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NOTES ON MALARIA IN MYSORE STATE:®
Part 1.

OF MYSORE STATF.

e

WO SWEET, mee. wi. vrer
iConsnitant i Health. Gorecnment. of Mysore State.)

Sy 15, 1988 1

Tx Part T of this report u deseription was given of hree statinns chosen
for intensive stdy of malria as 3t exists in Mysore State. These three stations
aro as follaws :—

1. The Nagemhalli nrea in My<ore Distriet, three miles from Mysore Clty.

2. Mudigore Town arca in Kndur District.

3. Hirivur Town area in Chitaldrug District

Work bezan in the first of theee arcas on 151 October, 1928, In the scenad
in December. 1928, sl in the third in Janary, 1929, Since those dates the
following auophelings have boen sientifiel from each station. Only  species
dentified as adubrs have been nehwded in the list, and specimens have ben

deposited in the museum of the Madarin Sucvey of Tadia,
crhalli arca
14 aconttan Dinite 1602 A hyeoans var i Giles, 1900,
A barbirestris van dor Wlp. 1884, 4. jpucxii Theobald.
AL enicifacivs. Giles, 1901 5. jeyporicusis James, 1902
. futiginoves Ciles, 1000, 4. tisfoni Liston, 1901,

FThe wotk ere reprtted Yo s with b T—
v ot Bk ok e Host oo of (v o o

dstion
The following changes in e have nase heen adapted by hi: Malasia Survey
of Tudia, in view of the seeent researchen of Chilstaphers and Edwacds
Correet e, Synanym,
@ A, onlar v Welp. 1851, 1. fuliginoses Giles, 1900
(> 4. eplendidus Koidmon, 1920, 1. e g ar. s Thech, 10
G A, freviatitis James, 1902 A Tistoni Lis

» N8 sy 6




664 Votes an Malaria in Mysore State.
A wedipadpis v indionsis A stuphousi Liston, 1901,
Theobakl, 190: A, subpirtus Cirassi,
4. pallicus Theabald, 1901 A tewsetlutis Theobald, 1901
4. phitippiveasis 1odlow. 1902, A turbii Liston., 1901

A vagns Dinitz, 1902

2. Mudigere area

A aconitus 1. meulatis Theobald, 1901
LA aithenii Jamsws, 1903 4. oweiipalpis var. indicnsis.
A barbirastis 4. i Young aml Majid, 1928,
A ubieifacics 5. minfmoes Theabidd, 1901
A fliginastes. 1. poltides.
AL Rreanus var. wigerrimes A plilippinensis.
A jamei i, ubpicties
A jeyporinsis, A tewslintos.

Kapirasi Tames. 1903, Atk
A encusphuas Dimitz., 1901 A vage
4. distoi A v Eyvngar, 1924

3. Hirivae ares
o aeonitis 4. minimus,
4. barbivostris. 1. paltidus.
A euicifarics. A, philippinensis.
A fuliginosus. A stophensi
A hyreanis var, migorvims A, subpictus
A jamesi A tesellatus
I Jm.gn.-m A, turkhd
A tistom A. vegus.
A nmruhnahm var. indiensi. A varna.

f the 22 species here noter, thirteen had been reported from variaus parts
of the Stale provious to 1928, A larva identified a4, dnsutac-forune was canghit
i the Mushiere area but as it failed to develop further it was not included in
the it Sinee then, similar larve caught in the sesten purt o the Hassan
Distriet develuped into adults wad were identificd as . insuli forwn.  This
species might. eomsesently, be. incduded i the seport e anophelines of

Mysore.

SEASONAL OCCURRENCE OF AROPHELINES.
From the caiches of lurcal and adult snophe the thee stations
(during 1928 and 1920 in the Nugenhalli area, 1929 in the Mudigere area, and
1820 and 1230 in the Hiriyur arcal, it was possible to deax conclusions as to
the seasonnl occurrence of the anopheline specics in Mysore. The same theeo
groups of montbs as those nsed in Part I of this report were used for this
purpose. Table T shows the masimum seasonal prevalence of the specics caught
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in the three stations, this season being determined on the basis of both adult
and larval catches. Where blanks are left in the table, either the catches were
too small to allow of any conclusions or the species was not caught.

TaBLE 1.

Mazimum occurrence of anopheline species by the three groups of months* in
three study stations.

Species of anophelines. Nagenhalli Mudigere Hiriyur
: area. area. area.

aconilus .. .. .. 111 .. 111
aitkenti .. .. .. .. I ..
barbirostris .. .. 111 111 111
culicifacies .. .. II I IT and III
Juliginosus .. .. I I 1I
hyreanus .. . .. 111 111 ) ..
jamesii .. .. .. 111 1I 11
jeyporiensts .. .. 111 I and II I and III
karwary .. .. .. IT and III ..
leucosphyrus .. .. . I and II ..
listoniz ¥ .. .. .. IT and III I 111
maculatus .. .. .. I ..
maculipalpis var. indiensis .. : 1I I 111
majidi .. B . .. 1 ..
pallidus .. .. .. 1 1 I
philippinensis .. . I 1II .
stephenst .. .. .. I .. III
subpictus .. .. - I and II I I
tessellatus . . I 111 © I and III
turkhudi .. .. .. I .. . I
vagus .. e e II and III I I and 11

*Group 1. TFebruary, March, April, May.
Group II. June, July, August, September.
Group III. October, November, December, January.
+ Under lLstonit are included minimus and waruna, as at the time of these collections
the three species were not adequately distinguished.

With the exception of nine species, the seasonal occurrence of the species
of anophelines was in agreement in the three stations. As far as could be
determined from the data available, the differences were real in the case of
culicifactes, fuliginosus, jamesii, jeyporiensis, listonii and vagus. A. maculipalpis
var. indiensts was rarely caught in any station; stephensi was rare in Nagenhalli
and absent in Mudigere; tessellatus was rarely caught in Nagenhalli and
Mudigere. It is of special interest to note that both culicifacies and the
listondi- groups had their maximum occurrence in the Mudigere area in the
months of group I, in contrast to their occurrence in the other two stations.
The breeding habits of the species reported were not essentially different from
those recorded in other parts of India, so they have not been discussed again.
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RESULTS OF DISSECTIONS OF ANOPHELINES.

In each of the three study areas certain houses and cattle-sheds, and com-
binations of them, were selected as catching stations. These were visited twice
a week and adult anophelines caught. Anophelines captured were preserved in
lamp chimneys and all females were dissected, sometimes after 60 hours but
more often after 72 hours. A report published in 1931 gave the results of the
dissections done previous to 31st December, 1930 (Sweet and Rao, 1931). In
that report dissections of 31,277 mosquitoes were listed, of which eleven speci-
mens were found infected. Three of these were gut infections and eight were
gland infections. The species found infected were A. culicifacies, the listonii
group (A. listonii, A. minimus or A. varuna), and A. stephensi. Since January,
1931 dissections have been made at various times of the year in both epidemic and
endemic areas. The report of these additional dissections will be deferred until
the data are more complete, but it may be stated here that no other species of
anophelines have been found infected. It seems fair to assume, under these
circumstances, that the dangerous species of anophclines in Mysore State, as
far as malaria. is concerned, are A. culicifacies, A. stephensi and either one,
two or all of the listonii group (A. listonii, A. minimus and A. varuna).

Of the eleven infected mosquitoes previously reported, six were found in
the regular study areas and five during epidemies in various other parts of
the State. Infected anophelines were reported from the Nagenhalli area in
April (3) and August (1); from the Hiriyur area in September (2). Since
that report, further infections have been found in the Nagenhalli area in March
and April, the Mudigere area in May and the Hiriyur area in December.
Infected mosquitoes reported from epidemic areas have been found in June,
August, October and November.

OCCURRENCE OF DANGEROUS ANOPHELINES.

Before control work began, the catches of females of the dangerous
anopheline species in the selected catching stations of the Nagenhalli area
were 5,013; in the Mudigere area, 325; in the Hiriyur area (two full years),
18,712. The incidence of these catches by species, and by the three groups of
months previously used, is given in Table II. In the Nagenhalli area just
under half of the total catch of females of the dangerous species was in the
months of group II, and just over a quarter in the months of group ITI. About
65 per cent of the total catch of females of these species in the Mudigere area
was in the months of group I, while in the Hiriyur area 57 per cent of the
catch was in the months of group ITI and one-third in the months of group II.

Of the catching stations selected in the three study areas, the great
majority were combined dwellings and cattle-sheds, due to the living habits of
the people of the State. It was not possible, in such stations, to separate the
catches with any degree of assumed accuracy. However, a few of the stations
gelected could be classified as more or less pure dwellings, and a few more as
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Tawur 11
Seasonal occurreace of catckes of frmales of the dangerous species of anophelines.
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pure cattlessheds. Al O eatehies made were accordingly chssified as to type
of sourve, combinced honse and cattle-shed, house, and cattle-shed.  For the
figures in he following discussion, he catehes in eombined ouse ad eattle-
shed station~ woe nol wnsilesed. [t was not found |mcthc dunng
this study (o fhe sonrce of the blood meal in che ston
mosquitoes gt Since (his o 50, i Wi thought thet the rebtos and
absolute ocencremve in howse eatehes of females of the dangerons specics, and
of otler species, wight give sone slight indivations of hubits which would
possibly prove of imterest. Alhough the many sourecs of HT
comideralion of dats v recomned i vas Sought worth whie 1o ieluds
some discussion of this wspect of the eatehes

The faures fur catedis i pore houses sl eaitlo-sheds vere analysed to
show the total numbers of damgerons specics, and other
species, as well e {he pereentazes of these fofals canght in huuses. A second
analysts was made of {he totad mumber of anophelines caught i pure house
anl the percenties of these tatals which were of the dangerous spevics.
Tables TIL, TV s ¥ ive Ohese figures, for the theee groups of wonthe, in
the Nagenbialii, Muligere and the Hirignr awas. 1t should be mentioned that
the lata useid S the st of these 650 analyses were arranged in the form of
fonrtold tubles amil tested by ehisyuare, Ve parts of the tables wore numbers
of females af dungerons specics eaught i fa) hotses and (b} zattle-sheds and
the same figures for fendes of other specics. Wheeever the tio correspnding
purcentages (those of catehes of dangerons specics and other species of the
first part. af Tables [, TV aml V axe significantly differcnt. irom cach other,

we
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the fourfold ehi-square tests were also significant. The details of these tests
hiave not been reproduced here in order ta suve space.
Tapvr TIL

Oceurine of fomsle mophlies of dangeraus specio i oo of e
Nagenhatfi area.
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3 total of 1507 female anophelines of dangeronws species cavght in
Touses and euttle-shedds of the Nogenhalli avea, 44 o 048 jor cent were caught
in honses. The corresponding pereentage for fenades of olher species of
anophelines was 48 s 0-4. These pereentages for ali months were not signi-
ficantly dfferent. The two coreesponditye perccntages for the months of
group 1 were ado not wignificantly different, In the manthe of gromp 11
however, o significantly greater perceutage of the tatal cateh of fom

of other speeies was caught in howscs than thac of females of the
dungerous species.  This relationship wax reversed o the months of
group T1L, when « siguificantly higher percentage of the total eatel of females
of the dutgerous specios was canght in howes than was the exse for female
of othier specios. From the second part of the wnalysis, 3t was fomnd that
5 = 4.2 per cont of the sotal house eatches during the months of group I11
were fomades of the so-cald dangerous specics, a pereentage dhat was signis
fieantly bighr than the coveesponding pereentages for the mondhs of grong ¥
and 11 It was probable, then. that oly i the moaths of growp 111 in the
Nageahalli area il females of the dangerous speeies seem more kely to seek
out houses than females of other species, and that in tese months sometbing
over alf of the konse catehes wrre of the dangerous species.
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Tan T,

Oceurrence of female anophetines of the damgerans species in houses of the
Mvdigere arca
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Tu the Mudigere aren, from the figures of Table TV, it ws probable that
in the months of groups 1 and T1 frmtdes of the dangerons speeies were move
Tsonk ¥
Orcurrcnec of female anophelines of dungerous specics in hoses of the
iriyur arca
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likely to be found in houses than were females of other specics, and that the
highest percantage of house eatehes of the dangerous species was in the months
of group L Even in thess months this percentage was Tow due to the small
total enteh of females of the dangereus speeics.

Comsidering: the figues for the Hivigur ares, given in Table V, there did
not seetu 1o be any difiercnce in the ehoice of honses us resting places between
females of e dangerous specics und of ofher speeics. “There was some indi-
caton, whien ths ones (of 4 months ero considoned, hat femalos of orher
spories were slightly more likely to be found in houser. Iowever, in the months
of gronps 10 and HI ¢ Ali of the tofal house eatches were fomales

of the dangerous specics,

RELATIONS OF ANOPHELINE CATCHES.
A has been stated, znophelines were caught at certain selected
el of the ares, the vatches being on o tme basis. For deterniining, if
Dossible, any relations between these anophieline cacches and adier factors

ations in

TapLe VI

Averuge eutel of anophelines por catehing station per month in three study arcas
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studicd, it was thought best to use the average catch per station per wonth
The figures for these average catches, for anophelines of the dangerous spoties
ane for anophelincs o uiler species are given 3n Tuble VI
Under the section on * Relations of Parasite Rates”, in Part T of this report,
» remarks were made eoncorning the corvelutivn set up ot the date
available, It was stated that thuse remarks apply also to the correlutions of
this part of the report, they will therciore not be repeated here, Table VIE
gives the corlfieients of correlation for those corrclations found to e of interest
in conneetion with the anapheline deta, A« in Paxt T the probable errors of the
coeficients were omitted, as they were of liitle value in judging significance due
to the sl nimber of pair of oheorvations

Taote VIL
ertain of the cocflicients of corvclation obiained with the data on average catch
of anophelines per catching station per manth

Cocreations. et Nogahulli' Mydigore Ilitiyur
iz eaeh of dcrns ool md e+ U5 06 0%
i ke gt
A et of i anopheling nd man —090 | —i8e — a0
i

Avurige citeh of dngerons snnpheline o g
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The average catehes of anophelines of dangerous and other species were
not. signifieantly od in any station. The coelicienis were positive in
sign in the Nagenballi and Tiriyur arews but negative in the Mudigere area,
In the former twa arcas the coeficients of (he correlations, belween average
anaphelines anid the monthly purasite rates,
o, whereas 3 the Mudigere are one was positive and
e athee mtive, - udial by thens thiee et of corsohuions, fhe gt of 8
the cotrelations of Table Y11 above, and of Table N¥IT of Pact 1, were correet
with the esecption of oue ai the Nugenhalli area correlations. The corelation
conffcient it this arca, hetween the average eatel of other apophielines and the
average 8 i humidity. bad a negative S, whereas it shoull have been
positive i g (0 e widh dhe sigas of the otber conclations. - No expla-
o v muml for ihis diserepaney
0 Muligers there was w definite negative association between
the average cateh por station per month of aophelines of the specis ot con-
eerons il the average wonthly wcan tenperatures, With o one
a definite positive o ion of
a The
satie correlagions (i nat vichl significant cueflicients i the other two arens.
fu no area wow the eoreelatiuns sigificant between the average  catehes of
nonlangerone anopelines sl e monthl pasaeire
The average etteh per station per wonth of anophelines, considercil as

entelies of dangerous il oth

were all negative in

sidored 6
manth Tag of the averaze eate
these catehes with the averye 8 wm. rclative_bndites i that ave

s, there

possible nmmun s, Dl
perainze ¢ Hirigir
8 am, humnlm in tie Nagenbialli and Hiciyue ane:
the same Kinds 3 the theee areas wore not s

gnifieant wegaive earrelation with the mean
tion with (e average
Other correlations of

i  yoitie curne

o
ert v 1 st et conslation between e et of dngorns
anophelines and the parasite rates in any sea. When an attempt was maie
o allow Jor the incubation period of malaria, both fn the msquito and i man,
by introducing o wontls L of the parasite rates i the eonelations, the

i Thav s, the pacasite rate of

corficients were afl fumnd ' he
February was ] wih (e average cateh of fanuany. sl so on throogh the
Tnenehly e availabie, This sguifican coreelation was positive in sign in
the Mudigere aren anl nvgative in i i the Xagodwll a1

A was el previowsly, the auophelioes of e dangerons <pey

considerel 1o b A eulivifacics. he listonit groun istonii, minimus and varuna),
and A, stephensi. dn the Nogenkalli figwes there was a def

varrelation between the jussite rafes, with a b of one manth, al the average
ately pet station per il of oo pive Tsboni o bt o between
ze catel of

nite egative

cither sef of ratehes b, el the parasice s
stephensi 1lid ot correlate with the pavusite vates and gave a positive coelicient
For the Mudigere area btk the ehes ol eudicifucies and of the
tistonii gronp were sgviticamly correlated with the paeasiic: eates: sdephensi
ot cavight in this v, The only sgnifieant correlation with the parasite

e
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rates of the Tiiriyur aren was thut with mdicifacies, the cocficient being negative

.

If these cornelations express a true relationsbip. the bigher parasite rates
in the Nagenhalli and Hiriyur
fawer huniditics and higher mean_ tempeatures and with the lower eatches
of dangerous anophelines.  In the Nugenhalli arca the relationship will be with
catehes of both eddicifacics and mosguitovs of the bstorii group, while in
Hirivur it will be with enficifacics only. Tn the Muligere area the higher
Parasite rates will be in the months with the highee rainalls, and with the bigher
catehes of cuficifacies and the listondi group.

The average mean temperature for the Nagewhalli avea, of the months of
group 1 (February, Maveh, April and May), was 80 and the lunidity s
70 per cent while but. 24 per eent of the total eatch of culicifacies and tistonii
group were caught i tiwese months. Dueing the moaths of group T11 (October,
Novewber, Decermber and Jamwary). the average mean tetaperatize was 767,
e humidity 79 per cent. 1the hightst of the thrve groups of montls), aid the
per cent of the lotal cateh was 27. 1t was, however, during the mondls of
group 111 that femsles of the dangerons specics wore wmore JHkely to be ¢
in dwellings than females of aher specivs. atd i these wonths that over
per cont of the etehes i dwe were of the dangerous speeies. To date,
adl but one of ihe iniceted mosquitocs reposted from hix area were found in
the monthis of growp L The swamary of the datn given in Part T stated
fhat ihe evilenee pointed (o @ malaria season i the wooths of group 11T,
Most of the evitence from the data on the anophelines would seem to favour
the months of group L It was sull ot possible, however, (o rule out the
months of gronp TIT as ot requiring control work.

In the Hiriyue are, the videnee from the earcckutions pointed to the
months of group I ax o malatia s  these were {he months of h.hm
wean temperature, lower iy and sl csieh of sulifacie st
this there was o evidenee that the dangerons anophelines favoured el

areas may be cxpected in the months with the

he

during these months, and the highest pereentize of bowse etches were dangerous
anophelines in the months of groups T and T Also, eqorts of infected
anéphelines irom this arex were i the months of September and Decenber
Consideringg the fintlings of Part 1, the conclusion s o & malarka
this area must be the same s for the Nagenhalli are

rezamibs Muigere, the manths of group T viekded abont 63 per cent of
the total catel of dangeron anaphelines amt the months of gronp 1T had ek
the higher everage rainfall, Females of the (Ln\::(rmh spocics were more likely
0 shelter i dwellings during the months of groups T and T1 than were other
fen aml il ighest pereentages of vatehes in decllings were of the
sangevous speeies during the manths of group T Tnfeeted wosquitors were

wn for

e Tahle XVHL Past 1, fur contait of e corselations apen hich i statements
e T,
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xeparted in May. There seemed to be no question, in agreement with Part T,
but that the molarks senzon in this area was within the st seven montls of
the year.

SUMMARY.

Part 10 i this report i @ study nf walari in Mysore Stare, South India,
deals with the anophelines. During the rourse of the study 22 species of
anophelines were identificd, of which I3 had been previously recorded. Based

atehes of both Jarvae and adults o bable was given reporting the seasonal
aecurence of these spreics

A previous report Ll given the results of disstetions of 31,277 mosquitoes,
of which aleven were found {o br infested.  Since that report further dissections
hal been made bt the teport, of the results of these additional dissections w
deferred. To datc infections had buen repurted in A audirifacirs, membe
of the Hstonit gonp (A, Hstoni, . wininus ov A. varena), and A, stephensi
These were eonsidernl the dangerous anophielives in My Tnteoted
mosquitoes were reported in che monhs of Mare, Apri, Angust,
September, October, November aml Deecmber from varions yvnh "o the Srote
utider ither endemie or epideniic conditions.

A table i given Shawing the pereentage of danserous anophelines caught
during “m'c o of months in cack station. The figores shuw a variation
of the ace the between the Muligere area and e other twa
trent, T eches sere it n Febrary, Maseh St and
Ggronp 1) i the Mudigere aren o June, July, Awgust and Soptensbee gronp
11 in the Nagenballl arca: and 3 October, Novenber, Decensher wnd January
(gmoup 110 in the Hiriyur the \'.‘w.m,,u\ aren femalos of the
Qungerons spucics of anophelines weee moro Tikely to b canght in pure weling
o than were G of otbes sperio, only. i the sonthe of grouy T
Dusing thise months over 60 per eent of the dwellingshouse eatebes were of
e dumgerons specics. The <ame data for the Mudigere area implicated the
manths of greomps T and T I the Uieiyur aca theee was wo difiecches o die

apparent fomdness for houses hetween  the

dngeruts and other specics of
anophelines, but well over 60 per vent of the bouse catehes were of the
dengerous specics i the montls of groups 1L and KL
CoefBcicnts uf correlution obtained irowt fhe dea given iu Parts T and (1
of this report indieatel that the bigher parasiic rates of the Nageahalli and
¥ were likedy Lo be in, or just after, the months with the lower
Immuhnv, hvmwv' ancan fomperatuees and Yower ctches of damgeraus znophe-
e Mudigere arca the bights parasite rtes were wssociated with
the mmr .Amnm and the mum catelies of amnplilines of the dangeraus,
sprcics. The parasite rofes were not assacited with catedes of anophelines of
other than (e dangerous speeies in any station
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