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THE SUSCEPTIBILITY OF CULEX PIPIENS MOLESTUS FORSKAL
IN ISRAEL TO SEVERAL INSECTICIDES IN 1958-1960 AND IN 1965

A. BARKAL! Z. SALITERNIK 2 anp P. ROSEN 3

InTRODUCTION

Culex pipiens molestus is the most wide-
spread mosquito in Israel. It is prevalent
during all months of the year and breeds
in all kinds of water except brackish
water. It is however most commonly
found breeding in water highly polluted
by sewage. The highest density.of breed-
ing of this mosquito has been observed
in this country during the summer months
—May to September, (Saliternik and
Barkai, 1963).

In addition to being a great nuisance
to humans it is a suspected vector of the
West-Nile fever virus in Tsrael. TLabora-
tory studies had demonstrated that W.N.
virus is transferable by this mosquito in
mice (Tahori et al., 1955).

Control of Culex pipiens molestus in
[srael is carried out mainly by attempts
to prevent its breeding. Solar oil and
malariol have been applied as common
antilarval measures. Only in a few cases
were residual formulations of insecticides
used as larvicides for field trials.

Since 1949, spraying with DDT has
been carried out in several regions of this
country against adult anopheline mos-
quitos. Such spraying could also affect
endophilic strains of culicine mosquitos
in treated areas.

Various insecticides for household in-
sect control are widespread in Israel. Most
of the present aerosol formulations con-
tain 0.2 percent lindane (Gamma BHC)
combined with pyrethrins or their ana-
logues. DDT has also been common in
acrosol formulations. Since 1960 prepara-
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tions of malathion and diazinon have
been introduced for household insect
control,

The spraying of DDT during the anti-
malarial campaign, and the widespread
use of various insecticides for houschold
control as well as for agricultural pur-
poses (including insecticide spraying in
cow-sheds and chicken coops), could have
induced the development of resistance
among local populations of Culex pipiens
molestus.

The first survey to detect insecticide
resistance among local populations of
Culex pipiens molestus had been carried
out by the ministry of health during 1958-
1960. A second survey was carried out in
1965. The aim of this paper is to present
and to discuss the information obtained
in both surveys.

MerHobs

CoLLEcTION 0F Mosourros. Larvae were
collected in 1958-1960 and in 1965 from
various rural and urban localities spread
all over the country. Localities chosen
for the 1965 survey were not necessarily
the same as those chosen previously for
the 1958-1g960 survey. Most collections
had been made from water streams cop-
taminated with sewage and in a few cases
from cesspits. Large numbers of fourth
stage larvae, from each locality, were
transferred on the day of collection to the
laboratory. The mortality among the
larvae that arrived at the laboratory did
not exceed 5 percent.

Insecticpal Compounns. Susceptibility
levels of larvae to DDT, lindane (Gamma
BHC), dieldrin, and malathion were
tested during the 1958-1960 as well as
during the 1965 survey. The 1965 survey
included additional tests with diazinon
and fenthion. W.H.O. testkit solutions
had been used for assessing susceptibility
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of larvae to the above mentioned com-
pounds. W.H.O. papers impregnated with
DDT (4 percent), dieldrin (4 percent)
and malathion (3.2 percent), had been
used to determine whether resistance to
these compounds is detectable among
adult mosquito populations.

ASSESSING SUSCEPTIBILITY LEVELS

Larvaz. Tests were performed using the
W.H.O. method. Duplicates of 6o fourth
stage larvae, from each locality, were
tested for each concentration of an in-
secticide. Mortality rates were recorded
after 24 hours of exposure under labora-
tory conditions at a temperature of
274+1° C. LCs0 and LCgo values were
determined from percentage mortality
curves drawn on a logarithmic probability
paper. Microscopic examinations of tested
larvae were made at the end of each test
and numbers of larvae other than Culex
pipiens molestus that might have occa-
sionally been involved in the tests were
excluded.

Apurts. Adult mosquitos were allowed
to develop from larvae, untreated with
insecticides, under [aboratory conditions
(temp. 27=-1° C. and R.H. approximately
75 percent). Sugarfed (5 percent sugar
solution), 3-4-day-old femnales were sub-
mitted to tests. In the 1958-1960 survey,
adult females were tested only for their
resistance to DDT whereas in the 1965
survey, tests with dieldrin and malarhion
were also included. Single concentrations
of 4 percent DDT, 4 percent dieldrip
and 3.2 percent malathion (W.H.O. im-
pregnated papers) were used to determine
whether a population from a certain
locality was resistant to the insecticide.
An assumption was made that a quantal
response of less than 50 percent mortality
—24 hours after 1 hour exposure to an
insecticide at the above mentioned con-
centration—would indicate resistance to
the same insecticide in the tested popula-
tion. Tests were carried out under the
laboratory conditions already mentioned,
using the W.H.O. plastic tubes. Each

test was performed with 6o females (trip-
licates of 20) representing a population
from a certain locality. Control experi-
ments with sheets of clean paper-lining
the exposure tubes were made parallel to
each test. If mortality was observed in
the control experiment of a certain test,
this test was not taken into consideration.

ResuLts

Larvaz. Table 1 shows values of the
average percentage mortality (=+s.e.m.)
in each concentration of any tested in-
secticide. Each arithmetic average was
calculated from corresponding  values
found for separate populations. Such an
average represents, therefore, the quantal
response of the “average population” of
larvae, in this country, to a given con-
centration of an insecticide. Distribution
ranges for LCs0 and LCgo values of the
various tested populations are presented
in a separate column.

Figs. 1 and 2 show dosage mortality
curves of the “average population” of
larvae for chlorinated hydrocarbon and
O-P compounds respectively. These curves
were fixed according to the average pet-
centage mortality values that are given in
table 1. LCs0 and LCgo values of the
“average population” which are also pre-
sented in table 1 were derived from cor-
responding curves in figs. 1 and 2.

It can be seen from table 1 and figs. 1
and 2 that for the larval “average popu-
lation” there is no considerable change
of susceptibility levels to the chlorinated
hydrocarbon insecticides tested, when the
situation in 1965 is compared to that in
1958-1960. Reduced susceptibility to mala-
thion was, however, demonstrable in 1965
in comparison to 1958-1960. The suscepti-
bility to diazinon was found to be similar
to that to malathion whereas higher
susceptibility to fenthion had been ob-
served.

Fig. 3 shows the resistance spectrum
for five insecticides in various larval popu-
lations tested during the 1965 survey.
Values of relative resistance are given at
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the LCs0 as well as LCgo level for each
population. The larval population col-
lected in BeitHaemek (a settlement in
the western Galilee) had been found as
the most susceptible one to all the tested
insecticides and was therefore used as the
reference  susceptible  population. The
histograms in fig. 3 represent relative re-
sistance levels of the larval “average popu-
lation” in 1965. It must be noted that
LCso or LCgo values of an insecticide
in the larval “average population” should
not necessarily be equal to the arithmetic
average of various LC50 or LCgo values
obtained separately for the same insecti-
cide in the tested populations.

Apuvrs, Results of the adult mosquito
tests are given in table 2. This table
shows that resistance to DDT among
adult female mosquitos had already been
detected in the 1958-1960 survey. LCso
values of DDT and dieldrin would be
higher than 4 percent in the 1965 survey,
which indicates resistance to these insecti.
cides in the adult “average population.”
Resistance to malathion had not been
determined.

Discussion

Susceptibility levels to chlorinated hy-
drocarbon insecticides in the larval “ayer.
age population” had not been significantly

LC50 LCQD
ppm ppm
——--0  1958-60: 0.09 0.39
DT I e u0s 0.39
O—rmi 1958-60: 0.14 >05 (~1)
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Fie. 1.~Dosage mortality curves for the “average population” of Culey pipiens molestus larvae in
srael, to three chlorinated hydrocarbon insecticides in 1958-1960 and in 1965 (according to data

iven in table 1).
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TaBLE 2.—Average percentage mortality
(ESEM.) in Culex pipiens molestus
adult populations, 24 hours after 1

hour exposure to indicated concen-
trations * of various insecticides,
during 1958-1960 and 1965

surveys.
Malathion
DDT (4 Dieldrin (4 (3.2
Year percent) percent) percent)
1958-1960 28 6 .. ..
1965 30.2%6.6 33.1%7.3 95.8%3.3

* W.H.O. impregnated papers.

changed from 1958-1960 to 1965. These
susceptibility levels are not, however, con-
sidered as “normal.” It has been shown
(Davidson 1964) that Culex pipiens
molestus and Culex pipiens fatigans ap-
proximate the same “normal” levels of
susceptibility. Hamon and Mouchet
(1965) indicated that LCioo for larvae
of susceptible Culex pipiens fatigans popu-
lations must be equal or less than o.07
p-pm. of dieldrin and 0.36 p.p.m. of DDT
when tested by the W.H.O. method. In
the present study LCgo values of dieldrin

LCxp LCgp
ppm ppm
o—---0  MALATHION 7958- 60: 0.0065 0.026
PR " 1965:  0.04 0.1
a=.=s  DIAZINON 1965:  0.043 0.12
g=——t FENTHION 1965:  0.0033  0.019
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Fie. 2—Dosage mortality curves for the “average population” of Culex pipiens molestus larvae
in Israel to three O-P compounds (according, to data given in table 1).



196 Mosourro News VoL. 27, No. 2
MALA-
D.D.T  y-B.H.C. THIoN DRIAZINON FENTHION
60 L
B &
501 o |e
o
* - @
v [0~
o
C 3
1]
30 F
- |
g
20 |-
v
> L
w10 -
v i
o
0 -

Relative resistance =

Susceptibility level of g given strain

Susceptibility level of the most susceptible

Fre. 3.—The distribution of relative resistance
tions of Culex pipiens molestus larvae in 196s,
tive resistance of the larval “average population
(further details are given in the text).

and DDT as determined for the larval
“average population” were found to be
higher than the LCroo indicated by
Hamon and Mouchet for susceptible popu-
lations of Culex pipiens fatigans. It would
seem, therefore, that physiological resist-
ance to DDT and dieldrin should be
suspected according to these criteria.
The W.H.O. criterion for determining
resistance (Symes, Thompson and Bus-
vine, 1962) indicates however that when
an LCs0 above 1 p.p.m. DDT is found
for Culex spp. larvae, resistance should
be suspected. A comparison with avail-
able data for susceptible populations of

strain

to 5 insecticidal compounds among various popula-
at LCs0 and LCgo levels.

8

Histograms represent rela-
Reference strain used was that from Beit-Haemeck

Culex  pipiens fatigans (Hamon and
Mouchet 1965) leads to a conclusion that
the “average population” of Culex pipiens
moléstus larvae in Tsrael has shown re.
duced susceptibility to the tested chlor-
inated hydrocarbon compounds, but no
resistance to these insecticides has been
achieved,

Tahori  (1961) wusing the W.H.O.
method, had studied five different popu-
lations of Culex pipiens molestus in Tsrael
for their susceptibility to DDT., LCso
values of four larval populations in his
study were found to be at the same range
given for DDT in Table 1 of this paper.



Jung, 1967

Mosgqurto NEws

197

In one case, however, a highly resistant
population was detected (LCso above 10
p.pm.). This resistant population was
collected in a breeding place being regu-
larly DDT-oiled, which is not common
in this country as an antilarval measure.
Nevertheless this finding proved that
DDT resistance could be developed among
local larval populations in the field, after
treatment with the insecticide. A labora-
tory investigation (Barkai and Rosen
1964) demonstrated that larvae of Culex
pipiens molestus from this country ac-
quire genetical mechanisms for the de-
velopment of resistance to DDT. An
LCs0 of 42 pp.m. DDT was reached
after a selection of fourth stage larvae,
during 10 successive generations, through
a constant concentration of 1 p.p.m. DDT,
the initial LCs0 of the population being
0.25 p.p.m.

Reststance of the adult “average popu-
lation” to DDT and dieldrin, as demon-
strated in the present study, is probably
a consequence of the widespread use of
these insecticides in agriculture as well as
for household insect control. Residual
spraying with dieldrin in public health
operations has not been carried out in
this country whereas DDT has been used
during the antimalarial campaign in vari-
ous regions. The possibility of cross re-
sistance between DDT and dieldrin seems
unlikely since, as observed for Culex
pipiens fanigans, the genes that determine
resistance to these insecticides are prob-
ably independent (Davidson, 1964).

The results obtained in this study with
chlorinated hydrocarbon insecticides re-
call other observations on the phenomenon
that resistance in populations of adult
mosquitos does not necessarily imply re-
sistance upon larvae of same populations
(Hamon and Mouchet 1965. Burnett and
Ash 1961).

In spite of the reduced susceptibility
to malathion that had been observed in
1965 in comparison to 1958-1960, it may
be concluded that the “average popula-
tion” of Culex pipiens molestus larvae
in Israel is still susceptible to the three

tested O-P insecticides. The adult “aver-
age population” seems also to be suscepti-
ble to malathion.

An interesting phenomenon of reduced
susceptibility to fenthion was observed
during the 1965 survey. Three different
populations from the region of Wadi-
malcha were tested during this survey.
In this wadi fenthion has been applied
since 1963 as a larvicide in a stream of
water contaminated by sewage (Barkai
et al. 1964). Previous treatments with
malathion and parathion as larvicides had
also been applied in this stream (Saliter-
nik ez al. 1963). Samples of larvae had
been collected during the 1965 survey
from: 1) focus of treatment; 2) down-
stream, at a distance of 15 km from the
focus of treatment; 3) downstream, at a
distance of 50 km from the focus of
treatment. LCso values of fenthion in
these three populations were the highest
among the 12 populations tested for
fenthion during 1965—being 0.03, 0.012
and 0.0065 p.p.m. for 1), 2}, and 3) re-
spectively. The most susceptible popula-
tion tested in 1965 had an LCs0 of 0.0008
p-pamn. fenthion. It was also interesting
to notice that survivors to 3.2 percent
malathion among the 12 different popu-
lations tested for determining resistance
in adult mosquitos, were contributed only

by the three populations from the region
of Wadi-malcha.

SumMMARY

Surveys to detect insccticide resistance
among local poulations of Culex pipiens
molestus had been carried out in Israel
during 1958-1960 and 1965.

During 1958-1960, larval populations
were tested for their susceptibility to
DDT, dieldrin, lindane and malathion,
whereas adult female populations were
tested only for DDT resistance. The 1965
survey included additional tests of larval
populations with diazinon and fenthion
and of adult female populations with
dieldrin and malathion. W.H.O. methods
were applied for susceptibility tests. Local-
ities chosen for collecting mosquitos dur-
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ing the 1965 survey were not necessarily
the same as those chosen previously for
the r958-1960 survey. LCso and LCgo
of various tested insecticides were deter-
mined for separate larval populations and
for the larval “average population” in
both surveys. Reduced susceptibility to
the tested chlorinated hydrocarbon in-
secticides had been determined for the
larval “average population” during the
1958-1960  survey. No  considerable
changes were observed for its susceptibil-
ity levels to these insecticides in 1965.

This larval “average population™ has,
however, shown reduced susceptibility to
malathion in 1965 compared to the situ-
ation in 1958-1960. The susceptibility
level of the larval “average population”
to fenthion, in 1965, was higher than
that to malathion or diazinon. Resistance
to DDT had been observed in the adult
female “average population” during 1958-
1960. A similar level of resistance to
DDT and a dieldrin resistance in adult
female “average population® had been
observed during 1965. No resistance to
malathion had been detected in that year
among adult female populations.
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