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Alviract - Behaviowr studies fradicated that the permetieine
of An
banck-dlown compared with the susceptible srain, The resisdant
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INTRODUCTION

Anoplieles stephenst s known (o be an important
malaria wector in the Persian Gulf, the Middle-East and
Indian subcontinent. As o resull of the contimuous
application ot msecticides  in these  regions,
Anstephienst populations arc known 1o he resistanl o
T (Davidson, 19538 Davidson & Jackson, 19613
Malici e1 al, 1938), dieldrin (Davidson & Mason, 1963
Laim, 14H7) and malathion (Manouchehr? et al, 1974,
(075, 19807 Rathor & Togir, 1980; Hemingway, 1983
Seott & Georghioon, 1986 Herath & Davidson, 1951,
Hemimgwiy, 1980 Hemingway et al,, 1984, There are
some reports of pyrethroid resistunce in An, stephenst
pased on wborgiory sclection (Omer et oal,  1980;
Malvol, 1988 Chakrovorthy & Kalyanasuncdaram,
[992; Sahgal ¢l al, 1994)

MATERIALS AND METHODS

Permethring 3-phenoxybeneyl-{ LR )-cis,  trans-3(2,
2adichiorovingl)-2, 2, dimethyl cyclopropanecarboxylate,
lechnical grade 96.2%, density = 1.2 and cisfrans ratic
SR

Muosguito strains used

The main A steplensi strains used throughout
this work are as follows:

[IUBE-APR; & sub-strain trom DUB-5, selected with

105

permethrin at the adult stage in the insectary. IND-50a
strain  susceptible 1o permethring @nd g stundart
luboralory eolony originating from New Dell in 14947

Insccticide testing method
Tests on adults were carried out aeeording 1o the

methods of WHOQ (19710, Al each cxposure  tume
SO-4H mosguitoes  representing 22160 incivideal

replicates of 25 adults were tested. To reduce wiriahility
in the replicates, 23 duy old sugar fed adolts were
wsed. Due w the knockdown effect of pyrethrods on
the adulis, the exposure tubes were held in 2 horizonal
position during tests. The mortality rale was scored
after o 24 h recovery pernod. Inseclicide exposure ook
place in a room with a temperature of 25210 and
holding tubes were held oo msectary under controfled
conditions of 27 £ 1 °C and 73x5% relative humidity.
Permethrmn in the laboratoery  lor
comparative efficacy against [emales of resistant and
susceptible  strains of  Anstepfhensis Inially  the
susceplibility. of DUB-APIL, and IND-S strains was
tested with 10 weiem? mpregnated papers. To eliminate
the importance af carly knock-down of adults during
exposure,  testing  lubes held inow horiontal
position (WHO, 19927 In cach test 2-3 day-old females
were [ested with tresh laboratory-made  impregnated
pupers. Wegression line parameters meluding intercem
{a), slope = standard error (b £ 5B, heterogeneity
about the regression line wih degrees ol Ireedom
[¥3dfy), LT5O * 95 % confidence interval (L1750 =
95% (1), LT90 +£95% confidence interval {LT90 =
93 (1) were delermined from the dosage mortality
regression lines as deseribed by Finoey (19713, LT50
and LTY0 represent respectively the times of exposure
required 1o kill 30% and V0% of the population at a
oiven concentraticn of pesticide. The LTA0 s the main
parameter wsed in this study 1o assess the relatpo
romicity of postivices.

was siucied i

WS

Statistical methods

Mosage moriality regression lines were determined
by the probit analysis method of Fipey (19710, using
the Probit 79 programme onoan M computer,
Cioodness of it of the points tooa straght line were
tested by Chissquare (¥2) analysis. Cther statistical
analysis  were  determined by Minitab and Glim
programme on an [BM computer.
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Impregnated nets

Imipregnation af nelling meierials was carried out as
st | by WEHID (1983]. Picces of netting were cul
aned the area of the net w be treated calealaed. The
amounl el waler necessary o satarate hut net orun ol
the et was determined by weghing dry pieces and theno
dipping m owaler. The excess water was sgquecred oul
ently helore weighing
weinhts o the amouant ol waler absorbed by the net.

retin. The ditference i the two

T wmount al permethein needed oo treal @ ooel wias
measured, The picess of nelling were dipped into
preparcd cmulsion of permethrin in g pon-absarbent
cortamer, the trestment being carried out with care 10
coner all surfiees, belore the net was partiaily unfolded
el i non-ahsorbent suerlBee woain diy, Nelting pieces
with of 300 mgm? of permethein were

propred.

tomayes

Knock-down behaviour testing method

The  knock-down hehaviour females  of
DUR-APR and [ND-5 strains exposed o 500 mg/m?
permetbrin impregnated pel was determined by using
WY plastic Doassay cones, Bach cone was atlached

al

Wi picce ol neling using an claste band, the hole in
the cone was slopped with cotton wool. Fhe fenale
mesguitees were released in o cach cone. Mosguitoes
el in the cone for cach
mcsguio o he knocked-down was recorded. Mean and
standard deviation of the Orst knock-doan, HES
und  the  median knock-dosn e
ch strain 10 mosguitoes wers lested
oates, Knockdown resalls lor
caich mdmidual temale of both resistant and susceptible
3t raphically plotted.

wWere anel e lime faken
1he
krock-chosan
recorded, Tor on

reprosented e 200 reg

ilil]h WL

Levitability testing method

The level of arritatility of mosguitoes wis measured
aceorddne to the method deseribed By WO (19635 20
unticed 2-3 day old lemales of each strain {resstant and
individaally  exposed w10
Goopermethrn inoan exposure chamber
counied during u 15

susceptizle)  wers

pfom =023

and the number of tike-offs wers

minute exposure time. The differences hetween number
of Lake-olls for (IR and (55) strains were caloulated.
The mean amd standard deviation of number of take
offs for individuals of cach stram were caloulated.

Results

The resulis of 1he studics on the cficacy o
permelhrin agamst females of A sfephenst hove been
summarized w Table 1, The L1730 value from Tabie |
showed  that DURB-APTRR (sirain selected
permethrin ar the adult stage) s S-fold more resistant
t permethrin than the IND-S straim which
susceplible,

willy
LIRS
Knock-down behaviour stody

Weo have established that mmoa permethrin ressint
stram of An, step henst PR oand TTPP redoced e Jevel

of resistance o permethrin (vatandoost ot al, m
preparation). Since resistance wns pob o compleiely

eliminated by these syoergists, o
ather  mechanisms  were  mvobved I Tesislanoe  in
addition (o metabolism, 10 has been known for some
time that nerve membrane s the prmary larget ol
prrethroid msecticide [Narahashi, 19763 A oumber o
Inter studics have sugsested  thal the wollage-gaied
nerve membrane sociom channels may be involved n

was speculinted T

the kir mechanism {Dong & Seotl, 19915 Bleomguist,
RUHIYR

In  this  shwdy  knock  down of  demales of
permethrin-resistant {DUB-APRY  and susceplible

CINTI-SY sirains of An step hensi was gquantitated. The
experimental methods are deseribed by lormer workers.
In summary, inte coch hicassay  cone allached 0
netling impregoated with 3000 mg/m? permethrin, bve
Females were released and the knock-tow Hime of each
incliviclual mosquito was recorded. The cxperiment wis
carricd  oub with 100 mosquitces of  each strain,
represenling 20 replicate lests of 3 mosguitoes. The
knock-down time of cach mosgquito was recorded, The

2oanmd Pige 10 Addul

results are presented mo Table 2
Termades of IND-5 strain showed first knack-

- E . a
Falle F Probic regression lne parameters oc adoll Tensiles an.'l..\‘rr!jr:l."Er?H.'.'J tested with permetheim at M) pedom=

[ e

Sirins i TS0 = 95% CL LT90 + 95% C1. ¥ (df) "
- T . (BRI
I3LIE-ARIL 10,70 557 % B4l BLO 1302 405 (3]
AT 1574 = A
9.4 1.4
INI-5 14 374 £ 042 1016 234 521 (B
= DS
12, 34
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Table 2. The mean tme to kneck-down in minees of Teales of DUR-APR i IMD-S strains of Ansteplienss e

Loy mesguEte Relting mnpregmtod with SN migfm= el moethrin tme e minuees 1o kneck-down of mosguitocs B-3

= 2 ) i 4 N ] hlean + 515
IR 5.1 % 118" Sk 022 G+ ALTE hi & D 13+ 0124 o2 020
RIS LS £ (S0 170 = (ad 196 + 107 Zis o+ 133 30s + 137 2= L0

Ll pusl connprisy

[ B

1 mosgpuaines in 40 replicates

Tahle 3 hritahiliy Jevel of temales of resistant and suscoprilile strats ol JAnosepliensd W pernweilinm

ST Mo af take-olls20
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Table 4. Analyss of varianee to compare irrtabilicy level of

resiss and susceplible sirains ol AJ’!..‘\'II’JU.'"M.IE.’:-'.' L8}
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Fig, . Knoek-down behavione of females of resistant and
stisce[illle sirains o A wermelrm inpregnated

nel. Vertival e =l
Irritability study

xperiments were performed on the IND-S and
DU HE-APR sirains w determing the irritability fovel ol
o permethein impregoated
paper, The metinsd usedl was suggested By seeording 1o
WL (W63 I summary 200 unfed 223 day eld
Females of cuch strains were muivadually exposed 1o 10
ot permethnn meoan esposure chamber and the
paanbes of k-0l were ceented during 15 miouwtes

adull Temales exposed

ecxposure time. The dilference between susceptible and
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resistant straims i terms af ieeitability te permethrin was
determined by analysis of varkme:,

The resulls of rcitabiliny fests are summasized in
Table 3w fllusirated in P 20 Dering the cxposur
time of 15 minutes, the mean number of like-offs per
female were 127 and 333 for DUB-APIL and INID-5
strains respectively. An analysis ol variones ol the
pumber of lake-olls for the two sirains showed  Lhal
DUR-APR s significantly less irritable o permethrin
that the IND.S sirain, s 1637 (1L25) P =o(LODi]
(Table 43, The resistanl steain was 28 mes less
rrilable o permethrin than the susceplible strain as
measuared by the number ol Lake-ols.

Responsiveness to external movement

Wosalaned (19917 reported some hehavioural changes
in evelodiene resistant simins ol An, siephensi. for
instance  epg producton o owviposition, Wl time
fecundity and Uight aetivities of resistant fomedes wers
less Lhan those of susceplible sirain.

Pyrethrond  insecticides share many characleristies
with T and 1T anslogues, includmyg knock-down
and killing setvity resulting from aclion againg sodium
channels of the periphe entral nervous system
{Fehra, MR8 In resistunl sirams varous phvsiological
mechanisms chunge the hehavioural characteristics o
the nervous  systent receplors and increase  their
permeabiliny wo chivcride ions, causing hyperinhibition ol
the nenvous system (Rowland, 1991,

ln ordder 1o curry oul furiher mvest

ons o 1he

pehaviournl changes in the permethrm resistant strain,
the responsiveness al IND-S and DUB-AFE penotypes

[ external  omowvement  were deteemined. The
cxperiments  are  deseribed o detail carler . In
sommary,  volumteers were allowed Lo catch 1he
papalations ol kneswn oumber euf  resistant aod

susceplinle mesquitoes from 1w unmarked cages. The

experiments were repealed 15 Limes for each stram and
the times of aspirutor catches recorded. The resulis are
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shiwn in Table 50 Average time requircd 1o calch
IMIX-5  strain was 15834 seconds, wilh
DUB-AIMR which necded THE2 seconds tor eallection,
Twoway analysis ol vartanee in Table o indicated thar
M35 strain s more respensive than DUE-APR strain
and was able todetect movement ol the aspirator and
ook lomgeer 1o cateh,

coumpared

L

e
1

Average no, of take oflsfadulliman

Tima({minutes}

Fig 20 Lrvicabiliey lovel of females of resistant and susceptille
i K I

staraiis ol nsephens te permethein impregnated paper

Table 5 Hesponsiveness of resistant and susceptille penonw
af Ancslephensi to external movemenl, Experiment was
carried ot witly eoua | nomhers ol T0 females inocach cnge

amd time ol aspicator cateh was recerdod

Feplicates R [ILIR-AFI
123 oy Y
4,5.6 14 05
7.4.9 ) 129

(RN I 175 126
13,1415 143 130

Mlean
Sl

1534
L5

T1H.2
1.0

Tille . .-"L:n'.l}'.x:.‘- ol varsznes of respansivencss of resisting and

susceplible strnins of ARsfepdiensi o estemal mavement

SeRrce g s b I I'
Responsivensss | I06RZE Ln2d 131 P o]

Bk q 3 i TN M8

L + 1125 251

Tl u 11530

DISCUSSION

resistant oo
Table 2 and
b, revenled han the resistant slrain is
nronr kneckedvwn compared 1o 1he
Asin Enueck-doam

0l
wrized in

The  kneck-down hehaviowr
suscepible strains which s sumn
illustrated i Fie
3daold

suscegihle

resist

sirin. aur sty

1005

Rehaviour of pyrethrowd-resistant and susceptinle sip
of larvie of B frmiiany was detlermined when nmvae
wore cxposed (o tiller trepead with permethrin
(Crosby et al. 1991 Their study showeed that resistam
Rorn Al were  A2-Tmes resislan
knock-cown Ln the Lrvne.
Meurophysiclogical studies demonstroted that the basis
lor kdris o reduced senstivity of
the newrotoxic wchon ol throdds. Magesa o al
{1994y exposed the DUR-APR und BEECEH sieains of
Ane stephensi for 2 minutes 100oa e ol doses of
permethrin. on nylon netiing and knock-down was
measured 1ohoaller treatment. A oresistanoe ratio of

larvae e 11

suscepibe

e nervious systent 1o

[

I wis ohsenad o exposure for 2 minotes 1o
200 mein? almest diserminated  betwesn the two
slrins.

leritabsility  studies ol resistant ad - susceptible

strians, the resulis of which are shown in Tabies 3 aml 4
aned Fig 2, inclicated that the resistant sieain s 2.8 times
irritable 1o permethrin o comparison  with
susceplible ones. [n contrast 1 our irciiabiliy resoles,
| ackwoodl (195 hawe foumd hal
pyrethroid-resistant populations of the horn Oy were
significamly more ireilated By permethrin al lower doses
Haan the susceplible populations, However, the Toom ol
hehavioural resistance o dellamethrm was
lrewnn thal found with permethein, The threshold  for
response in the resistant strain’ was inereased wilh
delamuethrin, They  concluded  thar the  behaviooral
response ol resisant horn fly o permethrin would be
selectively alhvanlageous. In populations al horn v owo
classes ol balw

luss

al,

chilTeren

resistnee are

dowrl
stimulus-dependent, which requires sensory stmalation
of (INGTRN for ivinclanee T
Stimulus-dependent behaviceral
wriability, i owhich anomsect = simuobned o leave o
LU SIvIromment upon contact, o Belore coinlacl with
surface  ( Lockwiod al. 19847,
stimlus-independent Belavioural resisiance generally
iwulves some frms of eROp an

recosnized:
the ekl

resislance  includes

i trealed ol

[T

 which
avoids  exposure o the  loxicant by * [rroloneed
vccumiion of o nentesic habeat (Lockwoed e al,
1y In populations with stimulos-ndependent
Pehasiour the resistant sirain uses some cae (olher than
the toxieanty toowentily consisiently o
(Hytord er al, | #s7h).
In 10y [urter

Behavioural changes in erms of respansiveness 1o heing
anghl with an aspirator the method of Rowland (1991

s [ollowed,

wrealed habitats

ordder carny

(EIH vestigation

[Lesals from Table 4«

wawed it 1he
reslslant stradn is o less responsive [ 15-folkd)

b

1othan
IMII-5 siraan Lo the movement of ar aspivator aod Hhis
i5 in agreement with the study of Rowlind 19915 who
foumd  that  cyuledienc-resistant s stepliensi are
Loefelkd ess responsive o movemenl, Many resistanc
stuilics nesalve

fumve demonstrated o HECIS TR B 8|



hetween  behavioural  (measured  as irritability)  and
phvsiologival resistance  {(Sparks ot al, 1989 Trupido
(ESay and Georghiow (1972 have postulated  that
msecls must be physiolomeally susceplible [oa pesticide
o evalve  stimulus-dependent behavioural  resistance
amd that, as physiological resistanee evolves, Behavioral
resistance  declines, Ino our study the physiologically
resislant stram of Aa stephenst (DUR-APID) was
stran 1o be al o behavioural disadvantage and [iness
comls iy he associated with physiological resistanes.
Studics ol the response of resistunl and susceplible
strains 10 parmeal hrin-impregnated necing (300 mgiom®)
shemwed Lhat the resistant stram 15 3.4-Told resistant 1o
knck-down comparcd 1o the susceptible steain, The
resstant strain was found o be LE-Told less irritable 1o
permethrin, These resulls parallel those of Lockwood o
al o (19syy whoo found  that  perethroid-resistant
pupulations of horn Ty are sigrficantly less rtated by
deltamethrin at doses  than  are  suscoptible
However,  the  [orm hehanioural
o permethrin was the apposite 1o that of our
study (e, pyrethroid-resistant horn fiss were
more rapidly permethrin than the
flics). They concluded that a behivioural
resistant born fy o permethrin woulkl he
advantageouws  to the vy, Under  feld
cunclitions, for o susceptible population 10 sunde, rapil
irritation is necessary sooas o prevent the acguisition of
o lethal dose upon contact with reated surfaces. In
contrast, in RDUB-APR strain physiological resistanee to
permethrin resulled moa decline moirritability 100 this
insecticide. Thus resistant mosquitoes will spend  more
tme m the ireated surface than the susceplible strains,
g in the acquisition of mare insecticide. Sparks

Jowae

al

irriab
irritated
susceplihie

by

response of
seloctively

resuit
eloal (19 heve demonstrated @ negative associalion
hotween  hehaviowral  (measured  as  irritabelity]  and
physiclagical resistance, Trapide (1934) and Georghiou
(1972 have  postulated  that  insects  muost e
physwologically  susceptinle 1o o pestcide o ool
stimulus-dependent hehavioural resistance and that. as
physiological resistanee evolves, hehavioural resislance
declines,

T further  inwestigate  behivioural  changes  the
micthod ol Bosdand (1991 was lollowed, Resulis
stuwaved  That the resstant DUR-API strain is less
responsive (1LA-Tokdy than the [NDS strain o the
rmewement ol an aspirator and this is in agreement with
the  study of  Restand {1991} whoe o Tound thal
ceeladicne-resistant Ansiephensi s Lo-fold  less

responsive te movement. Moreover be pomtes our that
resislant fomalecs were less responsive o oviposition
shimuli, they produes fewer coes per unil ol blocd, they

v less dormy the periads available for seeking hosts or
crRIposiion sites, they seem incapable of mesponding 1o

o takmg advaniage of Cmooolight by prolanging
setivity, they respond more shewly to 'predators” and

[ i)
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restslant males were less successinl gl competing for
lemules than were those of a susceptible sirain,

These shedivs of rrlabilily and responsiencss 10
mevvement  showed  that the  resistanl strain of
Anosrepienst (DUB-APR) was less active than the
IMI2-5 strin. In the condines of o lbaratory population
cage this changed
hut i mature resstant fenales would be oat oo
[tness disachamlags iF they spent less towe searching for
hosts or good  oviposiion sites or of they were less
responsitye 1o predators. Behavioural dissdhvantigee and

fitness costs may he associnted with soch resistance.

activity would be of i

i e

Al R

The link between these Behavioural characteristics and
iy
neuraphysiologieal hass ol the resistnee mechinsm
that 35, the redeced dreitabiliny and reduced activity in
th TIUIB-AP I stram scoms 1o be o conseguence of the
reduced sensitvdly al the pervous svstem recorded in
the neuorophysiologeal studics.

the

resislance s prosuomabiy closcly connecied wi

The mode af behavimeral resistance that ocears in

ficld s extremely o mporiant regards 1o
mnagement srategies, [T behavioural resisgnes is due
1y gl physwlogically poentiated
rstimulus-dependent),  management ol behavioural
resistance is simply a matter of inereasing physiologicul

the HE

mechantsm

sugceptibility, Moweser, i behindoural resistames ocours
through  an independen mechansm
rstimulus-independent ), then mereasing tosiciy may do
nothing o increase a compound’s efficaey i the LOeld.
Stumulus-mdependenl behinvaoural
reported in horn fly populations by Byford o al.
(I98Tey, s clfectively  resistance Wwoan application
systent i, the insect aveids a (:L:!{Iﬁlﬁll_'n”':.' o habita
without  ileractmyg with uny partivular loxicanl,
Therefore, in o such o situation, o the chowee of the
resting places continuves fo ewolve, the application of
e will beeome incflective, regurdless of the

selected
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