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which malathion has not yet been used. The estate
strain was found to have lost some of its resistance
to dieldrin (1.6% concentration killed 25% as against

5% when first tested) following seven months'
rearing in the laboratory without further exposure
to insecticide.
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Culex pipiens fatigans Wiedemann has been
shown to be resistant to DDT and other chlorinated
hydrocarbons in many areas of the world, presum-
ably as a result of the extensive application of these
insecticides for vector and pest control. Yson &
Kruse a demonstrated that larvae of this species in
Manila, Philippines, required heavy concentrations
of DDT for effective kill.

In 1957 a colony of C. p. fatigans from the Philip-
pines was established in the Laboratories of Medical
Entomology, Johns Hopkins University School of
Hygiene and Public Health, Baltimore, Md., USA,
from material collected near Manila and Angeles
by Dr Louis C. LaMotte. A comparison of this
colony with a C. p. fatigans population originating
in Galveston, Texas, showed the larvae of the former
to be about 13 times more resistant to DDT at the
LC50 level, and about 40 times more resistant at
the LCgo level. A year later another comparative
test was made, which showed the larvae of the
Philippine population to have an almost identical
response to DDT and to be considerably more
resistant than the larvae of C. p. pipiens and C. p.
molestus from Baltimore. In comparing the regres-
sion lines obtained by plotting the dosage-mortality
responses, it appeared that 0.1 part per million
(p.p.m.) should be a fairly satisfactory discriminating
dose. Philippine C. p. fatigans and Baltimore C. p.
pipiens are interfertile (Rozeboom b), and accord-
ingly, a series of crosses between the Philippine
C. p. fatigans and the Baltimore C. p. pipiens were

* The work described here was supported in part by a
grant from the National Institutes of Health, Bethesda, Md.,
USA.

a Yson, C. 0. & Kruse, C. W. (1955) J. Philipp. med. Ass.,
31, 567

b Rozeboom, L. E. (1958) Amer. J. trop. Med. Hyg.,
7, 526

made, and larvae of the several crosses were tested
with 0.1 p.p.m. DDT.
The object of this experimentation was to deter-

mine whether such a test could be applied to an
analysis for resistant genes, and whether the resist-
ance of the Philippine<colony was due to a single
gene or to several genes. It was also of interest to
obtain information as to whether the resistance on
the part of the Philippine mosquito was in fact due
to selection following the use of DDT, or whether
this population was a more vigorous form and
hence more tolerant to insecticides.

Materials and methods
The Philippine C. p. fatigans was colonized from

material collected near Manila and Angeles, and
hence probably represents a hybrid of the popula-
tions indigenous to these well-separated localities.
The C. p. pipiens colony had been established some
years ago from mosquitos collected on the periphery
of Baltimore, and had been maintained continuously
in the laboratory.

In setting up a cross, from 50 to 100 or more
adults of both sexes were placed in a 1 cubic foot c

breeding-cage and were kept there until sufficient
numbers of egg rafts had been obtained. A chick
was placed in each cage as needed for blood feeding.
Since it was desirable to run several larvicidal tests
simultaneously, the parent adults were maintained
for a sufficiently long time for them to produce
fresh F1 eggs at the time that the older F1 adults
from the same parents were producing the F2 and
backcross eggs. However, it was also necessary to
add new adults to some cages. Egg production could
be regulated by simultaneous feeding of blood to
the females. Larvae from these eggs were reared

c 1 cubic foot = 30 dm3.
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TABLE 1
MORTALITIES OF LARVAE 24 HOURS AFTER TREATMENT WITH 0.1 p.p.m. DDT: EXPERIMENT I

Observed Expected Difference SE of
Generation Cross a No. of pans No. of larvae ralkilWxetio c

Pi Px P 17 1 102 99.4

,.9 Fx F 17 1114 27.0

F, Fx P 5 334 14.0

it PPx F 28 1921 24.4

F2 FP x FP 30 2 049 32.7 41.2 b 8.5 1.1 < 0.001

go PF x PF 18 1157 41.7 41.2 0.5 1.1 -

Backcross PP x PF 11 760 51.8 61.9 10.1 1.8 < 0.001

Backcross PF x PP 3 209 51.2 56.7 5.5 3.4 0.11

Backcross FP x FF 4 278 9.4 25.7 16.3 2.1 < 0.001

a p = susceptible C. p. pipiens; F = resi stant C. p. fatigans; FP = Y fatigans x 3 pipiens. In the designation of crosses or gene
types, the Y precedes the &.

b The expected kill of this cross was determined as follows:
FP x FP = FF = 0.25 x 0.27 = 0.0675

FP = 0.25 x 0.14 = 0.0350
PF = 0.25 x 0.244 = 0.0610
PP = 0.25 x 0.994 = 0.2485

Total = 0.4120

c SE = standard error = PCn

under as nearly comparable conditions as possible
and young fourth-stage larvae were used for testing.
For a test, 70 larvae were placed in a 7 by 11 inch

(18 by 28 cm) white enamel pan in 1 litre of water.
For each cross or parent population, there were
2 to 9 (usually 3 to 5) experimental and 1 or 2 control
pans. After all the larvae had been distributed
among the pans, DDT was applied in the form of an
acetone solution, containing 0.1 mg of DDT per
ml of acetone. The addition of 1 ml per pan thus
delivered a dosage of 0.1 p.p.m. of DDT. Control
pans were treated with 1 ml of acetone. Larval
mortalities were determined after 24 hours. Ex-
perimental mortalities were corrected by Abbott's
formula.d

In a given replicate, both parent strains were
tested against as many cross populations as possible.
Unfortunately, it was seldom possible to include
all crosses in a single replicate; the differences in
availability of material are reflected in the numbers
of pans and larvae shown in Tables 1 and 2.

Larvae which had pupated during the exposure
period were not included in the results. Occasion-

d Abbott, W. S. (1925) J. econ. Ent., 18, 265

ally, it was found on separating dead from living
larvae that 71 or 72 larvae had been placed in a pan
instead of the intended 70.
The analysis of results was based upon the follow-

ing hypothesis: If 0.1 p.p.m. DDT killed 90% of the
susceptible C. p. pipiens (S) and 10% of the resistant
C. p. fatigans (R) larvae, and if the F1 larvae showed
almost complete dominance, then the expected
results in the F2 larvae would be:

/4RR = 0.25 x 0.10 = 2.5% kill
l/2 SR = 0.50 x 0.10 = 5.0% kill
¼/4SS = 0.25 x 0.90 = 22.5% kill

Total F2 kill = 30.0%

Similar estimates were made for backcrosses.
The expected kill for each experiment was thus based
upon the observed mortalities in the susceptible and
resistant parent strains, and in the F1 larvae.

Results
Two series of tests were run; in the first (Experi-

ment 1) there were 5 and in the second (Experiment 2)
6 replicates. The results are summarized in Tables
1 and 2. In Experiment 1 the mortalities in both
populations of F1 larvae were lower than the mor-
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TABLE 2
MORTALITIES OF LARVAE 24 HOURS AFTER TREATMENT WITH 0.1 p.p.m. DDT: EXPERIMENT 2

Generation ~~~~~~~Observed Expected Difference SE of I
Generation |Cross No. of pans No. of larvae kill kill expected P

W M ~~~~~~~~~~~ratio

Pi Px P 34 2380 98.0

to Fx F 34 2374 7.4

F. FFx P 10 700 3.9

to PPx F 24 1 680 40.2

F2 FP x FP 15 1 050 19.8 37.4 17.6 1.5 < 0.001

.. PF x PF 24 1 689 45.5 37.4 8.1 1.2 < 0.001

Backcross PP x PF 24 1 673 61.7 69.1 7.4 1.1 < 0.001

Backcross PF x PP 24 1 680 67.2 51.0 16.2 1.2 < 0.001

Backcross PF x FF 15 1 049 21.2 23.8 2.6 1.3 0.05

For explanation, see Table 1.

tality of the resistant C. p. fatigans larvae, thus
indicating complete dominance for resistance. In
one F2 and in one backcross population there was
no significant difference between the mortalities
observed and those expected on the basis of a single
dominant gene for resistance. In the other F2 popula-
tion and backcrosses, the differences between the
expected and observed mortalities varied from 5.5 to
16.3 percentage points.
The results of Experiment 2 differ from those of

Experiment 1 in that the F1 P x F mortality was
40.2%, thus being intermediate between the mor-
talities shown by the parent strains. The F1 F x P
cross showed a mortality similar to that of the
resistant C. p. fatigans parent strain. The differences
between the observed and expected mortalities for
monofactorial inheritance in the F2 and backcross
populations varied from 2.6 to 17.6 percentage
points.

Discussion

It has been pointed out by Milani e that most
populations which have acquired resistance as a
result of natural selection have shown monofactorial
inheritance for this resistance. For mosquitos, single
gene inheritance for resistance to DDT by Aedes
aegypti has been demonstrated by Qutubuddin f;

e Milani, R. (1958) In: Pan American Sanitary Bureau,
Seminar on the Susceptibility of Insects to Insecticides, 26-28
June 1958, Panama City, p. 193

f Qutubuddin, M. (1958) Bull. Wld Hlth Org., 19, 1109

to dieldrin and BHC by Anopheles gambiae by
Davidson; g, h and to DDT by Anopheles sundaicus
by Davidson.h

In the present study, the differences between the
observed and expected mortalities based on single
gene inheritance varied from 0.5% to 17.6%. Of
10 F2 and backcross populations, the difference in
6 was 8.5 percentage points or less. Qutubuddinf
also shows discrepancies between observed and
theoretical kills of up to about 10% in some of his
crosses.

Sokal i has made the statement that DDT resist-
ance " as currently studied and analyzed is intrinsi-
cally very poor material for genetic research ". This
is certainly true of the mosquito populations that
were employed in the present work. No attempt
was made to increase the resistance of the C. p.
fatigans colony by continued laboratory selection.
Although the frequency of the genes for resistance
appeared to have remained fairly constant during
the year when the experiments were performed, the
fact that the colony subsequently lost its resistance
indicates that at the time of experimentation the
C. p. fatigans population was not homozygous for
the resistant genes. As the crosses all involved 50 to
100 or more males and females, considerable hetero-
geneity must have existed in the experimental mos-

g Davidson, G. (1956) Nature (Lond.), 178, 863
h Davidson, G. (1958) Bull. Wid Hlth Org., 18, 579
i Sokal, R. R. (1958) In: Pan American Sanitary Bureau,

Seminar on the Susceptibility of Insects to Insecticides, 26-28
June 1958, Panama City, p. 216
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quitos. Experimental cross populations were tested
not against larvae which had produced the parental
adults, but against larvae from the parental colonies.
Addition of adults from time to time to the breeding
cages to ensure supplies of fresh eggs no doubt also
contributed to variability. Although attempts were
made to rear larvae under comparable conditions,
the environment from pan to pan undoubtedly
varied somewhat in food supply, temperature, and
other factors which could affect the response to

insecticides. Finally, one of the most important
sources of error is the variability any assemblage
of animals exhibits to a poison. Considering all these
sources of experimental error, it is perhaps surprising
that the results agree so closely as they do with the
expected values, even though they cannot withstand
statistical analysis. The writers believe that they
merit notice as evidence that in the Philippine
C. fatigans population, DDT resistance is probably
due to selection for a single dominant gene.

The Importance of Synthetic Pyrethroids *

by J. R. BUSVINE, London School of Hygiene and Tropical Medicine, London, England

The intensive research which finally elucidated
the structure of the pyrethrins and cinerins in natural
pyrethrum made possible the synthesis of a num-
ber of analogous compounds. This permitted
investigation of the effect of variations of molecular
form on toxicity, and led to production of some
synthetic pyrethroid insecticides.
The relations between structure and toxicity have

been well reviewed by Elliott.a In general, com-
paratively small changes in the main structure of
the molecule lead to more or less complete loss of
toxicity, suggesting that steric relations are important
in the toxic action. Changes are possible in the un-
saturated side-chain (R2) of the keto-alcohol; and
these have been exploited to produce the new syn-
thetic insecticides allethrin, furethrin and cyclethrin.
Recently, some experimental variations of the acid
part of the molecule have revealed a promising
compound, in which a phenyl group is substituted
(at R1) for the isobutylene group on the cyclopropane
ring (Weiser b). (See accompanying figure.)
The complexity of the subject is increased by the

fact that both the acid and keto-alcohol components
of pyrethroids can exist as cis- or trans-forms and as
dextro- or laevo-rotatory forms, so that there are
eight possible isomers. The relative toxicity of these
to insects has been investigated, directly and in-
directly, by Elliott et al.c and by Gersdorff& Mitlin.d

* Revised version of note submitted to WHO Expert
Committee on Insecticides, September 1959

a Elliott, M. (1954) J. Sci. Food Agric., 11, 505
b Weiser, J. (1958) Vestn. esl. Zool. Spolee., 22, 353
c Elliott, M. et al. (1950) Ann. appl. Biol., 37, 490
d Gersdorff, W. & Mitlin, N. (1953) J. econ. Ent., 46, 999

STRUCTURAL FORMULAE OF PYRETHROID
INSECTICIDES
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These workers found that the (+) forms of the acid
component conferred very much more activity than
the (-) forms. It seems that the (+) forms of the
keto-alcohol are also more insecticidal than the (-)
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