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Induced Regression of Dieldrin-Resistance
in the Housefly (Musca domestica L.)*

G. P. GEORGHIOU,1 R. B. MARCH 2 & G. E. PRINTY 3

A high degree of resistance to cyclodiene insecticides, which appeared in a previously
susceptible housefly strain maintained without exposure to insecticides but propagated
from early-emerging adults to increase susceptibility to DDT, was found to be due to a
single autosomal factor. Subsequent selection of a substrain for late adult emergence over
50 generations was unsuccessful in materially reversing the dieldrin-resistance or in
demonstrating that selection of early-emerging flies was responsible for its appearance.
However, selection andpropagation of the knockdown-susceptible fraction of the population
with lindane over 30 generations eliminated cyclodiene-resistance entirely. This method
can be of value in maintaining laboratory strains at a normal level of susceptibility to
cyclodiene insecticides. It is apparent, nevertheless, that various manipulations of a
standard strain may affect its toxicological as well as other characteristics. The authors
stress that when a standard reference strain is required for an extended period of time,
it should be rigorously controlled and continuously evaluated.

Although most insecticide-resistant strains of
insects have been produced through selection
pressure and propagation of survivors, there are a
few instances of development of resistance in labo-
ratory strains which have not been intentionally
exposed to insecticides. The appearance of such
resistant strains may impose severe setbacks in long-
term projects and raise several questions as to their
origins and physiological bases. This paper describes
attempts to induce regression of dieldrin-resistance
in a laboratory strain which was found to have
developed high resistance to this insecticide without
having been exposed to any insecticidal pressure.
In the course of this study, cross-tolerances, knock-
down and recovery, and inheritance of dieldrin-
resistance have also been examined.

Several cases of increased tolerance without
insecticidal pressure have been cited by Brown
(1958). An extreme case appears to be that of a
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colony of Culex fatigans Wied. in India, which in
10 months of laboratory rearing showed zero
mortality on 30-minutes' exposure to DDT dosages
which previously gave 100 % mortality on 20-minutes'
exposure. There was also a similar loss of BHC-
susceptibility (Newman, Aziz & Koshi, 1949). A
more recent case concerns a susceptible colony of
Anopheles albimanus Wied. originating in Panama
City, Panama, which became resistant to dieldrin
while under rearing at the Shell Development
Company's agricultural research laboratory at
Modesto, California. The susceptibility levels of
this strain were studied in our laboratory and found
to exhibit an increase in LC50 for larvae from an
original level of 0.0022 p.p.m. of dieldrin to a
present 0.4 p.p.m. (i.e., an increase of 182-fold);
the adults were similarly highly resistant to dieldrin,
with an LC50 of > 16 ,tg/cm2 (Georghiou & Metcalf,
1961).
The present study concerns a susceptible strain

(Laboratory strain) of the housefly (Musca domestica)
which was obtained in 1948 from the Stauffer
Chemical Company, Mountain View, California,
and subsequently reared in our laboratory by
standard methods (March & Metcalf, 1949). The
rearing-room utilized is air-conditioned and strict
precautions are taken to exclude the possibility of
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TABLE I

SUSCEPTIBILITY LEVELS OF THE " LABORATORY"
STRAIN OF MUSCA DOMESTICA TO DDT, DIELDRIN

AND LINDANE, 1948-62

24-hour LDso per female fly
Insecticide

1948 a 1952 b 1959 1960 1962 c 11962 d 1962 e

DDT 0.033 0.039 0.039 0.092 0.055 0.078 0.038

Dieldrin - 0.031 0.38f 0.38f 0.05g 0.18h 0.021

Lindane 0.01 0.01 0.085 0.18 0.10 0.14 0.031

a March & Metcalf (1949).
b March (1952).
c Without special manipulation.
d Selected since February 1959 for late adult emergence

(Fs5 Late-Lab.)
e Selected since October 1960 for knockdown-susceptibility

to lindane (F3o KD-Lab.).
f Ld-p line flattens out at 58% mortality level. Population

composed of approximately 15% susceptible, 43% heterozygous
and 42% resistant.

9 Ld-p line flattens out at 95% mortality level. Population
composed of approximately 83% susceptible, 12% heterozygous
and 5% resistant.

h Ld-p line flattens out at 70% mortality level. Population
composed of approximately 49% susceptible, 21% heterozygous
and 30% resistant.

contamination by chemicals. The original suscep-
tibility levels of this strain to DDT, lindane and
dieldrin were 0.033, 0.01 and 0.031 pg/female fly,
respectively (Table 1).

During the period from 1950 through 1959
monthly determinations of the susceptibility of the
Laboratory strain to DDT were carried out and the
individual mortalities at each dosage for the 12
monthly determinations of each year were averaged
to yield information on the yearly average response
of the strain to DDT (Table 2). Although a certain
degree of fluctuation in DDT-susceptibility was
evident from 1950 through 1957, there was a definite
trend toward increasing tolerance to DDT. In order
to counteract this trend, an attempt was made in
1958 to increase susceptibility by propagating only
the early-emerging flies of each generation. This
action was suggested by the study of McKenzie
& Hoskins (1954), in which a strain of houseflies
moderately resistant to DDT was segregated into
early- and late-pupating substrains and resistance
of the adults to DDT decreased slightly in the early
substrain and increased sixfold to eightfold in the
late substrain. The selection of early-emerging flies
in our Laboratory strain resulted in a marked

decrease in the numbers of the more DDT-tolerant
flies in the strain but no increase in the lower limits
of susceptibility to the original level. Thus the most
susceptible segment of the original population was
not recovered even though the median lethal
response was approximately equal to that in 1950.
Selection of early-emerging flies maintained this
condition through 1959.

However, a check on the susceptibility of the
strain to other insecticides in February 1959 revealed
the presence of considerable resistance to the
cyclodiene insecticides-dieldrin, aldrin, and hepta-
chlor-and to related insecticides such as toxaphene,
the respective dosage-mortality lines showing 40%
or more of the population to be resistant to these
compounds. Resistance to lindane was also elevated
by 8.5-fold. The selection of early-emerging flies
was discontinued and by October 1960 the LD50 for
DDT again increased to 0.092 ,ug/female fly and for
lindane to 0.18 ,tg/female fly (Table 1).

It was considered unlikely that the observed
resistance of the Laboratory strain was due to its
partial contamination with one or more of the
resistant strains maintained in the same rearing-
room, since it did not exhibit a resistance spectrum
comparable with that of any of these strains. It
showed approximately 42% of the population to be
completely resistant to dieldrin without showing a
comparable increase in resistance to DDT as present
in our multi-chlorinated-hydrocarbon-resistant strain
(Super Pollard) or to DDT and certain organo-
phosphorus compounds as present in various
organophosphorus-resistant strains.

It has been shown in several species of insects
that dieldrin-resistance, once firmly established, will
persist for a considerable number of generations
after cessation of the selection pressure. A field-
collected housefly strain (Pollard strain) retained
its high dieldrin-resistance in our laboratory without
exposure to insecticides for nine years before it was
discarded (R. B. March, unpublished data). A
colony of the eye gnat Hippelates collusor (Townsend)
reared in the laboratory from 1957 to 1960 retained
its original level of dieldrin-resistance throughout
this period (Georghiou & Mulla, 1961). The colony
of Anopheles albimanus, referred to earlier, which
became dieldrin-resistant in mid-1960, has at present
lost relatively little of its resistance. Some of these
cases may be the result of extreme homozygosity for
resistance. They may also be due to factors con-
currently favouring a prevalence of resistant indivi-
duals, such as a higher reproductive potential in
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TABLE 2
YEARLY AVERAGE RESPONSE OF THE " LABORATORY " STRAIN TO DDT, BASED ON

12 MONTHLY DETERMINATIONS FOR EACH YEAR

DDT 24-hour percentage mortality
(,.ug/fernale 195 ___i-____

fly) 1950 1951 1952 1953 1954 |1955 1956 1957 1958 1959

0.01 18 31 24 5 10 11 5 2 3 2

0.02 44 38 31 15 15 8 5 4 4 3

0.04 60 53 45 27 40 15 32 24 61 64

0.06 68 50 - - - - - - - -

0.08 84 88 75 57 66 47 63 47 87 94

0.1 92 90 87 75 81 74 85 65 96 94

resistant insects as observed in houseflies by Afifi
& Knutson (1956), or hybrid sterility in resistant x

susceptible Anopheles gambiae Giles as reported by
Davidson (1958). This information on the per-

sistence of dieldrin-resistance, and the knowledge
of the extent of resistance in the Laboratory strain
precluded any hopes that it might revert to a normal
level within a reasonable period of time. Therefore,
an explanation for the. appearance of this resistance
and possible means of inducing its regression were

explored.
One method for selecting for DDT-susceptibility

is based on the finding that susceptible strains have
shorter life-cycles than resistant ones (Bruce, 1949),
and that within the same strains, individuals with
shorter life-cycles are more susceptible to DDT
than those with longer life-cycles (Pimentel et al.,
1951). In the work of McKenzie & Hoskins (1954),
referred to earlier, it was observed that although
resistance to DDT in the late-pupating flies increased
sixfold to eightfold after 15 generations, when
segregation of the late-pupating substrains was

continued for 53 generations it led to a slow increase
in susceptibility to DDT to a new level greater than
that of the unselected check strain, and to approxi-
mately a twofold increase in susceptibility to aldrin
and dieldrin. The time from the oviposition to the
midpoint of pupation period simultaneously de-
creased approximately to that of the check strain.
Employing the same principle, Kerr et al. (1957)
found that propagating late-emerging adults of a

susceptible housefly strain resulted in a ninefold
level of resistance to DDT, but no change in suscep-

tibility to lindane, ailethrin, diazinon or sodium
arsenite.

Previous experiments on inducing reduction of
resistance by insecticidal manipulation utilized DDT-
resistant insects. Cole & Clark (1958) found that
selection of body-lice (Pediculus humanus humanus L.)
for knockdown and recovery with 3-p-chlorophen-
oxy-1,2-propane oxide for 45 generations did not
result in complete return to DDT-susceptibility.
Similarly, differences in knockdown and recovery due
to the negative temperature coefficient of DDT pro-
vided a means of maintaining a susceptible laboratory
colony at a consistently low level of resistance but
not of obtaining a completely DDT-susceptible
housefly strain (Tahori, 1961). By a similar method,
Keiding (in Brown, 1958) obtained a housefly strain
susceptible to DDT but not to lindane or chlordane.

It was assumed that the selection of early-
emerging flies for propagating the Laboratory strain
while attempting to increase susceptibility to DDT
might have been responsible for the gradual selection
of an unknown biotic factor with commensurate
expression of cyclodiene-resistance. Thus the first
method of attack on this problem involved a reversal
of the rearing procedure and the propagation of a
substrain of late-emerging flies to determine if this
revised selection would increase susceptibility to
dieldrin and decrease it to DDT. The second method
of attack utilized the ability of flies to recover from
sublethal, knockdown-inducing dosages of lindane,
and a substrain of flies most susceptible to knock-
down by lindane was selected. Selection of the late-
emerging substrain (Late-Lab.) was initiated in
February 1959, and of the knockdown-susceptible
substrain (KD-Lab.) in October 1960. Thus the
susceptibility starting-points (1959 and 1960; Table 1)
of the two substrains are not identical.
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MATERIALS AND METHODS

The Laboratory strain employed in this study
has been described above. Strains utilized to a
lesser extent were the susceptible NAIDM-1948
strain, a multi-chlorinated-hydrocarbon-resistant
strain (Super Pollard), maintained for several years
under constant selection pressure with DDT and
lindane, and an organophosphorus-resistant strain
(Stauffer Chlorthion) maintained under constant
selection pressure with Chlorthion (0-(3-chloro-4-
nitrophenyl) 0, 0-dimethyl phosphorothioate). The
susceptibility levels of these resistant strains have
been discussed in previous papers from this labora-
tory (March, 1959; 1960). These strains are under
continuous rearing, and until 1959 propagation of the
susceptible colonies consisted of periodic transfers of
adults from the breeding-jars to the stock cages.
Since 1959, when resistance to cyclodienes was
noticed, propagation has consisted of weekly trans-
fers of randomly collected groups of pupae from
breeding-jars to the stock cages. Only jars that
indicate completion of pupation but no emergence
are used for this purpose. The rearing temperature
is 80°F (27.2°C) and the relative humidity 60 %.
The insecticides used for the preparation of

standard weight-to-volume acetone solutions were
research samples, purified by standard laboratory
procedures. For the determination of log dosage-
probit mortality lines (ld-p lines), the acetone solu-
tions of the insecticides were applied to the nota of
3-day-old flies by a micrometer-driven 0.25-ml
syringe at the rate of one microlitre per fly. Twenty
flies were treated with each concentration and each
treatment was replicated on at least three different
days with different groups of flies. Treated flies were
held at 60°F (15.5°C) and the percentage mortality
was determined 24 hours later. For knockdown
determination the same method was used except that
observations were made at frequent intervals.

In selecting for late adult emergence, approxima-
tely 10 000 flies were reared in each generation.
Initially all flies emerging after two days were
selected for the stock colony. As larger numbers of
late-emerging flies appeared in the substrain, this
period of time was increased to three days in the
31st generation, four days in the 33rd, and five days
in the 41st.

In selecting for susceptibility to knockdown with
lindane, some 2000-5000 male and female flies less
than 24 hours old of each generation were treated by
topical application and held at 80°F (27.2°C). Flies
knocked down within the first three hours were

segregated, transferred to 60°F (15.5°Q), and the
survivors used as parents for the succeeding genera-
tion. The dosages were chosen to produce the
minimum degree of mortality (usually <10%) but
to select out at least 200 knockdown-susceptible
individuals. The treatments of each generation were
extended over a period of four to six days and
included the great majority of the ffies emerging from
the breeding-jars to avoid selection of any particular
fraction of emerging individuals.

RESULTS AND DISCUSSION

Selection for late adult emergence
Selection by this means was carried out over a

three-year period for 50 consecutive generations.
The resulting substrain showed a considerable
increase in the duration of the immature stages,
emergence of adults from the breeding media extend-
ing from the 10th through the 17th day following
seeding of eggs instead of the usual 10th through the
12th day for the Laboratory strain. No other
biological effects of this selection were noted.
Although not specifically measured, such charac-
teristics as fecundity, longevity, and general vigour
did not appear to have been noticeably affected by
this manipulation. Dosage-mortality evaluations for
DDT, dieldrin and lindane were carried out on the
10th, 21st, 30th, 41st and 50th generations and the
resulting dosage-mortality data are given in Tables 3,
4 and 5.
The effects of selection for late adult emergence

are difficult to interpret. There appeared to be a
relatively consistent elevating effect on tolerance to
DDT, the median lethal dosage increasing from
<0.04 jug/female fly to >0.07 (Table 3). At the
same time resistance to dieldrin decreased. Dosages
of 0.05-0.125 ,ug/female fly can be used to discri-
minate between rr (susceptible) and Rr (hybrid)
female flies and a dosage of 1.5 Itg/female fly between
Rr and RR (resistant) females (Georghiou, March
& Printy 1). On the basis of these discriminating
dosages the data in Table 4 show that dieldrin-
susceptible (rr) females increased from 15% to 49%,
hybrid (Rr) females decreased from 43% to 21%,
and resistant (RR) females decreased from 42% to
30%. The data for lindane (Table 5) are less con-
sistent and suggest that there was an elevating effect,
if any, on tolerance to this material. Spot checks
with other insecticides showed effects similar to
dieldrin for aldrin, heptachlor, and toxaphene and no

'See the article on page 155 of this issue
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TABLE 3
SUSCEPTIBILITY TO DDT IN A SUBSTRAIN (LATE-LAB.)

OF THE " LABORATORY " STRAIN
DURING 50 GENERATIONS OF SELECTION FOR

LATE ADULT EMERGENCE

DDT 24-hour percentage mortality

female Parent
C

Generations tested
fly) strain Fe F21 F3 F4. Fs.

0.01 3 - - - - -

0.02 4 10 10 - _ -

0.03 - 28 35 2 - 0

0.04 61 98 30 8 - 4

0.05 - 93 27 40 5 12

0.06 - - - - 38 27

0.07 - - 50 - 42 37

0.08 87 100 - 71 52 -

0.09 - - - - 82 -

0.1 96 100 100 95 79

0.15 _- - - - 93

TABLE 4
SUSCEPTIBILITY TO DIELDRIN IN A SUBSTRAIN
(LATE-LAB.) OF THE " LABORATORY " STRAIN
DURING 50 GENERATIONS OF SELECTION FOR

LATE ADULT EMERGENCE

Dieldrin 24-hour percentage mortality

femae Parent| Generations tested
fly) strain - F.o F21 J F3. [ F41 Fso

0.02 - - 0 1 0 1

0.03 - - - - - -

0.05 15 18 17 27 27 25

0.08 - - - - - 36

0.1 13 15 18 37 37 49

0.2 15 25 35 47 38 51

0.5 54 58 57 62 60 55

1 58 72 70 65 70 70

2 68 62 58 89 68 62

5 59 65 67 77 75 75

10 60 77 65 78 85 70

20 - 60 73 83 82 58

50 58 55 77 80 90 77

100 56 63 77 78 - 80

TABLE 5
SUSCEPTIBILITY TO LINDANE IN A SUBSTRAIN
(LATE-LAB.) OF THE " LABORATORY " STRAIN
DURING 50 GENERATIONS OF SELECTION FOR

LATE ADULT EMERGENCE

Lindane 24-hour percentage mortality

(fmgl Generations testedfem ale Parent

fly) strain Ft. F2i F30 F41 | Fs

0.02 8 6 7 0 5 0

0.04 - - - - - 3

0.05 24 13 35 30 35 26

0.06 - - - - - 18

0.08 - - - - - 24

0.1 78 70 47 50 55 36

0.15 - - - - - 59

0.2 79 59 77 81 85 73

0.3 - - - - - 80

0.5 94 78 80 84 90 87

1 100 88 95 83 100 -

2 - 97 - - -

5 - 100 - 100 - -

significant change in susceptibility to the organo-
phosphorus insecticides, parathion, malathion, Chlor-
thion and dicapthon.
However, during the same period of time, the

parent Laboratory strain, after discontinuance of
selection of early-emerging fRies and substitution of
randomly collected pupae for rearing purposes,
showed an equal or even greater increase in tolerance
to DDT, a decrease in tolerance to dieldrin, and no
significant change to lindane (Table 1). Thus it is
not possible to interpret what effects selection for
late emergence had on tolerances to these materials,
if any, or to decide whether or not selection of early-
emerging flies was responsible for the original
appearance of dieldrin-resistance in the Laboratory
strain.

Selection for susceptibility to knockdown with lindane

These selections were carried out for 30 conse-
cutive generations. The discriminating dose of
lindane was progressively reduced from 0.05 jug/fly
to 0.003 ,ug/fly as the selected strain showed greater
susceptibility. Ld-p lines for lindane, dieldrin and
DDT determined on the 16th and 30th generations
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FIG. I
LOG DOSAGE-PROBIT MORTALITY LINES FOR DDT,

LINDANE AND DIELDRIN IN A CYCLODIENE-RESISTANT
STRAIN (PO) DURING 30 GENERATIONS OF SELECTION

FOR KNOCKDOWN-SUSCEPTIBILITY TO LINDANE a
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a Data for the susceptible NAIDM strain are shown by the
broken line.

are presented in Fig. 1. A positive correlation bet-
ween knockdown and susceptibility. to lindane is
evident in these results, since continuous selection
and propagation of the more knockdown-susceptible
fraction of the population resulted in progressively
lower LD55 values for this compound. The highly
resistant fraction of the population was gradually
eliminated, as evidenced by the fact that the final
ld-p line shows no deflection in the upper end of the
curve. The steepness of the slope (6.9) indicates a

population highly homogeneous for susceptibility.

The final LD50 (Table 1) of 0.031 ,ug/female fly is
still higher than that reported for this strain in 1949
and 1952, but lower than the present LD50 value of
the susceptible NAIDM strain (0.047 ,ug/female fly).
The dosage-knockdown curve (calculated on the
basis of maximum knockdown obtained within
24 hours) is approximately 0.5 times as elevated as
the dosage-mortality curve (Fig. 1).

Resistance to dieldrin showed a progressive
decrease similar to that observed with lindane. The
percentage of maximally resistant individuals was
reduced from 42% to 8% by the 16th generation and
completely eliminated by the 30th generation. The
final LD50 of 0.021 ,ug/female fly was below that
reported for the Laboratory strain in 1952 (0.031 ,ug),
and below the present level of the susceptible
NAIDM strain (0.031 pg).

Resistance to DDT showed no reduction in the
16th generation but in the 30th generation the LD50
was 0.038 ,ug/female fly, which compares favourably
with the 1949 level of the Laboratory strain (0.033 ,ug)
and is below the present level of the susceptible
NAIDM strain (0.048 ,ug).
The relation of knockdown to susceptibility is of

interest, since it points out the feasibility of eliminat-
ing undesirable resistant forms in laboratory popula-
tions. A study of the comparative knockdown and
lethal action of lindane on five housefly strains
(Table 6) shows higher recovery from knockdown in
the susceptible strains, especially at 60°F (15.5°C)
and lower or no recovery in the resistant strains. It
appears, therefore, that this method of inducing
regression of resistance has no application in highly
resistant strains.

Effects of physical and toxicological manipulations
on population distribution

Selection for early- and late-emerging adults and
for knockdown susceptibility to lindane not only
affected the median lethal responses of the substrains
to the various insecticides but also resulted in changes
in population distribution, as evidenced by changes
in slopes of the ld-p lines. It is not always possible
to draw straight ld-p lines over the entire range of
dosages so that a single slope may be calculated but
sufficient information is available from segments of
the dosage-mortality lines to permit of analyses of
changes in population distribution.
The slopes of the original ld-p lines for the.

Laboratory strain were as follows: DDT, 2.7;
dieldrin 3.3; and lindane 1.4. With DDT the slope
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TABLE 6
LINDANE KNOCKDOWN AND MORTALITY IN VARIOUS

STRAINS OF HOUSEFLY a

Lindane Temper- Percentage 24-hour
Strain (Mg/female ature knock- percentage

fly) OF °C down b mortality

KD-Lab. 0.02 60 15.5 65 4.5 c, d 132 6.3 d

80 27.2 91 3.7d 65 3,5 d

NAIDM 0.03 60 15.5 46 43 d 16 ± 5.1 d

80 27.2 71 ± 6.6 d 69 4 d

Laboratory 0.05 60 15.5 50 ± 2.2 40 ± 5.7 d

80 27.2 59 6.6 66± 7(d

Stauffer 1.0 60 15.5 73 i 4.9 80 i 4.5
Chlorthion

80 27.2 74 5.3 79 4.6

Super 100 60 15.5 0 0
Pollard

80 27.2 0 0

a Average of 5 replications of 20 flies each.
b Maximum knockdown observed within 12 hours after treat-

ment.
c Standard error.
d Means in vertical pairs significantly different at 5% level

remained essentially unchanged until the strain was
selected for early-emerging adults. This selection
increased the slope to 4.8, owing primarily to
decreases in the most tolerant fraction of the popula-
tion. Selection for late-emerging adults for 50
generations increased the slope to 5.9 and selection
for knockdown-susceptibility to lindane for 30 gene-
rations to 6.3. In the case of the former, the new
population comprised the more tolerant individuals,
and in the case of the latter, the more susceptible
individuals; although the original most susceptible
segment of the strain was not recovered. The data
are not as readily analysable for dieldrin and lindane,
although selection for knockdown-susceptibility to
lindane for 30 generations increased the slope for
dieldrin to 7.8 and for lindane to 6.9. In both cases
the new population comprised the more susceptible
individuals, but the most susceptible segment of the
original strain, which was lost during the first 10
years of colonization, was not recovered.
Thus it can be seen that the various manipulations

of the Laboratory strain not only produced sub-
strains of differing median lethal responses to the
insecticides, but also materially changed the popula-
tion distribution of susceptible, tolerant and resistant

fractions. From the standpoint of inducing regres-
sion of resistance, the most serious loss was that of
the most susceptible fraction of the original strain,
which was not recovered in any ofthe cases examined.
This analysis supports and helps to explain the con-
clusion of the study reported in Table 6, that the
knockdown-susceptible method of inducing regres-
sion of resistance has no application in highly
resistant strains.

Inheritance of dieldrin-resistance in the Laboratory
strain
In a study of the inheritance of dieldrin-resistance

in houseflies, the authors performed reciprocal and
back-crosses between the highly resistant Super
Pollard and the susceptible KD-Lab. strains and
established that resistance is monofactorial and
autosomal (Georghiou, March & Printy 1). It
was therefore considered desirable to investigate
whether or not the dieldrin-resistance which appeared
in the Laboratory strain without exposure to insec-
ticides was inherited in the same manner as in the
strain selected by insecticidal pressure. Multiple
reciprocal crosses were performed between the
KD-Lab. and the Late-Lab. strains, and ld-p lines
for F1 were established (Fig. 2; Table 7).

It is shown elsewhere (Georghiou, March &
Printy 1) that dieldrin doses of 0.03-0.05 ,ug/fly
can be used to discriminate between rr (susceptible),
and Rr (hybrid) males, and 0.05-0.125 jig/fly to
discriminate between rr and Rr females. Dis-
criminating doses between Rr and RR (resistant)
flies were 0.5 ,ug for males and 1.5 ,tg for females.
By applying these discriminating doses to the
dosage-mortality regression line for male flies of the
Late-Lab. strain (Fig. 2, P1) the following frequency
of phenotypes was read: 44 rr, 48 Rr and 8 RR.
These ratios agree closely with the relative distribu-
tion of phenotypes expected on the basis of the
Hardy-Weinberg formula [q2 + 2q(l-q) + (1-q)2J,
which (using 44% rr as the basis) should be 44 rr,
46 Rr, 10 RR (see Sinnott, Dunn & Dobzhansky,
1950; p. 310). However, similar analysis of the
dosage-mortality regression line for females shows a
frequency of phenotypes of 49 rr, 21 Rr and 30 RR.
Although the frequency for rr approximates that
observed in the males, the Rr and RR deviate con-
siderably from the expected. The reason for this
difference remains to be elucidated. The deviation
from the Hardy-Weinberg formula would suggest

1 See the article on page 155 of this issue.
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FIG. 2
LOG DOSAGE-PROBIT MORTALITY LINES FOR DIELDRIN
AGAINST RECIPROCAL CROSSES OF A SUSCEPTIBLE
(KD-LAB.) STRAIN AND A CYCLODIENE-RESISTANT

(LATE-LAB.) STRAIN OF HOUSEFLY
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that the strain has not attained genetic equilibrium.
This might be expected in view of the selection for
late emergence which was in operation on the strain,
and which might present unequal survival and repro-
duction opportunities for the various phenotypes in
the two sexes.

In view of the fact that the genetic constitution
of the Late-Lab. strain is not definitely known, the
results obtained with the F1 of the reciprocal crosses
(Fig. 2) cannot be analysed for goodness of fit
of the observed and expected ratios. These results
indicate, however, (a) a definite segregation into the
two phenotypes rr and Rr, and therefore, that diel-

TABLE 7
RESPONSE TO DIELDRIN OF A SUSCEPTIBLE (KD-LAB.)
STRAIN AND A RESISTANT (LATE-LAB.) STRAIN, AND

OF THEIR RECIPROCAL CROSSES

24-hour percentage mortality

Dieldrin Pi F. F.
(&slfiy) Resistant Susceptible R V

x S & S V
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drin-resistance in this strain is due to a single factor,
and (b) that resistance can be imparted by either
the male or the female parent. In these respects,
dieldrin-resistance as observed in this strain resembles
that found in the regular DDT-lindane-selected
strain (Super Pollard).
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SUMMARY AND CONCLUSIONS

Although the cause of cyclodiene-resistance
encountered in the Laboratory strain remains
unresolved, it is evident from the results presented
here that this resistance resembles the type which
may be induced by cyclodiene pressure, in that (a) it
involves the entire cyclodiene group and lindane but
not the organophosphorus group, and (b) it is
inherited as a monofactorial character, transmitted
by either the male or the female parent.

Subsequent selection of a substrain (Late-Lab.) of
the Laboratory strain for late adult emergence over
50 generations was unsuccessful in materially
reversing the dieldrin-resistance or in demonstrating
that selection of early-emerging flies was responsible
for its appearance. It is apparent, nevertheless, that
physical manipulations of a so-called " standard "
strain may considerably affect both its toxicological
characteristics and the distribution of susceptible
as well as of tolerant and resistant fractions of the

population, and that where a standard reference
strain is required for an extended period of time, it
should be rigorously controlled and continuously
evaluated.

Lindane applied by the topical method showed a
positive temperature coefficient of action and there
was recovery from knockdown in a fraction of the
treated population. This was more evident in
susceptible than in partially or totally resistant
strains. Thus by selecting the most knockdown-
susceptible fraction of a substrain (KD-Lab.) of the
Laboratory strain for 30 consecutive generations by
sublethal but knockdown-inducing doses, it was
possible to eliminate resistance to the cyclodiene
group and lindane and also to DDT. Therefore,
provided that sufficiently large numbers of insects
are used so as not to over-restrict the genetic varia-
bility of the population, this method may be of value
in maintaining laboratory strains at a normal level of
susceptibility to cyclodiene insecticides and possibly
also to DDT.

Rnf.SUMIt

Bien que la resistance aux insecticides soit produite le
plus souvent par la pression de selection et la multiplica-
tion des survivants, on connait des cas de resistance dans
des souches de laboratoire non exposees aux insecticides.
Outre le probleme biologique qu'elle pose, l'existence de
ces souches peut faire echec aux projets a long terme de
destruction des insectes par les insecticides. Les auteurs
etudient dans cet article le cas d'une souche de mouche
domestique elevee en laboratoire depuis 1948 et chez
laquelle on a cherche a maintenir une sensibilite au DDT
en n'elevant que les mouches precocement 6closes (resul-
tat d'une nymphose precoce) qui, selon les auteurs
d'autres etudes, etaient plus sensibles que les autres. Cette
souche, mise en presence d'insecticides du groupe du
cyclodiene (dieldrine, aldrine, etc.) s'est revelee resistante
(dans la proportion de 40%Y.) a ces insecticides. Les resul-
tats obtenus montrent que cette resistance est de meme
type que celle des souches exposees a l'action de ce corps
puisque d'une part elle s'exerce a l'egard du groupe

cyclodiene tout entier et du lindane (mais non a l'egard
des deriv6s organophosphor6s) et que, d'autre part, il
s'agit d'un caractere her6ditaire monofactoriel transmis
aussi bien par les males que par les femelles.

Par la suite, la selection, durant 50 generations, d'une
souche secondaire a eclosion tardive, n'a pas supprime
la resistance, ce qui montie que ce n'est pas le facteur
# 6closion precoce * qui determine la r6sistance. Cepen-
dant, cette derniere a disparu lorsque I'on a s6lectionn6
par le lindane, pendant 30 generations, la fraction de la
population la plus sensible aux doses subletales provo-
quant le knock-down.

I1 semble bien que les manipulations des souches
soi-disant standard affectent a la fois leurs caracteres
toxicologiques et la distribution des fractions tolerantes
et resistantes et que, chaque fois qu'une souche de refe-
rence standard doit etre utilisee, un contr6le rigoureux
et repete soit necessaire.
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