

shewn
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Twariy v Masvaws

I ammates —— \dults found 1 nght ventrcle
of dog foy, and wolf Lmbrvos m blood
Tmbnos devclop m the malp, i tulxs of
Anapheles Aftern uds they enter the gener il bodv
ettty and prss tow uds the Tibnun

Dogs 1 the tropis commonly harbour this
filwiy © The filiriie  nre most numerous At
mght

I secondita — A single femde adult s been
found 1n ladney of do,

Lmbryos w1 Blood -Embryos develop wm P2
s rratieepy (dog fler) wd P wrvstan (man nd
dog}, alsom 2 dog tuh  Thev e found o the
mtestine nd body ¢ vty Lhe fifir s how
ever not been truwnsmitted from mfected flens to
healthy dogs

I eguina —Serous ¢ wities ntestines e
Tner of Torws donheys wmd mukes

Tmoryos m Bloed  \ppeu hle I Baucroplr
but smnller

I haemorviagrea Made  nd femile Iinve
together 1n tissues of horse ind donkey They
form henuspheric i tumours the sizc of v nut be
nOth the shin - These burst ind dischirge blood
Tresh tumours ppeosrm from one o two duns

I wrttans Tound m summer sores of
Borses nd donkeys

F Lwan; Tung md mesenters of camel
Tmbryos m blood

facrvmali wd [ padpelals About the
eves of horses wnd  ttle

T oot —The dubs cwse broncho pneu
momn 1n dogs
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Avian FiLariae

Diaridd embryos vre very common in the
blood of birds, and the adulf forms are found
in the most diverse positions, notably i the sub
cutineous tissues  In some form the embrvos
appeir to be confined to the lymph

In the description of Awan filaria the
following should be noted —

r The spectes of bird concerned

2 The site of the ~dult filinne

3 The description of the adult filanne
femnle and male the use of Coes formula
gives unifornmity to descniptions  The measure-
ments are tihen with the amm~l 1n profile from
the antenior end

1) To the base of the oesophagus

(1) To the nerve ning

(1) To the cardiac constriction

(1\; To the vulvrin the female, or to the

middle 1n male
(v) To the 1nus, noting when this 1s ter
minal

At ench of these points transverse measure-
ments are tahen and noted below the above, so

Longitudinal
Transverse

The umt of measurement 15 one hundreth
part of the length of the worm

This formula should be used with caution,
since 1t rests on the assumption that the pro-
portions of the various parts of the body are
constant m different indirduals (SmrpLey)
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Dewwings should be made of the head nnd
tul and the mouth anu  wnd vaginal onfice
crefully descubed

The description of the embryo Where
found blood or hvmph  Presence of 1 sheath
1 ength 1nd brewdth of rmbryo ind steuth  The
exact description of spots and the distince of
these from the antenor extramty The following
spots 1d markmgs my be veen -

(1) A transserse shit about twenty tne pr
cent length Sometumes not seen

(n) A der, sometimes lntanl sometimes
trnsver e spot about thirty to fortn per cent
length

() A long spre m wiuch the nudda we
loosely arringed often ending inteniorly 1nd pos-
teriorly mn clenr spwe  Aboutsicty hive per cent
length

1) VLsmallspot about scuvcntysa per cent
fength

() Very smal! hateradl pot or <ht minets pur
cent length

Dryvegrorvent of Toarn v toe Mosouito

Espments made so far hive boon chuefiy
wuth I omocturna (I Bancioptny

Both  {nophcdes md Cufev mosquitacs mw
net s the hests of ToFamerjts Ceortun speoes
of both gonery howeser dy aot wt s hosts
The following have bren she vn to Wt s hosts —

C pipren P Costalrs
C ahlan Mym fo u
C Tatijons Mo Simnses
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The following hve been shewn by Bancrorr
not to allow full development to tike place In
some species partinl development occurs, the
lrva, however, eventually disippenring —

C notoscrrptus  (ShUSE)

C annulivostres N

C  hisprdosus »

C ugilax »

C Nigrothorax (MacQUArT) .
C procax (Swust)

[4] Musivus

Grasst and Noes ewvperiments shew that
I enmetes 15 capable of developing n 4 clatiger
As regards the re-infection of 1 henlthy dog, the
experiments are somewhat inconclusne, for m
the dog used < single immnture worm only wns
found, vbout sixteen days after the period of
biting  They state, however that of 1 batch
of dnopheles dissected before the ‘ biting, many of
the a1 contuned filairr wherens, of 1 batch
diseected fter the ‘biting non. contuned filnn,
the conclusion being that the hlria had escaped
thiough the labin into the blood of the dog
duning the ‘biting

Seven stiges of development of the embryo
~re usually described  The following 1s 1 resumé
of the changes undergone in Culey prprens —

Fust Stage —One hour after removal of
blood by mosquito the sheath 1s enst nnd the
embryos exhubit 1ctive locomotive movements
In twelie to eighteen hours many have bored
through the stomach w 1ll wnd have reached the
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muscles Some e within the stomach In the
muscles the cuticular striition disappears move-
ment censes wnd the body becomes thicker

Second Stase —Tor two to three duws the
embryo becomes much thicker and the mouth
begins to be funtly indicated

Thud Stage — An anus ppenrs i front of
the tul and « mouth 15 verv distinct with four
fleshy hips Cells nre seen in the body n1nd
these form an alimentary 1nd tegumentary ltyer
lhe embryo 15 now about o 3 mm long

Fourth Stage —Rapid growth tihes plice
and the tul becomes relatively smatler

T'ifth Stage —Lengthening tales place  The
whole worm DLecomes fibrous and transparent 1n
appearance It hascast the cuticle  Some Irge
cells 1t the end of the tul form papillie which
are charctenstic of this stije of the larva
The parsite 1> now 1bout 1 5 mm (one-six
teenth mch) Time about seventh duy

Stxtl and Serenth Stages —N\ovements become
more active 1nd when the hlinne have rewhed
their lughest stage of deselopment 1n the thorac
muscles they leave that tissue and trwvel forw wd
m the direction of the hend of the mosquito
(Low and James) Theyv rerch the loose tissue
about the salivary glnds nd pass wmto the
nech  Some tre found i the abdomen  Num-
Lers of the filana Ianac enter the lower part of
the head lying beneth the large hewd granghin
Tventunlly one or more worms pass into the
substance of the libium where thev are rendiby
found by dissection  The lana at this stage
mesures 1bout one~inteenth inch in length
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Tue Transyission To Maw

According to DuTron, who has very minutely
described the structure of the proboscis, the
worms ¢1n only leave the labum at one powmnt,
1 e, by perforiting an extremely delicate mem
brane, wiuch closes i the extreme end of the
Inbum (see p 166) If they escipe elsewhere
they must penetrnte the dense and hard chitinous
envelope of the labuum—a very 1improbibie
occurrence
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APPENDIX

BLOOD SULRING ELRS

the Dipters cr flie  ave tw oy wainged soseuts (the postert ¢
ot of wangs afe f1am §omed nt> hafteresy and ate so dis
tagush d for example from the Heanpters uw buy whinh
gem eally hase fous wings  dn the Dapters the metamrph s
s owmplete eggs i pupt st an the Hemupt ca st
waotsr  bhe followmg clrsses e bl & sucking habats

The Nem ceralygua threwd xepae antenna) indfuding the
foliowing fambies —
1 Bletha o ne

Wing wndescent )y discd o o wing {the ds o
cell bies betneen the sec nd§ sters seediandth s miba
cell)  1hes resrmble modye the hinvae have v ks nd
are found attached to stene in the water

eaus Curuper ¢

2=Cylicidae \l squit & 7gnat

3~Chr montar (Mid, )

[Cenus Cheranomy sj ac t blnd suckang §anvie ar bf od
worms ers du vve

Cenws Corupet gn S eny mumute mudges \vang ¢ decally
potled  Fanae m sth aon aquatt

€ rarsus  \ pest s Scotland
A== ychodida (M th 5}

Véry small  Antennne v iy hun Wings verv haren

Lanae of some genery maphibr u

C nus Phicbotontus S Yur et

§ —~Stmuludae (sandflics Bulfd gnn )

Sipall fump ba hed fhe Antennre destitute «f heurs
Wings relnnely farge  Er b st hore thuk copsisting of
epphanaex wnd hypophny  \atenna eleven segments
¥l foue segauents { vy aguaty

Cenvs Simutnom
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The Brackycera (Bpayus short xepas antenna) include the
following —

1 —Tabanidae (Horse flies or gad (==sting) flies)

Lnrge flies  Antenna three jointed not terminating 1 2
style or anst1 (the ansta (when bristle Itke) or style (when
thich) being an appendage of the ternunal portion (fagellum)
of the antenna) Labium enclosing four stylets m & six m
Q  The terminal jomt of the palpt 1s mflated and the palpt
hang down 1n front of the proboscis

(a) Genus Tabanus

Proboscis short and thick vertical in the female oblique

m the male termmal joint of antenna crescentic  Flght
humming  Attacks horses cattle man
(b) Genus Haematapota

Termmnal jomnt of antenna not crescentic  Wings adjacent
lihe the sides of a roof No ocelll  Flight silent

H plursalis Commeon 1n woody lanes 1n England in the
summer

(¢} Genus Pangoma

Probosais often long thin honzental Insome three to
four tunes length of body piercing even when the fly 1s on
the wing  Accessory eyes (ocell)) generally present” Hind
tibiae spurred  The Seroot fly of Nubia 1s probably a
species of Pangoma W hether the Zimb fly of the Arabsor
the Tsaltsallya 1s the same 15 doubtful

{d) Genus Chrysops

Three ocelll  decond jomnt of antenna as long as first
Lyes golden green  Flight silent  Wings widely separted
Spotted  Hind tibiae spurred

Ch caecutiens attnchs the eyes especially

(&) Genus Hadius
H leprdotus = Motuca fly of Braul
The thud group (Cyclovvhapha Schi.ophora) include the
hagidae ‘and d 1he last twa groups
are not blood suckers but are included here for =~ their
pathological interest also only some of the first group are
blood sucking
1 —Museinae

Antennae have three joints and an arista wing vesns less

complex than in Brackycera
(@) Genus Musca  House flies (not bloal sucl o)




) € uus Callephora Blas thes og blue bottles (ne t blood
suchers]
() Camus Tuetha (e b tiles

I motellavia Thelio o e By s the Yinees o ws w

Wt infesti, the pasal [raie ind frontaf sinues of man
(@) € nus Stomors,

Tr bosos horeontdl | oo, wnd hrm Thied <egmwent of
antennt there times b o, « » o nd Anety feathered n
tt uppersarfwe only Dalpin tf o, rthw the epr U me

Col strons rsemble th huefl but t hewd
rused Atrachs cattle  © astondly man Lttenmpts U e
mut T bryees with the Bris been negatine

(e} Conuy Haemot 151
Sl fres Patpoas tagas poobe o gt § ather d
thove and putly below  Mtack <attls fi 5 el

i ¢ nu Glossina
\msta feath red ibove 1 deattea

—~{Sarcoph 1grdac}
Not blwod sucling Arety feathery it the {ase bare

Atk up Lage G b out sypamtbm st

C o Swenphage 13 ng tetih e thwee bla k band
Wimen | oted” llrl pueat Faad anthrec tanea th
second segment

epnariy S mantr yand S Frpoom i) gaen

10 temble forms ST wivte woara @l s

3~{0 strafic} (Dot (=1 uwn pRhe )
Nitblocd & hang  Lurge b 15 bosos rufimensan

intenna sers sh it Anr ta cgmented T hyht humming

(o) Cenws Ca t ophulss g € equt Bhe v hite govinbe
21 secn on the hewes Wue T Tasa e sy sl wed
ant they attach thrmeels st th o na fthest o b

) Cenws Hypodvma eg I bmats Lante produce ov
w wbles (=tume urs) wn the |

(e} Cenus Oestrus eg (2 e Tarae m O tearat i
sy < o the she

(@) Comuo Cephol mnya eg L mrulite in the cunet

(S Comus Cephominar ¢ € autbarhs ta v d Ter
Sothind

) Cenus Dermstobrs eg D vaouvents [ maa the
\:r[ macigue  {Amency pedeong muaa noan mon aad
eattle



Vi

(g) Genus Quromvia eg O anthropophaga  Larvass the
ver de Cryor (Seneral) producing myinsis 1n man
My1sts 15 common i Africa and 1n the tropies but the
laryae hrwve been identified in but few nstances 15 vet

The fourth group the Pupiprn (to which Glossima ko
belongs from the pomnt of view of 1ts life history) comprises

1 —Hippoboscidae
Iabwum ibsent  Proboscrs consisting of epiphinvax and
hypopharyny ensheathed by the mxillae  Palp wantmg
DNepesit lirvte which sub equentls beeme pupne  They such
the blood of mammls vad birds  Their win s ase often very
minute
(a) Cenus Hippobosea ( prder fies)
Winps farge obtuse  No oceils ansta nude legs long
and extended
H cquun Runs ripidly over the body 15 the [New]
forest {1y of Inglnd
cameltna Attachs camels m Fgypt
H ruppe tran muts Trypanosomn theilen
(b} Genus Melophagus
Wings extremely minute  No ansth on antennte
\f ort1s the shecp tick  Four millimetres long
{¢) Cenus Ornithomyia
Wings large  Four millimetres long
O arnculania Occurs on birds
(d) Cenus Lipoptera eg L certs on the red deer
(¢} Genus Stenopterve eg S hvundims of the swallow

~\yctersbridae
Found on bats  They have no wings

TLIAST
Tleas or Aphampter: are considered to be abryrant forms

of flies nd hence follow paturally after the division Tupipara
of the flies

e

FRbawe kb 8t dp te dt 1 th twmmy  fth ¢
twyp mmyf T s d the eofCl math o oed e
tohwtheth eyp  m  derg  yiswlp ell g n e
b ¢ fGl w b t t lybe hew thityp o

hpb sdr thebt fonom fctdoaml



A%}

Lire History

Lggs  About 4 dozen are Jaid 10 floors 1n erichs et
scmetimes an the hur or fur of ammal  Fhey are 07 by o
antlim tres (P srritans) Th eges hatch m about a weeh or

Lartae _Are worm Il whitsh consisting of fourteen
segments  They +re about ons 1nd 1 ball by one tenth
millimetres 1 size  They feed on srganic refue () n
biecd  In about eleven davs thy are full grewn  They
wrap themselves up in a wo o m ult wnlb com

g oo farvaofaNla(I limm)x o
(Yiter Rauisir )

Vymphs —Afte the laps of an ther elesen dvy th fl 1
emer, e (the evolution thus takmg 2bout a month)

1dults —1he femmale h1 a  n we buk the mal 4
comex bk

vatouy
1 The head & small ot distin thy eparated fr m th
bordy
The antenna are {laced a0 Frs 2 belnnd the eves

They const t ¢ f two bsal egm nts and « tued of dn r
f oy gulardy s gmonted  Th masdlary palp) most not
be nustaken rr them

3 e m uth ¢ nsist of (1) epagliarsny (the central
st ) < rrited above tubulirbel W (B tws errit 1 man
dibles hellewed on thewr inner wrfy  and € g, sith (1)1
Rutter along which th bl W1 s (Yal b mgle f ra
sh ozt b tance then bifurcating and Oroung, ty Tibvd patp
whihfrm 4 heath fr the pirng orpm {a) anl )
%I) two manlie haven, th [ expand d | lit ex h
betniag 4 fuur pointed palpy
+  The thorere egment  thre 1n number ar separate

Abdomen o timneof mne  gmont overl pran
th dersal and ventral pertns nt bon umt 1ot s
Whwing <l di ten 1 u

A1
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6 Spines arrnged m comb like fashion evist on the
lower part of the head pro and meta thorax and abdomen
[hese re of great :mportance m classification

The Aphansptera compnse (1) the Pulicinac (fleas proper,
() the Saygzp:yllenne prise (1) ¢ proper)
The Pulicinae have—

1 Small head
2 Labial palps four joints
3 Thev nre never stationary parasites

There nre three genern (1) Pulex ()} Hystrichopsylla
(3) Ty phlopsrila
Genus Pulex

1 Well developed eves
2 The eggs re not fixed to hais ete
P uvitans
1 No spines on lower portion of head
Na spmes on pro thorax
3 [hird joint of antennae mcised
4 Parmsitic on man

Tig 91 P srratans x 20  (After RAILLIET)

P scrraticeps
1 A comb of seven to nne spines on ewh side of
the head
2z Pro thorx dorsally  a ssmilar comb
3 Parasitic on dog (? same species on cats)
P gonocephalus
1 Head bent imnto an obtuse angle Above and
laterally has combs of five to six spies
Pro thorax postertorly six long nurow spines
3 Parasitic on rbbits



I avium
1 Head nospin s
= lrothorie twelve to tharter n posteniorly
3 larasiticon birds  Doubtful if all are of the

e <
There are 1 1rpe number of Jther spreies

Fig g P Serratrceps v 3o (4fte Runiien)

Genus Hystrichopslla
T N eyes
Head truncated
\single spect v <1t nthe mote by e

Cenun Ty Mlu[s»l!u
1 ves rudimentans or abweont
Head rongated rownled m fr nt
The <pe tes e di ingw bed by b number 1 th
spine combs e 1 wtrtenus hevifoawm  pontefomms
Ihey are parsiic mbat onle hew mi e 1
fi 1d mice

The Str apsyllinae
Herd 1y,
horay narr w
3 The toomd gt [ th antnmy 1 nt
eament 1
Comprise thr ¢ genery (03 St pslls (3) Kinn paily
() Vermipsy Ity
€ nus Sare psilta
1t Head igular
Tres sl
3 VMaalle nall



hY

4+ [pipharynx elongated
5 The tbdomen n the female capable of great dis
tenston They 1mb.d themselves in the tissues
S penetyans (CriGGER) On man pig horse goats and
even it 15 sa1d birds
S gallmarum  On the eylids and nechs of fowls (Ceylon)
Cenus Rhyncopsvila
1 ead rounded
Mawllae cursed
A single spectes found on parrats and bats  Are foed
like tiks with the bodv free
Genus Vernupsylla
I Head rounded
»  Mauillae large and tnangular
V Aliburt  Parasitic on horses (Turhestan}  Frved with
the bods free

g 93 P Gomocephalus < 30 (\fter RAtLLIET)

LITERATURE

Camb dg Nt 1H toy [ ¢ PtII
RUL T &d Zalg mi I e g ol

STAINS NUMERICAL DATA ETC

Frsing ANp HaRDENING SOLUTIONS

Alcohol 3s a fixative and dehvdrating medwum and for
ordinary wurk 15 the mo t conventent  The tissues 1n small
preces may be placed directly 1 methylated spirit (nunetv per
cent alcohol) or absolute alcohol {mnety erght per cent
alcohol)  Change the lcohol 1 few times ~Or pass through
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fifts  events fve minety fise one hundred per cent ale hol
leaving o fow hoursanewh  Ater hardening 1f the spreemen
are net tn be imbedded ymmeeliately ten fer 13 2t o1 f
about eighty per cent f r presersing \fter the wee [ ther
frxtsves specimens shuld be wa b dand 1o ferced t eaghty
peccont of alcalial for pr on ation

hectihied spinit of the Bt i Tharmy opa i1 1 equal t
eights Frur percent a1 bl

Methnlated  pint contumm, weod napthy 1 gqual ts
ninety per cent alooh

Ordimaes methvl ted spint ¢ ntun minesal naphtht anl
should nst be used

Absolute 2k ol equalt minets esshit percent 3 bt
For practical purp res the ddution. [ al bl 1 sufbesenths
accurately made by metn of the diduting f rmain g wd

Zenkev s Tlurd —

1Htis sum 1 ichremnte > grmme
Sodm Sulghate 10 grm ne
Corrosive Sublimate 3O R
W iter [ o grmn
Ad1glacal 2cete wad trths t k luts non the fry
pottion of five grammme t n hondr d Def reu [

tonaseompl 1€ netytw n furh ur Woohah roudhy
i alecho) to whiclienoughs dime b3 b add T8 v o
dak bownsolut o Or afal b bvomloanbl v un
tute of 1o bne tsopart et ums hdnepart glv nn
Aty part water Ofty part Ren v untiin furtheed 1w
e u takes phce

Haematmor ¢ i oand mothnden bl wive 21 e ult
frmalwnft ue

Orth s Flut] —Tln Muller flud t whs b of b
(te formallehrde Dty percent bt mdy alf binth gr
§ thoncftene to n hundred [ Mullerbel 1 u e

Fruationof milpr e t ke jhiemty t threrhor
ket warm  Wahth roughh 1 through o bl

Mull vs Fluad —1' 10 wum I be mat b part

N doam Salp by 1yn
Water 100 ant

Adiahttlecamph rornyhthalint pre entth gr o sth
ofmould  Chingeth flu 1aft rty enty Turh or andithen
cen few duys frah @ sk Fuoe weer oo nafnt
mght se theer week  They mov be leftmu b Dnger by
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i the dark  Wash thoroughly in water till colourless
Transfer to alcohol seventy toeighty percent for preservation

Tlemming s Solution —Chromic ncid 1 per cent 15 vols
muc weid 2 percent 4 vobs
Glenl acetic acd 1vol

M in the above proportions before us ~ Use very smalj
pieces  Ination 1s complete m about twenty four hours
Blckening due to the osmic mav be remosed by hvdeegen
peroxide  Bload films may be fived sa ths solutron

lisues thus fixed m1v be preserved m equal parts of
leohol and glveerine

Formaln (forty per cent “olution of formaldehyde) —Use
two to five per cent solution 1 water  Small preces are fived
mn twelve to twenty four hours  They may be lelt in <olution
or transferred to aicohol

Corvostee Sublrmate —Best used s a concentrated alcoholic
solution {or aqueous m1v be used)  Tixation takes place ina
few hours WA h thoroughly 1n water wnd tran fer to 10dine
solution (¢1de Zenher s flmd) till 10dine no tonger decolourized

The concentrated alcoholic solution 1s a most rapid fiving
and hardemng reagent and sections can be cut 1n a very short
time 1f small preces are used

Decalesfying Slution —Tissues trequure fixeng before and
after these salutions—

{1) 1hloroglucin one gramme mitne acid tencc water
one hundred cc

(1} One 1o five per cent solution of nitnie aeid 1 water
or 1lcohol  Change the flud dly  Decalerfication takes
place m two to three dats

(m) Prenc aad a saturated solution (= 2bout o075 per
cent ) contrinung ey tals  Decnletfication mas tal e weehs or
months  \} ash in aleohol

Fau d  Jarelle (dissocrating nd decolourzing solution) —
Add to a concentrated nqueou solution of chlande of lime a
solution of pota sum oxalate as long 1s a precipitate Is
formed Fulter and dilute 1f necessary  This may be used for
softemng the chitinous «] eleton of mosquitnes and for decolout
121ng Madura fungus etc

FTor FiunG I ARArFin SECTIONS 10 THE SLIDE

1 Celloidin one part ol of cloves two parts or
2 Thin solution of white shell1c in creosote oy
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Lharoughly mi¢ equal gt § winte of g And
glycenoe fGilter S 1 one of the simjte t ad b stanean
3 Diltered white of o, yocc
 heenne 50«
Sodium iliey iy 1 pram ne
Shake weli and filter (this 17k about 2 weeh)  The < lution
K eps well forsin month cmore or
5 Smph uelre hnlite t gy smear thinky ner dey

Motnisn Mertin kre

v larrmgs S lunn—
1 Takeequad parts filycerme ind 3 aturated  luti n
of anentous aad  Add powdercd pum ittt the 1t n
18 saturate { or
w Hur gum nrabi 4o geamme

Wter 30
Clycenine [
Carbolic ard J prumme

for fhvm 1 <3 pomm
Towder the pum and dt ©l Cinabout ne hunli 3 wd hifty
ce of watre by boling, wddahe wb G vl & o
a lhittle water hiter thr ugh 1 bt nilter hoging, o
clogz d evaporite unul it s abe it phty th n sd1 the
glycenne
Acetate of Totassum —~~itsat 1 1t n Com oot

theccver gl swithg 11 e tinwav s tho wed fr
osnne prepaetions wd E eyl gon Cm fowb o dine 1

Cheerine Jels —~( 1 ecioe ,
t t

1 Vatine Toprinne
Thym 1 o4k amm

arone geimme HEphen 1t 1 b 0 huadred Loimme T tle
mixture

Iy oliethe gebitin atf ry fon nasat bt add
the ghoenme (warmell pe drih th ol wlmy uth o
httle water andstirm ddth 1o atnup vt oo
stirecnbinusn By wanmt phty e degr alt ¢ ahrounh
2 hot filter

Te Motst Duascars Opsrers

Yheeatenpee ont pf rn dl du th ¢ noeatrate
w the ur anl then tran ler t the g b
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To mount m Jelly —Remove 7> much water s posstble
plwce the lde coverglass and jelly 1 the ncubator (f
neces ary) - Before cementing <ee that the laver of jelly 15 not
tnnltlud\ it tho thich press some out ind scrape 1wy then
€03

Dummar I g —Dis olve 1n equal parts of benzene and oil
of turpcntine It does not render preparations s trnslucent
as Ctnada bisam

Frane Broon

A5 we huve nlready stated for practieal purposes alenhal
1 absolutely satsfactors  The following solutiens have been
used and mny prove useful occastonally —

Osmie actd —Osmie acid 10 " sodium chlonde 66
distslled water ro

A neat and practical method of using this 1s to morsten a
camel s hair brush with the solution then to touch the blood
drop nd to mmedintely spread th blood out on the shde
with the brush  Wash the brush after use i alcohol
(hormlowitch)

2 Chlrvoform —Instead of hentinstuning with Ehrlichs
tniacid i for five minutes m chloreform (neutral to litmus
paper)  Stun for five minutes or more After fixing (Josu®)

3 Strong Flemming  1specially for nuclear structures

of partaites
Heat —Hent up to  ne lundred and fifteen to one
bundred and twenty de,rees C in 2 hot oven ind then when
thns tempernture 15 reached allow to cool ngmn m the oten
Osmic aud two per cent glacial acetic nad equrl
parts [xpose to the vapour For delicate worl indispensable

STUNMG SOLUTIONS FOR Broop Erc

1 Iomanowsky stawm (p 10)
Haematn (p 50} —IF the solutinn has become reddish
on keeping neutralize with a little ammoma
Eosin and Methylene Blue {consecutively) —(a) Stun
for one to five mimutes in 1 one half per cent solution of ecsn
10 sinty per cent alcohol wash dry with blotting paper and
stan (b) 11 2 saturated watery solution of methylene blue for
thirty seconds to one minute
This is a ueful and simple method for studying the wxdo
plnl and brsophil reactions of granules
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Safranim —{(g) Safranie O ( soluble in water ) The
sutl st b beated up to sinty t ephty & rees € and
sul equenthy filterrd  (b) 3 aturatd alcoh e s duticn of
safranm s duble il hol £ ke (1) and (b) partes acgu iles
Stan Fr bue to ten nnutes rles
5 IThrlichs I'rrad
U Thricks  Huemat syhin Fosin~—Hiemnt)xvhn  hy
grimmes  teetie 1ad twenty grunmes 1kehel one hundred
primm s gl oentne ¢ hundred pranunes  witer one
hundeed jrunme Al w tle to npen { r 1 m nth i the
sun then adleosn t th extent ¢f one per cent  staun for
tweaty Durhcar The  lution o best got reah rade

SIUBIITY 0F STANS

of aturated alc It b methvlene blue Ontuns
oof% grammes of the \un
ce [ waturited queou methylene blie o ntims
olfy ¢ramm ¢ the stan
10 ¢ of atunted adewh s gentinn viclet ¢ ntun
o grmm s ofth  tup
1ee of qtur d 1que u g phany fet ntun 017y
swm s ol th tun
wee f duritd b b fuelso (buie) contuns
¢ 5 grumme fth tan
tree fatunat T ou wsfe hmdna 1 otun o #¢
srumues o th o tun (H whay
Lafliers Methvln e wturat 12l hol
m tlnl ne blo
o forpr ot b g o1sh
Orbmiy Metinden Blie—\wtorat 141 h b wlua n
1osed 1o the st (b ad afes deopnoadd Eeouwateh gl
ful f wat v 2« rdmat trenthrequr d rtenper ent
solutlon 1 U cnvenwnt trengtl
Borve Methal 1 Rhe (bl ) =S turt Tagienu To
tion of methvlene blue 1 eots Our jart b rax bve per ent
sfuticn sivt enpart sater Toety port
h umevn csars o tunmg e bet ulg 1 by the
Wrearmee of the il 41 wes

Tr StF S1as

v Himatm f) sdy—Stua {1 ot b ommote
e rhing, b g e fthe wlinn Senon 2n
cadiv v ntan 1 Lunz afpe osan vith nopereent
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alum solution Counterstain if required with a weak watery
solution of eosin one haif to one per cent  or the sections
may be stained fisst with a strong eosin solution five to one
hundred per cent for five to twenty miutes  Combimahon
of eosin and methylene blue can be used 1n a stilar way

2 Alwm Carmine —Carmine two grammes alum five
grammes  water oue hundred cc  Boil together  Filter
Does not overstain

3 Ehvlich DBiondi—Saturated  aqueous  solution of
cubin s four parts oringe g seven parts methylene green
eight parts  Dilute fifty to one hundred tunes before using
Stan for twenty four hours  Wash in alcohol  The sections
m7y before stuning be treated with acetic acid (two parts in
one thousand of water) for a few hours

Iron Reaction (HaEMOSIDERIN) 1v MaLARIAL TISSUES

1 Fixin alcohol
2 [wo per cent 1queous solution of potassium ferro
cyamde five to twenty minutes
Acid alcohol (HC! one part seventy percent alcohol,
one hundred parts) five to ten munutes
4 Wash i water
5 Counterstan with alum carmine

STAINING or Amoesa Cori N Tissues
{MiLLORY AND WRIGHT)
1 Fixan alcohol
Saturated aqueous solutions of thionin three to five
minutes
3 Two per cent solution of oxalc 1cid one half to one
minute
4 Washn water
5 Dehydrate in 1lcohol
6 Clein in oleum ortganum cretict
7 Wash n xyol
8  Balsam
Nucler of the Amoebae are brownish red the nucler of the
mastzellen are blue

WEIGHTS AND MEASURES FTC
1 Comersion from one temperature scale to another—
c R _ F

5%
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Thus ta convert 1o T to centygide—
oG — C

= = C = 377

J)
- _Formula for dilution of Solutr ns —~1he number of parts
srquirel to didute from e part of a solutim of strength x per

cent 15 snoth 1 strongth 3 per cent n’\' -1
fhu to dilute 1 satution from 23 per ent to 5 poecent 2dd
to exch velume of y futun &~ 1= 3 f gl e diduting Aug

3 Approvumate § alues —

5 cubic centimets = 17 numm T = 5

100 =3 umt 4 dochon o mimos
1 dmehm = 3550

tooo cubic Centim tre = 1,6 pints ¢ flud sume =

4 htres — 7 pmts 1 pmt = s ee

Toormme = 3y pthoprams (vowduy V) 1 grun
(a\ urduj o] = Ct 48 grummes

thal frame = pound 3 wres N gnm | ar

dupoist 1 dr chin = 17, grimmnes
shicgrmmes — 1 peund 1 7 = 3% 35 pramme
Tgrunapotheene  « ® g4 aeunny
U drachm apothecane 5 = ¢ R% gramm »
1 ounce ipothecaries 3 = 314 LT mune

154 grun apcthecanes 1 Lrumm
3 1 onflmetre = o033 (W) mihes Tmh oo,
centumetre
Yeomsmetre = 3 (divhe  avmb o~ < 33 mlh
netre

vmetre = 3 Sfeet 1 anch = § miifan e
de millimitre 1) = ooy inches

su #n mch "= van hes
= 314159
Gireumferen s frarcle = wr = md

Arerof arle = v

- TIST O AL1ARAIEYD < d

1 ABeckmuer moope 1 lydingoil immersion & 131 o

1 (haslde §3x1 gromdedges pergros o 3 6

¥S1 3 @ e Dbk prte ! hit powtth
bomosopy Ve oquettong thetr peo
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Cover glasses No 1 3in }oz

Strught surgical needles for making blood
films and dissecting } doz (\Jenss & Co
Oxford Street)

Stoppered jus (4) 13 \ 74 centimetres

Porcelun dishes squre flat 1 doz

Specimen tubes {lat bottomed corhed 3

x i 50
Slide box to hold 25 shding cardborrd
Measures 100 cc and 10 ccC
Drop bottle for \ylol (a toothpich 1nserted

into the corh of a spectmen tube serves

the purpose)
Cedarwood o1l bottle (a pin tn the cork of 2
pecimen  tube mahkes 2 convement
dropper for the o1l)
A Prmus paraffin burner for boiling ete

STAINS EIC

Romanowskv —Methylene blue pure medical
10 grammes or in soloids
Foun B A 10 grammes or mm solowds
Sodium carbonate pure 1 0z

Leishmanns Stain—(a) In_ soloids  (Bur
roughs Wellcome & Co ) == 0 15 yramme
Dissolse in 10 cc of methyl alcohol (or
methylated spartt)

Hrematin 5 grammes
Alum 1 0/

Absolute 1lcohol 1lb

Nyol 1lb

Paraffin wax melung pemts 50 L and 6o C

1lb 2 6d  11b 3s

ADDITIONAL APIARATUS

A mechanical stage fiting on ta the stage
(not the column) of the microscope

Browming s pocl et spectroscope mdispensable
for urine work 1n blachwater fever ete.

coo o
aw

cao °o ooo
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FOR MOSQUITO COITECTION

A lens (the lens of an eye pece of the miro
COPE SPrves 1 \\e\l%

Silver pins No 20 § oz

Tntomological pins 1k i long 1 oz

Cardborrd (fine Bri tnl board) 4 sheet

Specimen tubes flat carhed each about

Tl boves

A dussecting bowd 1~ x 3 balf covered
wath black half with whate pajer (made
by seff)

Supplied by Messys C Baker L Co Lonin

t oY

ocooo

s

000
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A
Abdomen of 11y 2e 33
Abdomen of mo quitoe 1 /x
Acartomyra 3
chromaticusvesp rugmis 3 T
Aedeamyina T4

Aedeomy ta 151
es 1%
Acdintorphus 1%

estnuation of luophelmr 1,
Alrica Anophelma of

African corst fever 31
Africa quartanpara iteain B8
Ao 300
Albuminuria in malana 283
Aleohol a fixatne X

Ucohol to dely deate 47
Aldvichiy genue 146 b
AL ervor b
Alum carmine X\
Amblonma

310
Amenca inmophelmrf oS
Amccha Cols stummg XV

Ammonin as Liaade “3
Amphageny b
Lnopheles rttitude of €3
Fenu 1S5 1%
na 7477 1
nympha 3

the male
un pott dw s (

A antleny
algeriensis 3 );
befurcatus 1
Cru rms 14t

Lics i

1 tmma ulatus
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ma ulsp wnts
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pseudo pun tip nm
pun tapams
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e d f
theht
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Anophelina relation tocol
our of
stlivary glands
of 119

seales of 186
semsonl prev
alence of 10

species differ
entiation of 188

wing of 1€q
wild I
Antennae anst1 of 350
oflava  8-29
of mosquutoes 164
Aphansptera Vi
Apomomma 339
Apparatu list of XViL
Avgas 341
Avgasidae 335 330
Ansta of antennn 3,
Avmigeres 177
Arvibal.agra genus 185 199
maculipes 00
Artiliaal appearanc s
Austrahia Anophelsna of 04
Avian filanae
B
Basophil staiming 6
Pats parasites jo
Becwarimy1a 351
Bile pigments 1 unne 25%
PBilifubin 1n vnne Ng

Bud feeding experiments
10

on
flaviae 10 374
parsites 1 314
to feed mosquitnes
on 101
Plack spores 317
Blackwater fever 1nd quin
me 30

blood 1 ~T 309

Blachwater fever hadn 3¢
n 3r

teucocytes m 303
Methiemo

globm Sy
parasttes ;v 308
pigment i 304
post mortem

changes 31
unne 1n t
urobhmuny

n 3u

Blepharcceridae 1

Blood annemic 5
o

dust
films dry to pie
e

pare
films to e<apune 3
films to fix 8seq
films to label  6seq
films tostun
films wet to pre
e 5
fixatives for AN
wuacum test for Sy

Heller s test for LN
1n blachwater fever

t 309
1soteree pont of St

normal constituents 17
spectroscopic test

for
suching flies it
to exanmne for Tt
ary
to examune for Try
panosontes 3
Boophitus 338
Botan methy lene blue NV
Bot flies 3
Bracht myia 1%
Brachyrera I

Breedingoutof mosquiloes 157




Tnai
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Dendromyia 18
Dermacento 338

rveticulatus 330
Dermatobra A}
D stordea

.

Dilution formuls for N4t
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