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Resistance in Arthropods of Medical and
 
Veterinary Importance-1946-58
 

H. F. ScnOOF' 

le sisltantve to in.,eetivides amrong arthropods of publie 
health importance has shown a steady inerease since the 
initial report of resi~tant Mu.sca domestica L. and ( 'lex 

.mole|Iutilr'orskaol in 1947. In theI 196-58 period, the total 
imlber of Spevies repo rledt as Ihilysilogivally resistant to 
one or more pest itides was 46. Thirly of this nunmber repre-
sil'ld tonfirined cases, inhcldinig 2) s)eies oif tioslitois 
(9 malaria vvetors, 2 transmit ts of invil(hlilitis, one 
transmitter of yllow fever, and one vvelor of filariasis). 

remain sscepiile to chlorinatcd hydrovarbon insert ivids. 
()threr species in whicl physiologiv resistance has been (on
firmed are Pcdirlu.s humanus humaurs L., Blallella ger
malaica (L..), ('imx led ,larius L., C. hemiplerus (".), 
Glyptoleadip.paripecsEdwards, and C'licoides fureas 
(1)'my). BvIlavioristi. resistace to DDT is evident in A. 
llbiumoells (l'alulann), alld in tire I'nitvd States, .11. deitcs
lice has displayed similar resist anev to malatlhion bait ila 
few loalitii's. lHvsist ancv to both organophosplhorus nod 

In 195N, dieldrin resistanev was rve(ported for the initialchlorinated hydrocarbon insvticidis hts heen demon
linv in Anopheles elIiaim s Wivdvann (1l1 Salvatdr, strated ill.11. dleslica, C. piloria, G. perips, ('lex 
(1tat'ma , Nivaragua), A. pseidolmiclipciais TId alh iterstlis (,oqil., a Id Aetles/ ttyroacildis (ludliw). l)vspiv lhe 
(Mcxio), .til A. qi.salis ('urry (Trinidad). In vertain 
parts of El Falvaor and Nicaragua, A. alhi..arsals is 
resistant to DD'. Exvvp for resistrve il ('Ihrysomuyl 
ptorie (W\ied.) illtire BIgiani ( 'torgo, antd ill I'/recri,, 
cuprinat (Wird.) illAustralia, bhloi fly spvvies vontirllil' tor 

The rSistatee prollem illa'throplds of medi-
'nlanidi (ttri't ry inpi rl't tce ihts Itnr otte of 
increasing signiica e totil indi\idiilsltign 
itt the control of pests of mattt or tltltllls. Whell 
1)1DT first al)ppeared ill se itt 19-1i, Watptblict i 

innrease ill tht' magnitude of tire resistance prolem, marny 
spvies continue to rinai siseeitilih to D)DT and otler 
ldloriiaed hydrorvailon compntids evrn Ihough under 

reliattd 'xpiisnr I lhesi' trxivarnlls for pIriuds of 5 to 
10 y'ears. 

and that tire progrtmt wst directed toward the 
mosqtrito vector ottly. Ths tie issue of resist
ail(g!(- ill the ily poplahtion was avoided. For
I|tlltely, the latttria ittidvtee itt United States 
at liit l tit hid deelited to such it low level 

hiled Itit naet for insctl control, some 0op)- that i 't of tt l)erogt'amInOacce)tant

tinlistic Scientists e\eln Irmvllinling tit(, day had longer endhngered th lidsease situation. 
C O MI Iio rltillim,vv ivtlll(ls tlr(s S u cl Fr o mlld w{in it ia l ( w ell nr(vile v ofI'(P W h ell v t1 h aIs sis taltce.ill 
screT(Is lind sli la ioll volld h( abanldoned. 

'ltfortuatetly, ht illSome ays i'rt'ltltirt for 
iofmhg ist, arth rolm d s d id 

Irnic t Iit(, tirsl sign of' this atonic il' i ltntk. 
Ilstlead, ti* Sur'iv'orsofs ,grtlpedtllr i 

Owv(.1t m oiln' ellvnili lo 

l t 
of ftt re |ll.htills which i could It'nI agal, 

pieSeettdespite Owl, 'tti residual i st.id, 
lnce Such iopuh'lions elpiedit major rlt 

t'ectt1r1t1t Ctl'eot'l dititud4lities treStled. 
At first, such diiivulties tildly\vtvflyx-

ttlaitd leet{ result of inferior for lalitai r, o 
Spray tchniqui, iiratiolil ttttandr other O er'irors;
th e th ough t that th e hlo wly " blig " cm thl w\ith-

stalnd titr iStst.e.rti'i,,. dilittt "mirac h wa'is i .comlprehend. For exampl, ill tin, Unnitvd States, 

the residual housi spraying rogra for'malaria 
cnt rol %villi e l by r llli|-comlth
lies ill 194 61,p artly b)(ea ul ofits (,ff((!( oil houlsse, e 
tly' (AMissa domestira IL.)l)poiutatlionls. Altlimigh 

' ,,,mr. dom rstic a (\\ isuminn 194.7) and C'le xr 

pipii. molest.s Ittiskii (.Mtsit1947) ill19-17,
Ihv(p~ro own Stead ily d u r11ing tih mi~suhlvil h as gzr ( 

ing 11 Years. Titv tttthot' of t'(,sislin l)('ies has 
ttt('ttrngsd 11'il 3t i ir -i11i0i- 4t 

scstifilityt t' 

ties. tii ti tdiIllttttgrilhic ittrv 


ltav lost tivir ' r rhlin$ isi3$ti
ttl, ovvtilil 

il by i 't''d l' hasnsistntl iusth's t extnd,its 
Owttrability fvtliouts SnpvivsIto lertr with t 
tlleloif lsivi efis. 
ctr his dismission, itisBiftre (omtin.ing with 


dt'sirabe ti'dttii tlelor"rsistattr." As
int(-*'tl, ve , tilt, ill it is libilily of a rthro p od 

p. phltion to surviv e exposurel't dosages of ttlxi(,ll Ito whih it fo~rme(rly highlywa':s slis-


Celtir3h. This dhit itiulty tirrudrs a pil aiol 
whih Iievir dislayed a sseplilility to tillinsv e icidc.S uIch hlit ols h n ,I)t,(,llstrains { r I pliu 
collsititred byV soiv 1110h111's hbe IHlltilrRall)' to 


o.lly tlltdhwelling and sot;imes the p~riv'y \\t re isistanfltlornfrnactory to tt clhvinlnical inv'olh'ed.
 
ted , d isti o n wa s d e. it\v t 

11ild mnosqulito ctrtnlol obtlained't. lin19-17, w\hell 
rec uirrent re.p tr s lainmed thatt th(- treatnments 
were iiot s o)efftli\'e is ill 194 61,(the quick ex-
platnation| follow edqthat sulcce.ssful fly, control was 
not to Ibeexp)(,cthe( fro mnlhouse alplicatiollSialone, 

t re(a n ot n ceti mal b}( enl{h ,fly 

IFrom the (Oimnminicable IDiscam- C'enter, "i'{hnival D~evelop~ment 
lmiritoriem. Bureau tofstate,Servivem. Publiv lh-alth service. U. S.I)elmirttent (if andiWelfare, Savannah, Geo rgia.Health. Edu~ati,,,n. 

A lthlo ulgh itis tr u t ha t a nlyr e~sis t a ntlp op ~la tio n 
origilially emittlilledi a iiatllrallyv ,Sistalll ele;
nm nt, the de velopm t | o~fthis t..n t-lntto}the 
p~oint w here it b~e(conll(s the(t l l alitlCttllpotllell[ 

of the popltlionl is fie result of inlsectic'ide 

Seletion. 

TIwo distinct typ~es of resistance haveo b)en 

enleoftlinterle(|: 

Ph1ysiologic: The albility through physiologic 

http:Glyptoleadip.pa
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processes to withstand a toxicant 
after it has entered the body. 

Behavioristic: The ability through protective 
habits or behavior to avoid 
lethal contact with a toxicant. 

When the resistance problem is considered in toto, 
it is ol)vious that, with few exceptions, the 
difficulties experienced inl vector control have 
been the result of physiologic resistance. Conse-
quently, the major portion of the disctissioni re-
lates to that phase. 

PHYSIOLOGIC IE5ISAC.-'he growvth Of 
physiologic resistance in arthropods of medical 
importance during the period 1946-58 is depicted 
in figure 1. It is apparent that each year indicts 
0ne1' more ew species, ill some instances species 
which had lIei Iii(ler iisectieide treit nellt for 
many years without evidence of any loss ill stis-
ceptibility. Thus, in 1958, the cumulatie total 
of '1t species was reported as resistait.; of this
nimber, 30 represented species iii which the r-

sistaice was confirmed by laboratory or field 
tests. When confirmed cases of resistance are re-
late(i to geographic area, it is found that 16 
resistant species occur ill North America, twice 
as many s in lily other region. All of these 

50
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species occur ill the United States, a reflection 
presumably of the increased emphasis placed on 
chemical measures ill this country, as well as the 
greater effort expended in the detection of 
resistance. 

Mosquitoes.-Of the 30 species in which resist
ance ias been confirmed, 20 of these are mos
(juitoe., 9 being malaria vectors, 2 transmitters of 
encephalitis, 1 the transmitter of yellow fever, 
and 1 a vector of filariasis. (i an overall basis, 
the problem among malaria vectors has been of 
tile greatest concern to medical entomologists. 

UNITEID STATES: The resistant species ill the 
United States are Acdes dorsalis (Meigen) and 
.,ledes nigronaculis (Ludlow) (California); Aedes 
sllicitans (Walker) (Florida), Aedes laenioryn
chus (Wied.) (Florida, ('eorgia);A nophclesquadri
maculalus Say (Missisippi); Clex pipiens L. 
(Massachusetts); Ci'hx (tarsalis(Coq. (( alifornia, 
Oregon); Psorophora tonfinnis (Lynch Arribal
zaga); and Psoroploradiscolor('oq. (Mississippi). 

As early as 1948, control dificulties with DI)T 
were experienced in (California with C. tarsalis, 
.ledes dorsalis, and A. nigromaculis, and in 
Florida with the two salt-marsh pest species :1. 
sollicilans anid A. taeniorhynchus. As a result a 

42 
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FIG. l.--Cmnulative number of art6hr-159.s f jathliv lwalIh iilrlanie Ihysio)hgically rosiatt I i i ' Iis, 19t3-58. 
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shift was made to the use of other chlorinated-
hydrocarbon insecticides such as toxaphene, 
dieldrin, and BHC. In California, resistance to 
these materials readily developed in certain 
areas, so that organophosphorus materials such 
as EPN, malathion, and parathion were titilized 
in many abatement districts for larvicidal purl-
poses. Up to 1957, little change was noted in the 
susceptibility of C. tarsalisto malathion applica-
tion. However, ill that year (jullin & Isaak 
(1957) reported C. tarsalis larvae and adults 
from the Fresino area as highly resistant to 
malathioll. In other areas where tie same elini-
cal and parathion had been used extensively, no 
change in susceptibility was noted. Ili 1958, ill 
the King's Mosquito Abatement District where 
parathion has been used for 6 years, control 
failures against A. nigromacuihsbecame apparent. 
Preliminary tests ilidicated aldefiuite difference 
ill the response to )arathioln of mosquitoes fron 
this area as Compared with that of larvae from 
Fresno (Lewallen & Brawley 1958). 

lin Florida, the replacemnt of IDDT by other 

ehlorinated-hydrocarbon insecticides graduilly 
led to the development of resistance to these 
compounds ill A. sollicilalns anid A. tacnio-
rhynchus.As ill California, the degree of resistance 
varied in different sections of the state, the in-
tensity in part bcilig a reltection of ti type and 

amotint of larviciding pl'tticed. IHowever, the 
introduction of organophosphorus compounds its 
larvicides was relatively minor as compared wit hi 
that ill ('alifornia. As all adulticide, malathion is 
the chief toxicant employed, Itogers & Hiithliturn 
119.58) having shown tbilt Slilie applications of 

nilathiot formulations were far more effective 
against A. larniorhynchius than were )I)T 
treatments. 

Other than FloJridha, th! ollly southern area 
where resistanit l)ptlhtiins of stilt marsh iiis-
qluitoes have been (eteted is it small focus ill 
(Cha ham County, (Georgia. Prior to 1958, Acd 
taciiorhynchusiii thatli tlllid Iieeni ftild t 
be susceptible to ))T aud dield'in. No or-
gaiinized tbat eiitlit il'Ogl'l existedl unltil 'Jily 
1957, when sporadic fgtil)liit iois of 5 percent 
1)I)T were begun ill ie ui'hlllized areas. In ealy 
1958, adult tests withI A. lacniorhynchus rearedfrom 5{(! lii 01ne hi ai ized site (( 'tckspuri'Islitlld) 
id icated tie Sl( lis Iedsiye littc resp Itsn)
indiate teseisIhaeltlrspn 	 eto 1,xposulre fo~r Do minute~s to dieldrin-lHisellla oil 

similar but at a lower level of resistance. The ap 
parent explanation for the dieldrin resistance at 
Cockspur Island lies ill the fact, that, in September 
1957 the area was treated with dieldrinl at a rate 
of 4 lbs./'aere for white fringed beetle colitrol. 
Why the popuhtion is resistant also to I)I)T is 
puzzling, ill view of the generail lack of siich cross 
resistance in other mosquitoes. 

Other resistant culiciie species ill United 
States are Cuie.r pipiens, Psorophora confinnis 
and Psorophoradiscolor. C'lcx pipiens has been 
suspected Of beiiig resistant to )l)'l'i Ohio, but 
the confirmed evidenice relates to Arnstrong's 
studies ill Massachiusetts (1955). Two Species of 
Psorophora, confinnis (Mathis et al. 1955) and 
discolor (Quarternai & Schoof 1958), were 
shown to be resistalnt to dieldriti in Bolivar 
COulty, Mississippi, ill 1954. 

Table .- Susceptibility response of Acdes taenio
riynchils (Wied.) females to dleldrin-Risella deposits, 
60-minute exposure." 

24-1Iout PER CIN'r MORTAITY FOR 
oLOCA.ITY I)IELRIN CONCENTRATIONS (%) OF: 

0.2 1.4 tJ.8 1.6 
'l'1'jbvi Is]iuand 7 12 78 100 
\\hitmarsh Island 0i 9 33 93 

'austoo 	llia ---01 5 718 

. .... 
F W.. in ouaueriit.IrumiMattij. 

oOf tie tiopheline species f United States, the 
cmmon malaria mosluito .itnopees quadri

3act1Cads has shown high resistaice t tieldriii, 
BI(', and Iindane in Mississippi (Mathis et al. 
1956) although continuing to )e,susceptible to 

l)DT. Although origiially the resistance was 
considered a retlection of the heavy aerial c'otton 

(Iusting l)racticed ill the i lli v.r County area, 
subsequellt tests hiyt\(' revealed hw susceptibility 
to dieldrin ill specimelis ciollected as fit' its 50 
miles from that general area. Another point of 
interest with tie dieldl'ill-l'esistilit straint from 
Mississippi is thle fict tht expi)sure of spe'inmns 
to witter-wettiahfI' dieIl'iin residues (50 lg. sq. 

ft.) ill ainimal-baited huts for periodss of 8 to 12 
ours l' luees nmortalities of 40 tl ';')l,' 

hours piIuic3's lit 14 

Georia, Illlttiere (liini)treaen Sifvranni, 
s mini mitItrelnmlitsquadimaculatus(e'ii'it iilurli lp)st'swier iiIflrielriui -'.1 . for agricul

populatiols sliw a partiill resistance to diehd'in. 

eitherdieldrin or )1)T residues (Mathis 1958, fil-
published). When detailed COlilarison of the sus-
ceptibility to dieldrin of adults fromi Cockspir 
Island with that of adults from adjacent areas 
(3 to 7 miles) wits made, the data showed clearly 

that, te resistallce was limited to Cockspur 
Islad (table 1). The results with I)DT were 

resiurees li 9nentierations of 0.1, 0.2, 0i, 0.8, 
isd, 3 t oi t rons o0. 10,4 . 
1.6, 1.2 slid .(. produced mnr lit is of the 
"iili A. qttdPitacultiPsof-44, 64, 75, 78, 80, 

it r t mpast 	 area is vague.history of intsecticidal use in the specifie
but it is known that at least one linsiteid treatment of dieldrin for 
agricultural liurmose was made in 11157. 
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87, and 94%, respectively. With similar exposure, 
Ihe susceptible Strtit yielded 0, 36, 97 anld 10%l, 
kills at. concentrations of 0.2, 0.4, 0.8 and 1.(7i. 
The response of the "Lynah'" A. quadrimaculatus 
.-Iiows the plateau effect. which is characteristic 

of resistant populations. 
Anopheles quadrimaculatus continues to re-

main susceptible to DDT residues despite the 
widespread use of this chemical illagriculture 
anid as a resi(ual spray for malaria control. In 
addition, hiaor.tory efforts to select I)DT-
resistant populations have shown little success. 

lEGIONS OU'TSIDE UNITED STATES: On a global
scale, resistant malaria vctors occur in'dl major 

land areas except South America, (table 2). Four 

Table 2.-Malaria vectors resistant (confirmed) to DDT 
and/or dieldrin. ------7-

,{l f',s AIRA ItI."S1TANT TO: 
A. nlbimmnus WVied. El Salvador, I)hl/DDT 

Nicaragua-, 1)l/DD'I'
Guatemala 1)hl 

A. aqusnalisCurry Trinidad, BIWI Did 
A. gambiae Gilfs French Wesl Afria DIh 

Liberia Dld 
Nigeria DIdA. 	p~seudoputwli- N[exi(,o Did 

pennis Theobald 
A. quadrimaculatus U.S. DId 

Say
avre Dhu/DDI 

Lebanon DDT 
A..tephr.i Listo India DDT! 

Iran )I)T 

A. .,u'horn,'j(reeve 

Iraq DDI 
Sauidi Arabia I)DTA. iohidti.( lrassi Ind~oinesia Il)hlI.t.sundcus In eirma DIT 

lodenwaitd I) Indonesia DDI)T 

- I)Dr ista'rI'inr.( divi.lrin und abment incertin are") s'ev4titan 


aspects of these data aire of particular signi fi-
(anc'e. The first, is that, exept for A. sacharovi 
l,'avre and .A4.albinianus Wied., resistaice ii a 
species is colfiied to either ))T or dieldriii. 
('onseqtueitly, with all other species the colilitil-
:t iou of sll wessfil controrl eradiezition has bel 
iade possible by shifting romn onv,toxicant tolthe 
ot her. Ii ltIdonesia, dieh' ii hasser\ve(l effect ively 
against the l)Y'T-rvsistaIlt I.sundaciIs (lodlii-..
waldt); in Nigei'i., ..dielhrin-i-esistilt I.fgambih 
(eivsar Suscet)ilhI I I )DT.The seecond poinit 
coicerlis the lecelt det.ct ion f(fdieldrin resistamie 
ill A. albih'iow s il El Salvador by ])uret (19,58a) 
followed Iby epls ifhnilar resistaice ill(Guinte-

Libertad, Olomega, Sirama, and Tecomatal) 
di:tributed along the entire coastal area (Duret 
1358b). Two inland towns (Nueva ('oncepcion, 
Belem Guijat) also showed similar levels of 
dieldrin resistance (1leredia 1958). Illaddition, 
the A. albimanusfrom three areas in southeastern 
El Salvador were definitely less susceptible to 
DDT than were those from towns northwest of 
that sector. LD-50 concentrations of I)T-
Risella oil papers from tile southeast sector were 
grea t er thai 6.51;/(, while those from the north
west sector ranged from 1.3 to 1.81,% (iDuret 
1958b). Prior to the use of dicldrin ill1957, DDT 
had Ibeen used as tresidual treatment in coastaI 

El Salvador.Except for the two inland towns, tie 
villages lie in a cotton growing region where ex
tensive aerial treatments of chlorinated-hydro
ea rbon and orgallophosphorlIs insec ticides have
been made. 

The third element of interest is the resist amce 
of A. aquasalis Curry to dieldrin illTrinidad. 
Here unpublished studies by Omardeen (1958) 
have shown the species to be resistant in tDDT
sprayed (10 years) area which had received, ili 
part, its initial treatment with dieldrin at the 
time these tests were made.These reports on A. 
aquasalis and on A. albimanus again suggest 

that populations normally exist whichl may have 
a relatively large proportion of idlividuals with 
low susceptibility to dieldrin. 

The fourth point is the detectio of dicldri i
resistat popuhltions of A. pe.udopunclipennis 

Theobald illtNwNo illMexicoareas (Morelos, 
M ichoacan) by Palacios Martiiez (1958). At 
Temixco, Morelos, high le'els of resistance were 

apparent, 1adult females yielded mortalities of 
10% or less wheni exposv,(I for 1 hour to papers 
impregnated with (IiehhIii-l{isella oil clicient I'll
tioi of 0.2 to 1.6i .41. loses illthis arc'a recei ved 
their initial application of dielhrin illJantlaryv-
March 1 after heiig sprtyedtI wit h I)1)'T twice 
ill1957 and periodically between 1945 and that 

year. To (dae, resistant popilations h ip 
pea red only illareas whicl have rice field hieed
iig sou'ces. Illtie Iireas tested where only 1))T 
or only dieldrin has beeul emlloyed, .1. pscu'h0
punclipunnis remaii is highly susceptible to hith 
toxicants. Wliehthe' Iti( Iissocit iiolIof )I)T treat
ments followed by dihdril applications with tile 
o(cllrrenice of resistanit .1. P.,eudopuncipelnnis. 

malit iilld Nicaraglua aii1l 	 Tmixco, is a factor illthe resistance j)iotlireill possibly ,Janaica. In lls ill 
El Salva(r, I)ire t's tests extended tol t I r awaits further"study I. The ra1ipid aplpea'allce of 
Iflocalitics, till oftwhich indicated ithigh level of dicldrin resistalce iinA. pseudopunclipt'nnis 
ild ri iiresi.tainie, within suc h a pe1riod, after the initial residual ap

)lie-lhurui exposuri'e to icldi'ini-lHisellh (il plication of that,toxiciant ill the area, is uiiiisuil 
residues (1.6%) )produced iniorhilit is of 3 to 1t* ',, itijmllms 'lTenmxo .vil[11IM.mo fr,, ... mortulity h1.vels of 711. 
ill five of six villages (Metalio, Aetitlut, I,11 'J" 91.all. ()' ult ihrin, eumntrutions,, .1l..2.0.1.nilo.8"',. 
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Tests to delineate the extent of A. pseudopuncti-
pennis resistance ill Mexico are now in progress 
by the National (Commission for the Eradication 
of Malaria in that country. 

Aedes aegypti (L.), the vector of yellow fever, 
has developed resistance to DT1)1' in several parts 
of South America and ii the Car'ibbeani area. 
Initial detection of such resistance was in mos-
quitoes from Trinidad. This strain was readily 
susceptible to dieldrin, B(', and mlathioi but 
required a dosage of 4.( p. p. i. of 1)1)1 for an 
LI-50 kill of the larvae, even though 0.004 

years. The low susceptibility of adult. ('. quinquc
fascialus to chlorinated-hydrocarbon deposits is 
exemplified further by the difficulties elcolill
tered iin obtaining C. quinquefasciatus of high 
susceltibility to bot I)DT :10( diehh'ii ii the 
United States. Tests with straiis received froni 
various pairts of this eitry (tllle 3) indicate 
they arc resist ant to dieldriin :ai1l, or )TIT,palr
ticulhirly to tile fo'mer v\en th"tghi exposure to 
iiisecticide was absent or questioiable. Only a 
strain from ('alifornia showed high susceplibility 
to either toxicant; comphle kills were obtained 

p. p. in. yielded that level of mortiality agai ait) at the 1.6(3 t dieldrin cocentratnion. )f pttiInlar 
laboratory strain (Way, unpublished). The pres-
ent distribution of l)l)T-resistaiit pt ulhitioi s 
(coifirined) includes Haiti, Venezuela, Trinidad, 
Colombia and l)ominican Republic. 

Table 3.-Mortality of adult female Cuh.x quinaqwu-
faeialus on 2-hour exposure to dieldrin- or DDT-Risella 
oil-impregnated papers." 

lFit (F.T MORTAI.ITY AT 
IX(N*:NxrA'rnoms op 

-L 

Diii.N I)DT 

3.2 4.0 1c.02.014.1. .STATE 0. 1) I 
..... iT 
California 0 14 89 100t' - ___ 0 21), 64 -

Alabama i} 5.4 36 50 (13 83 13 46 85' 83 
Georgia --- --- 14 24 46 (05 -32 66i --
FloridaIllini, .I... . ... 5 5 -... - 

"Unpublished da1fta(Muthis. W.) 

,Adilts from Miissiiii eximsmi for I hour to i; i)IDT- and 
*ihidrin-Rivili oil Iairs slhowed kills of 0 andt 1;,resmctively. 

Culex quinquefasciatus Say is a species which 
has shown resistance to) DDT, dieldrin, and 
1311(C in various paris of tile world. I)DT resist-
ance wts confirmed ini larval po)ulations of the 
species in Veniezuiela, Taiwan, ()kiiiawa, Re-
uiiioii, aid Pluerlto Rico; BIIC- aiid or diedrii-
resistaince, ill strains il MaIlaya, Retiion, 
Puerto lico, ()kiawa, and India (Brown 195,8, 
Quartermaa & Seho"of 1958). Adult C. quinqu'-
fascialus apparently possess at relatively low 
natural susceptibility to D)DT although they are 
rehlttively suscel)tiIde to deptosits of 1311C or 
dieldrin. I)evehopmen tf l)"T-resistaiice was 
established iii India, where it wis showni by Pal 
et al. (1952) that only 9 /'7kill was obtained with 
females fromi it l)T-treated village ((; years) as 
colmpared with 901;%mortality of Specimens from 
anti treiitel towlni. resistance 1l)ielthri also has 
been found iii adult populations iii Malaya and iii 
French West, Africa where residual trent ients 
with this insecticide had been applied for several 

initerest are the data for the Illinois strain, since 
the latter is a lIbor:atory culture maintained 
since 1940 without exposire to insecticides. 

House Flies and Oth1r Diptcr.-On the basis 
of distribution and resistance st udies, the Iiise 
fly, is the most extensively documented public
health arthropod. Because of its biotic pitelitial 
an versatility iii breeding habits, this species 

has been foremost ii ecoping with iew che ili cal 
measures designed by man. Resistance in Al. 
domestica has been more widespread than in 

other insects, there being few localities iii the 
Uited____States where pipulait'iois susceptible to 

hlorinated-hydrocarbol pesticides exist. Ill M. 
d. 	vicina Macquart, resistance to this grolp of 
compounds 	also has been established. 

The successful introucctio and contiited ef
fteielless (
f iophospho s Comndis i 
tlie cntro0l of mnultiiresistlit house ly ptpiihi
tiolis led to an early hul trlori hiope that thisseiswudb ilbvt ovAil hsgol 

species would he uimleht t et pi wit this grti
of toxicants. Ii l)eiliinirk, Where paralthion 
and D)iaziiion' (0,0-(itliyl 0-(2-isopropyl-4
met hyl-i-pyrimidiiiyl ) plhispblothioate) were 
employed (1)uret 195sb) prior to the use of such 
toxicants ii Il malathio fsor fly control ill tihe 
United States, resistaihe to l)iaziioiilald Payer 
21 199 (O-(1-ehhoo-4-me hiyhinlelliferiie) 0,0
dielhyl phosplorothiote) was demonstrated by 
i(eidliig (19563). No reports of loss of stls((1p
tihility to malathion appeaeled iii thel nited 
States prior to 19563 whei ,1. domeshicn it ' 
dairy barni ill Sa'ri a Ii, (Gcolrgili, treat ed with 
mnlathiol residual applicnitions in 195.1 aind 19-55, 
develhoped .t physiologic and behavitristic resist
aiice toipoistn Ixits (lKilpatirick & Scho if 19-58). 
1"'w niathio-resistant straiis :alst) weie de
tected ill Florida tile sali year (l alh'ec(qte & 
Wilsom 1957). Since then, house fly ptilations 
resistant to mnltthiio, l)iuaziaion, and or other 
t rgainl phosplrtis eompotunds also have beei de
tected il Arizolia (Scmoif &l Kilpatrick 1958), 
Floridit (LaBrec(lue, v al. 1959), and New Jeisey 
(1lhnsens 1958). Certaiii of these resist ilit strains 
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likewise exhibit lowered susceptibility to pam-
thion and Bayer L13/'59 (O,O-dimethyl 2,2,2-
tirichloro-l-iydrioxyet hylphosphmoate). Resist-
.,Ice to organophosplhorus compounds also has 
Ieeni shown in 11. doniestica from Italy (Sacca 
1957) and Switzerland (Brown 1958). 

One of tileapparent atilolmlies among domestic 
flies has been tile absence of resistance in the 
blow fly groups, Phormio, Phaciciaand Calli-

troga. Although this state still endures in North 
America, there tire two inst 'ces abro(ld where 

blow ilies have lost their susceptibility to insee-
ticides formerly effective against them. In the 
Belgian C'ongo, the bhw fly, Chrysomnya putoria 

(Vied.), which breeds ill hunm excrement in 
bored hole lat.rines, has developed resistance to 
BI(', l)iaziion, and nilathion larvicides (Ber-
voets et al. 1957). Since insecticidal treatment of 
all latrines in I'e ip ,hlville is scheduled on a 
routine 12-(dt. cycle .inI the species is wholly an 
excrement breeder, it essentially wats a case of 
the inse(ct bec(omilng resistant or facing extinction 
in that area. The second case occurred in Aus-
traliat where Phiniciaeuprina dorsalis (Wied.), 
a cause of fly strike in sheep (iii the U.S.A. a 
subspecies of the same species (P. cuprina 
cuprina) breeds in gairbage), exhibited resistance 
to dieldrili in certain areas after 3 years of use 
(ShauahanI 1958). After effective prevention of 
breech strike for periods of 6 to 10 weeks, strike 
was occurring within 1 to 2 weeks. The LD-50 
level of susceptible P. cuprino was 0.025 micro-
grant of (lieldrin per fly as compared with 
,I)-50's of 1.3 tiud 2.5 mitcrogramls per fly for 

two resistant stirins. 
Two pest species, Glyptoten(ipes paripes Ed-

wards and ('uiicoides furens (Poey), are the last 
memliers of Diptera in which resistance has been 
established. ('ontrol of larvae of Glyptolendipes 
in lake.s in Florida by BII(' or EPN applications 
was successful iuitinlly but poor control even-
tually occurred. Tests confirmed that the larvae 
from the Ireated lake were much more resistant 
to these toxicants than la:rvae from untreated 
lakes. (Lieux & IM 1956). al.ulrein Smith et 
(in press) recently showed that larvae of C. 
furens, after being redily controlled by dieldrin 
in Florida, developed resistance to that corn-

)oun(, heptachlor, aund lindauie. 
Lice, Cockroaches and Bed Bugs.-The human 

body louse, Pediculus humanus humanus L., 
originally was shown to have developed resist-
ance to 1)1)' in Korea in 1951 (Hurlbut et al. 
1952). Similar resistance also has beeu found in 
Japan, France, and Egypt (Quarterman & 
Schoof 1958). Recently, a comprehensive global 
appraisal of louse-resistance was accomplished 

by the World Health Organization. In this study, 
louse populations in 27 countries were tested 
against DDT, BHC, and pyrethrins (Wright & 
Brown 1957). The results indicated DDT-rcsist
ance in only 1 of 27 localities checked in Europe, 
but resistant strains were detected in Iran, Syria, 

Hong Kong, Mexico,Turkey, Jordan, China, 
Peru, Chile, and numerous parts of Africa. In 
Norway, South Africa, and Japan, strains were 

collected which showed mortalities of 0 to 12% 
for dosages of B1C which ordinarily yielded 
100% kills of body lice from most of the other 
survey towns. In Japan particularly, the body 
lice had low susceptibility to pyrethrum dusts. 

Recent studies by the Division of Foreign 
Quarantine of the Public Health Service (Anon. 
1958) at migrant labor reception centers along 
the U. S.-Mexico border indicate that the body 
lice oil these laborers also are resistant to DDT. 

The bed bug Citnex leclularius L., another in
sect usually controlled readily by I)DT, has 
shown the ability in several areas to develop re
sistaice to DDT and in a few instances to BHC. 
In the United States, resistance was confirmed 
in specimens from Ohio, but, aside from several 
unconfirmed reports of control failure, such re
sistance appears to be limited. Outside of the 
U. S., )DT resistance has occurred in Hawaii, 
Italy, Israel, and Iran (Quarterman & Schoof 
1958). 1I Israel, a BHC-resistaut strain was 
found in one locality (Cwilich et al. 1957). 

On Taiwan, ('imex hemipterus (Fab.) after 3 
years of being successfully controlled by DDT, 
displayed a marked resistance to that toxicant, 
but was readily susceptible to BIIC (Chen et al. 
1956). The same species was reported slightly re
sistant to DDT residues in the Hong Kong area 
(Quarterman & Schoof 1958). Rao & Halgeri 
(1956) also showed it to be resistant in Bombay 
State, India. There are unconfirmed reports of 
BH(' and dieldrin resistance in this species in 
India and in Tanganyika. III Trinidad, British 
West Indies, C. hemiplerus is reported to be 
resistant to I)I)T but not to dieldrin or BHC 
(Anon. 1957). Hanmon et al. (1957) also recorded 
dieldrin resistance in Cimex rolundatus. Sign. 
(a synonym (f henipterus) in French West 
Africa. 

Among the cockroaches, several species (Peri
planeta americana (L.), Blatella germanica (L.), 
and Blatta orienlalis L.) have been reported as 
being resistant to the chlorinated hydrocarbon 
insecticides, but only for B. germanica is there 
definite proof of such resistance. Specimens from 
Corpus Christi, Texas, where chlordane had be
come relatively ineffective as a field treatment, 
were found to be highly resistant to that toxi
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cant. This strain subsequently was shown to have 
lowered susceptibility to BHC, dieldrin, and 
heptachlor (Brown 1958). Since that time popu-
lations of chlordane-resistant B. germanica have 
been reported from a number of areas in the 
southern and eastern United States. Resistance 
to DDT also has been estal)lished for B. germa-
nica, but this toxicant never was exceptionally 
effective against the species, chlordane being the 
insecticide of choice. 

The resistant species previously reported 
represent those in which the resistance has been 
confirmed iby laboratory and ,or field tests. III 
addition to these species, there are 16 other 
species and/or genera that have been reported as 
being resistant from control failures or observa-
tion. In some instances, such resistance un-
doubtedly is factu'al, but the lack of published 
confirmatory evidence places them in tile 
"reported" category. Included in this group are 

seven species of fleas: Nosophyllus fasciatus 
(Bose), Nosophyllus londiniensis (Roth.), Cleno-
cephalides felis (Bouch6), Polygenis spp., Pulex 
irritansL., Rhopalopsyllus claviculus, and Xcno-
psylla cheopis (Roth.), A nopheles maculipennis, 
A. superpictus Grassi, Rhipicephalus sanguineus 
(Latr.), Trialoma infestans (Klug), Psychoda 
allernala (Say), Stoio.rys calcitrans (L.), and 
Musca nebulo F. Probably the most frequently 
reported control failures have been those in 
which chlorinated-hydrocarbon insecticides were 
being employed against the common cat flea, 
Clenocephalides felis. III umerous instances, 
DDT or chlordane applications failed to provide 
adequate control of field infestations. Despite 
the repeated occurrence of such reports, ladhora-
tory evidence has not confirmed this resistance. 

Before discussing behavioristic resistance, it 
would be well to mention the resistance to 
chlorinated-hydrocarbon insecticides exhibited 
by two livestock pests, the blue tick, Boophilus 
decoloratus (Koch), and the Australian cattle 
tick, Boophilus microplus (Canestrini). The 
former, after years of successful control in South 
Africa by arsenical dips, (leveloped resistance to 
sodium arsenite in 1937--45 (Omer-Cooper & 
Whitnall 194.5). BI-IC proved effective against 
these resistant ticks, but within a year and a half 
control failures were encountered. In 1949, tests 
of ticks from these localities, and from areas 
where effective control still \\ais being achieved, 
confirmed the BHC resistance (Whitnall et al. 
1949). DDT resistance in the species occurred 
subsequently in 1956 (Whitehead 1956). 

In Australia, B. microplus, which had dis-
played resistance to arsenicals as early as 1937, 
later proved readily susceptible to dips contain-

ing chlorinated-hydrocarbon toxicants. How
ever, in southern Queensland, BHC failed after 
2 years. Eventually, strains resistant to dieldrin, 
toxaphene, and DDT were detected in different 
parts of Australia (Hitcheock 1953, Legg et al. 
1955, Stone & Meyers 1957). Resistance to 
BHC, dieldrin, and toxaphene also has been re
ported for this species in Brazil (Freire 1953). 

BEIIAVIORISTIC l{EsIsTAc.-Ieaioristi' 
resistance is an avoidance response of insects to 
pesticidal residues which has heen frequently 
referred to in earlier reports of insect resistance. 
Much of the controversy on t lie existence of such 
resistance arises from the lack of pretreatment 
data on tile normal habits or responses of the 
mosquitoes involved. Only when insecticide ap
plications proved ineffective were observations 
made of mosquito behavior. Whether two races 
of mosquitoes were involved in a given area 
readily became a moot question. Theoretically, 
the possibility exists that the elimination of tie 
dominant segment or race of a mosquito popula
tion which normally frequent households could 
readily lead to the remaining segments (outdoor 
resting mosquitoes) becoming the dominant ele
ment. However, the importance or unimportance 
of such a behavior shift in a vector population 
upon disease transmission would depend on the 
relative significance of each segment in spread
ing the disease. 

One of the oftquoted instances of behavioristic 
resistance concerns Anopheles gainbiae and A. 
nielas Theobald in Africa. However, these species 
on their first exposure to DI)T displayed irrita
tion to the residues so that. flight occurred 
shortly thereafter. Thus, it was not a progressive 
population change in response; merely .a char
acteristic of the species with reference to Dl)T. 
Davidson (1953) showed that, A. gainbia' anid 
A. funestus Giles had different responses to 
DDT, BH(', and dieldrin in regard to tie rest
ing time on each type oif deposit. 

The best evidence for behavioristic resistance 
in mosquitoes is that offered for .4. albiman'us in 
Panama. Trapido (1952) found that after 7 years 
of DDT treatment the number of mosquitoes in 
treated houses was at a level comparable to that 
in unsprayed houses of previous years. llow
ever, no change had occurred in the effectiveness 
of the treatment in reducing tie niumber of speci
mens feeding on man. The mortality of t lie unien
gorged mosquitoes collected remained similar to 
that of unengorged mosquitoes of former years, 
but the kill of tile engorged specimens was all
proximately 30 percentage points lower. Trapido 
(1954) later showed that the mosquito popula
tions from the treated areas exhibited no differ
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ences illDDT susceptibility as compared with a 
laboratory strain. Thus, tile data indicated that 
repeated exposure of suceessive generations to 
DI)DT treatments apparently resulted in popult-
tions that were hypersensitive to DDT residues; 
therefore such specimens had reduced contact 
(exposure) with the toxicant as compared with 
adults of earlier populatiols. 

In house flies, :Ichange in response to poison 
baits has been shown ill regard to malathion 
(Kilpatrick & "ehoo 1958). At Stivannah, 
(leorgia, after 12 weeks of effective control by 
use of periodic bait treatments, fly delnsiti(es 
showed a steady cliob. Despite increased ap-
plicutions and heavier dosages, control %as lot 
r,-established; flies no longer congregated oii the 
bait. The flies approached the 'bait but failed 
to rest or feed upoln it. The satme bait at ot her 
(iries wits effective and baits containinig other 
toxicants were attractive to the resistant strain. 
This difference illrespomse wits confirmed bvy 
laboratory tests (Fay et mu. 1958). A similar e'-

havior change also has been found in a population
at a chicken ranch well removed from the dairy 
barn site. 

SC SSIox. -In aily paper Conisiderintig r'esit-
atice oil a global basis, it would ibe amiss to fail to 
give full recognition to the fact that the overall 
picture is iiot le (0f et it ire pessimnism. Too often 

the mere fatt that a specIes has shown resistaice 
in one hcality leads t( the abortivye conclsion 
that the particulir ehemical involved is a lost 
cause generl:ly. ('cr1tai species are relatively 
limited its to the areas where resistant popt I-

l 
tlils occur. I other instances, such as withI the 
domestic blow flies of this country, there is, ts 
yet, no evidenee of tloss ill susceptibility to the 
chloriiiited-hydroerllc.Io insecticides. The dis-
eaise ve('ttiis Anophles philippinensis Ludlo0w, 
.1. minimTus Theoblld, and .4..fluviatilis ,James 
it ltndi.; A. alroparvss Vai Thiel itt Spain nd 
Italy mt ('. farsalis ('oq. il Western U. S. 
(exelpt ('aliforni. aniid ()regon) continue to suc-
cullnmb t resid(,~s (fl"chlhrinated-hyd'oea.trb(i 
insecticides despite the extensive use of such 
compoulniid(s illtheir coitrol. 

Of iteres idi g these ltes iTe data relating 
t(I A. "tuh'pcis iIeigeit. T1'ests i Romai 
iodiente little differetce between the response of 
mosqiitoes fromt villages sprayed for 8 years atid 
of those fron Uillsprayed otowns (Brown 1958). 
In Albania, tests show specimetis from two vil-
lages sprayed for 11 years with DDT to be 
highly susceptil)e to that toxicant (86o to 97% 
kill after 1-hour exposure to DDT-Risella oil 
papers, 4M), while adults from a third village
with a similar treatment history were less sus-

ceptible (66% kill) but still not resistant (Ashta
 
& Adham 1958). To complicate the picture fur
ther, adults of A. inaculipennis from an un
sprayed area of Irt showed marked differences
 
in their dosage mortality response iii the August
 
versus the October period (Zulueta et al. 1957).
 

In our control of arthropods of medical and 
veterinary importance today, we are confronted 
with t resistance problem of ever increasing 
magnitude. To cope with this difficult situation, 
extensive research and investigation on a broad 
spectrum is n absolute necessity. Knowledge, 
persistence, and, to be frank, a certain amount 
of fortuity ire the only means by which we call 
hope to solve the enigma facing us. 
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