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Receiitly the World Health Organization has prepared kits and 
described a field procclure for checking the possible occurtrence off insecti
cide resistance in lai-vae or adults of variols timosqtitoes. The kits are 
available from the Division of Anviroiinniental Sanitatioin of WJlO and 
adult kits will be furniisled gratis unless demands are t io high while 
the larvae kits wvill be available at a nominal cost. 

The larvae test kits contain carefully prereled hll l concentrates 
of DJ)T, dieldrin and 1311C and pernit rapid prelparatiiin of a series of test 
co ncentratiotis for the larval studies. The adult kits coniitain tbies fi. 
holding the ilmosquitoes prior to and after expsiil'e to itsecticide -esidtles 
and tubes fior nse dtring the exposure periil. The test residtes Of varii t; 

concelnttrion11s of )iDT or dieldrin are in the fo'rm of Risella-oil im
pregnated lpers conmmerciallV prepared in Switzerland..All equipmIent 
needed filr- the tests is included inl the kit which is about the ,;ize (of aI 
snall suitcase. 

With these kits a base line respnse iif a given popullation of l!is

q(titi .es is established in tlie field. By nieans of stibsequent routine tests 
ail\. cianges inl the l lationi response to, the insecticide cal be detected. 
With ia 1ase lie iroperly blitained the investigatiir can eliminate or 
accelit physioihogical resistance to the insecticide as a pissilile cause of 

cillt li faihllIi es. Ill additionl tile I a.se lilIe anld sttl sequentt tests provide 
estimates as to tl pissibilitiesi if insecticide resistaice appearing ii 
tle iqerational 1pro grami. TIhe Iir'esetnt 1iaiper discusses the type of restills 
obtained with tile adult testing 1kit ill studies with 1illboratory" and field 
)iipopuiat iotn; of Vari tis m s iti es. 

Evalunatiots with lalioratory strains of miosqutitoes shw'ed essetttiallv 
straight line lg dosage - prlit mortality relatioisltips. i tests with 
field strains however the straight line relatihnsltip was not alv-i"s present. 

but rather S-shaped curves appeared with at central plateat! in which there 
was not an increase ill iiortalit v with increases in thisage. Tests with the 
Savanliah laliiratiri" straitt if ..lnophI's quadrimaciuhi tis ttsintg iin
pregnated papers ,'.th dieldmiti concentrations (of 0.1. 0.2. 0.4. 0.3 and 
1.6 per'cent gave mortalities of 8. 0. 20. 100 and 100 pe.'ent respectively. 
Tlhese Values plotted as a log dosage - iirobit iortalitv graph illtstrate 
a straight line resioiise with a very stem) slope indicatiing a high degree 
of 1 .oogeneity tests were vithin the laboratory strain. Comparable tade 
tle i.vnah field strain of A. quadrimacdatius and dieldrin cnncenrations 
-,f 0.1. 0.2. 0.4. 0.8. 1.6. 3.2 and 4.0 percent gave i rtalities of 44. 64. 

75. 78. 80. 197 and 94 percent res1ectively. When the Io dosage - probit 
mortality is plotted for these Values an S-shaped curve is encountered in 
which a plaleat response or essentially no increase in mortality occurred 

IFrom the Cornmnricable Disease Cetitr, Bureau of State Services, Public Health 
Service, U. S. Department of Health. Education. antd Welfare, Savannah, Georgia. 



130 
T Ii ANNUAL MEETINGPROCEEDINGS oF FORTY-FIFr

the values for 0.4 and 1.6 percent dieldrin and then the curve
between 
started to swing up again. 

for different types of response, the dif-
In proposing reasons these 

ferences between field populations and laboratory populations of mosquitoes 
an insectary colony

nmust be considered. A mosquito population from 

reared by a standard technique tends to bccmne homogeneous. This selec

occurs because all of tile population, all of the 
tion toward honilgencity 

same conditions. \Vhen held 
individuals ill the strain, are reared in the 

selected bytile individuals are still
free from any insecticide exposure 

are used ;s a 
ither factors in tie rearing tcclnique. \Vhen inse ticides 

selecti ii factor, each individual nav be exposed to the same chance of 

In this way" the next generation is produced by 
cOi tacling insecticides. 

oif vh , have had similar exposures. l tie l populations,
adult,, all 

nit generally exist. Many individuals
hIi' ever. such circumstances do 

stile selection, Others may 
itlaV .)C CxlpOSed ti) inisecticides an d undergo 

yet these two segmtents of a popu
c, mi hitely escape insecticide contacts, 

pIoduce the next generation. In this way
litiil combinc in the field to 

nImay appear in
with regard to insecticide resistance

IIIixd 1,,pllatiols 
the field. 

-- p niit mortality relationship assumes
The straight line hig (Iosage 1i

making up tie population differthe individualspopulations in which 
so that there is vro break in the 

Iy just small dlegrees frmiine another 
is character

line of respt use to the insecticide. Insecticidal resistance a 

istic however in which the resistant individuals may differ from the siscept

individuial., by a d gree tif cinsiderable magnitude. When part of a 
il e 

(,f resistant individuals, and part of susceptihle
test polplati'm illsist., 

(if tile populationlie al area ill tie response curve
individuals, there may 

then break ineliminated and a 
where all susceptible individuals are 


resistant individuals start to le affected.

respoinse until the 

mdel assumies a field population con-
The fOlt\ing mathematical 

sistilg Of two segniltnls. one susceptibile, the other resistant. The susceptible 
dosagesline mortality response to

tile ftillowing straightsegment shws 
0.4. 0.8. 1.6 and 3.2 percent concentrations. namely 4. 

tf 0.05, 0.1. 0.2. 
100 and 100 percent mwrtalities respectively. The resistant 

56, 97. 100 100. 
segment likewise shows a straight line mortality response of 0. 0. 0. 1. 

the above concentrapercent mortalities respectively to
34. 93 and 100 

percent susceptible - 20 percent
titins. With a mixed popullation of 80 

87. 09 and 
resktanlt individuals the response would be 4. 46. 78, 81. 


100 percent mortality for the abtve concentratioils. In the interval between
 

0.2 and 0.8 percent concentration there is less mortality response and then 

the resistant segment o-f the population begins to be affected. This produces 

S-shaped curve, the flattened area occurring essentially at the mortality 
an tile popiof susceptible individuals in 
level comparable to the percentage 
lationl. 

tIn order to denionstrate thts in tile laboratory two strains of A. 
used as a laboratory strain, suscentible to dieldrin 

quadrnnaCulatuswere 
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alld a lild straiii ill which 95 percent of the individuals slhived a marked 
dieldrin resistance. With exposure to dieldrin concentrations of 0.1, 0.2, 
0.4. 0.8, 1.6, 3.2 and 4.0 percent the susceptible strain gave 8, 0, 20, 100. 
100, 100 and 100 percent mortalities and the resistant strain gave 4, 5, 4, 
3, 4, 4, antd 4 oercent it iralities respectively. AIixtures (If these two 
strailils were miade illI hig cage atn(1 ratiti sampliliies w\ere renovedl 
ftir resistance evaluations. With a strain mixture (If 80 percent susceptible 

- 20 perient resistant the mrtality' values were 0, 0. 15. 79. 83. 80 and 
85 perceit reslectively ti)ilhealbiVe ci Ill1el;itatll I slhw)\Vit Iga platcan at 
the 80 perceIlt level. \Vith a strain mixture if 40 ptrcetn susceptible 
60 percent resistant the mortality values were I. 7. 21. 51. 54, 45 and 
46 percent reslpecti velv, showigi plate.U respotinse at ti( 5) percent 

level. 
Tlle resi.SlnlICe levels (of fiehl lmpuilati itis ia*y he further complicated 

blydisptersil patterls (ifa given1t species since th ailtults reproducing tile 
IIntxgetteratiII illa stIldV rea Ilay represelt ill,ividluals leveliipeid within 
tlh stulhv alea ci nlibiied with adults migratinig frtiil areas ithil Imtie flight 
ranlge (iftle stldly area. As hlg as ili) ctiitrl tcctirs, tht' adtllts migrating 
iti tithe stndV area llay nit differ tnarkeihlv fri,1 ii ,ise lea'ilg the s ,.lv 
are'a. No, cimtril miiay lie apldied in tihe study area liut if within ,ie 

flight range insetIeicide selecLtiIll is toccurring tl a 1pilulatioln then the 
insects iivailding the artea be fri)i tliie leaving thestudy illa\' differelt 
ar:'i'. The result illthc stutd area is a1illixetd p pilati, n witlh eggs fir 
the next geeratiii c(,ililg frimi adults under lii selectiiti ;litl fritil 
ailits whit Ihave 1t'e seletetIC. 

Ill leterttllillitig the base- fle fiti' a field strain iif ('ul'." fiali'allil using 
2 ' hiur exp)sures to,ci ieentratiins ,f(0.2. t0.4. 0.8. 1.6. 3.2 and 4.0 

percent dieldrin tlc ftlhmwing mortality values wvere t6tained': 13. 25, 

54. 44. 45 and 52 percent respectively. The presence rif the plateau 
resplse at the 50 percent iirtitalitv level indicated that fuirther selectitin 
wvith dieldril wld h result illa highly resistant strail f the species. I\ 

iiicreasigL the Xl sueeiid ti 6 I'.mrs anld the dieldin to-8 percentIg 
concentratii i 80 percent intrtality w\as obtained, in the initial parent 
selectitin. Sn rvi vcrs wvere mated aild tlie F., F:i and F. generatiotis have 

given mortalities of 44. 26 and 16 percent relctively using 6 hour ex

li silres ti tlit, S perclit diehhitin conciiteratitill. 
Ill stutlltllarv tests with a field kit for deteritlilling possible insecticide 

resistance in adtilt mosquitoes hawe resulted illtwo types oif base lines (a) 

straight line ig dosage -- probit mortality valties and (h) S-shaped 
Culrves for 1ig dosage -- prbit inortalitY values. The latter tvp iliay 

have a plateau interval in which mortalit.." dies not increase vith increased 
dsages. This may indicate ,ixel ptplatints of susceptible anid insecticide 

resistanit individuals. 


