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of resistance in the parental stocks is normal and to detect possible segrega-
tion in the progeny. Many workers used only one or two dosages.

4. It has been shown that different methods of measuring resistance
give values of quite different magnitudes-e.g., Busvine i found a resistance
ratio of x 300 with an acetone solution of DDT and x 16 with an oil
solution, and Crow,k using Drosophila, found a ratio of x 2000 with 24-hour
exposure to low deposits of DDT and a ratio of x 6 with 6-hour exposures
to heavier deposits. The best method should give a normal type of curve
of distribution of susceptibility for a non-resistant strain. Methods which
seem to indicate a range of several hundredfold difference in susceptibility
within a single strain should be suspect. This type of result is probably
an artifact, due to the contamination of the insect or the penetration of
the cuticle not being proportioned to increases in " dosage ". Exposure
to dry residues of DDT at different rates are likely to give this type of very
flat " dosage "/mortality curve.

5. Insufficient attention is often given to variations in susceptibility
due to environment rather than to genetic constitution.

Busvine, J. R. (1951) Nature (Lond.), 168, 193
k Crow, J. F. (1954) J. econ. Ent., 47, 393

DDT-Resistance in Drosophila melanogaster
by J. R. BusvwNE, D.Sc., Reader in Entomology as applied to Hygiene,
London School of Hygiene and Tropical Medicine, England

Attempts have been made in at least nine laboratories to produce
insecticide-resistant strains of Drosophila melanogaster. Usually, the
object has been to investigate the inheritance of this character, notwith-
standing the fact that there is no evidence to show that resistance in Droso-
phila would be similar to that shown by other insects, either physiologically
or genetically.

Methods of exposure to insecticide. Sokal & Hunter a and Tsukamoto
and Ogaki b, c, d treated the larvae by adding DDT to the breeding medium;
other workers selected for resistance by exposing the adults.

Tattersfield and co-authors e and King f used an aerosol or spray
treatment, while most of the others exposed flies to measured DDT deposits.
Wiener and Crow,g, h however, merely added DDT crystals to the cages
in which the flies were kept.

a Sokal, R. R. & Hunter, P. (1954) Science, 119, 649
b Ogaki, M. & Tsukamoto, M. (1953) Botyu-Kagaku, 18, 100
c Tsukamoto, M. (1953) Botyu-Kagaku, 18, 39
d Tsukamoto, M. & Ogaki, M. (1954) Botyu-Kagaku, 19, 25
e Tattersfield, F., Kerridge, J. & Taylor, J. (1953) Ann. appl. Biol., 40, 498
f King, J. C. (1954) J. econ. Ent., 47, 387
g Wiener, R. & Crow, J. F. (1951) Science, 113, 403
-h Crow, J. F. (1954) J. econ. Ent., 47, 393
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Measuring resistance. Usually the method of selection was used to
measure the degree of resistance. Where the larval medium was treated
the percentage emergence at different levels was observed.

Several authors give mortality/deposit curves for exposures to treated
filter papers.g,h i Tattersfield and co-authors e obtained mortality/con-
centration curves from spray tests.

Mortality/exposure-time curves were obtained by Bartlett, i using
treated papers and King,f using aerosol.

Crow's results h are particularly interesting, because he used several
more or less different methods to measure resistance. Exposing to low
deposits for 24 hours, he got a resistance ratio (MLD resistant strain:
MLD normal) of X 2000. But with higher deposits and a six-hour exposure,
the ratio was only x 6. On the same two strains a topical application
method gave a ratio of x 4.

That the very high ratio with the 24-hour exposure was an artifact of
the method, is shown by the fact that individual dose/mortality curves are
very flat in this range. (One strain requires a 2000-times increase in dose
to raise mortality from 10% to 95%.)

Rather similar results can be observed in Ogaki & Tsukamoto's curves
for DDT.b

Rate of increase in resistance. Several workers found a fairly rapid
rise in resistance in the first eight to 13 generations, followed by no further
increase, at least as far as the 20th to 24th generation. b,f h Other
found little or no effect in the first nine or 10 generations, followed by a
gradual rise to the 20th or 23rd generation. af

Maximum resistance obtained. The levels of resistance obtained were
not generally high, except in two cases which are probably due to the very
flat dosage/mortality curves already mentioned.
DDT-resistance:

BartlettJ x 2.5-3
Wiener & Crowg x 4
Crow h X 2000 (24 hours); x 6 (6 hours); x 4 (topical application)
Kingf x 2.5
Sokal & Hunter a x 5
Ogaki & Tsukamoto b ( x 300)

BHC resistance:
Oppenoorth & Dresdeni x 3-4
Tsukamoto & Ogakid (x 4)

DFDT-resistance:
Riemschneider k ( x 2)

The ratios given in parentheses are not quoted by the authors but are
inferred from their data.

i Oppenoorth, F. J. & Dresden, D. (1953) Bull. ent. Res., 44, 395
j Bartlett, B. R. (1952) Canad. Ent., 84, 189
k Riemschneider, R. & Rohrmann, B. (1950) Anz. Schidlingsk., 23, 148
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Type of resistance. Bartletti found resistance to DDT associated with
that to DFDT and possibly some tolerance of HCN. Oppenoorth &
Dresdeni found a BHC-resistant strain less than normally susceptible to
DDT and " Thanite ". Tsukamoto & Ogaki d claim that DDT-resistance
strongly correlated with BHC-resistance and is probably due to the same
genetic and physiological mechanism.

Mode of inheritance. Oppenoorth & Dresden i made reciprocal cross-
ing tests of a BHC-resistant strain and a normal one. Both the F1 genera-
tions were nearly as resistant as the resistant parent, and the authors
conclude that this character is incompletely dominant.

Tsukamoto and Ogaki b, c, d found resistance to DDT and BHC domi-
nant. They carried out fairly complex crossing tests, using mutation-marked
susceptible strains, and concluded that (a) there is only one gene (or a few
genes) for DDT resistance; (b) it is on the second chromosome and is not sex-
linked; and (c) there is a gene for BHC-resistance which is either the same
as or an allele of the DDT-resistant gene.

On the other hand, Kingf found the F1 generations of resistant x normal
crosses were intermediate in susceptibility and the F2 generations slightly
more susceptible and more variable. He concluded that DDT-resistance
was polygenic in inheritance. Crow h obtained rather similar results, and
Nachtsheim & Luers ' state that resistance -appears to depend on a number
of cumulatively semi-dominant factors (though they do not give data).

Other data. Luers m found that exposure of a strain of Drosophila to
DDT did not increase its mutation rate as judged by the appearance of
lethal mutants in the X-chromosomes.

I Nachtsheim, H. & Luers, H. (1954) Munch. med. Wschr., 96, 1274
m Luers, H. (1953) Naturwissenschaften, 10, 293

A Colorimetric Method for Estimation
of DDT and BHC
by ERNEST PAULINI and SERGIO ROUBAUD REIS,
Instituto Nacional de Endemias Rurais, Belo Horizonte, Brazil

A chemical field test for demonstration of the presence or absence of
DDT or BHC residues on sprayed surfaces in a nationwide house-spraying
programme becomes all the more important when the purpose of the
programme is malaria eradication. The aim of the test then becomes
twofold: first, to demonstrate that the area has been completely covered
with insecticide, and secondly, to see that the insecticide has remained at
least partially effective until the next cycle of application. The sorption


