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DDT-Resistance and Dieldrin-Resistance in
Anopheles albimanus*

G. DAVIDSON'

The nature and mode of inheritance of the component resistances of a multi-resistant
strain of Anopheles albimanus from El Salvador are described. Dieldrin-resistance is
shown to be dependent on a single, semi-dominant, geneticfactor and imparts cross-resistance
to other cyclodiene chlorinated hydrocarbons and to y-BHC. DDT-resistance imparts
cross-resistance to DDT-analogues and is dependent on a single, recessive, genetic factor.
The two resistances are separate entities and can, in fact, be separated. The modes of
inheritance of the two types of resistance are the same in both larvae and adults.

Resistance to both DDT and the dieldrin group of
insecticides in one and the same population of ano-
pheline mosquitos was first recorded in Anopheles
sacharovi in the Skala area of Greece from susceptibi-
lity tests made on wild-caught, adult mosquitos
(Belios, 1954; Georgopoulos, 1954; Hadjinicolaou,
1954; Livadas, 1955). Attempts to colonize this
species and to study the two resistances in detail in
the laboratory have never succeeded. The second
species in which double resistance has been found in
one and the same population is A. albimanus. For-
tunately this species is easily colonized and this paper
describes work done on colonies of this species in the
laboratory in London.
Double resistance in A. albimanus was first re-

ported in El Salvador2 and later in Guatemala,
Honduras and Nicaragua.3 Dieldrin-resistance with-
out DDT-resistance has been recorded in British
Honduras, Colombia, Costa Rica, Cuba, the Domi-
nican Republic, Ecuador, Haiti, Jamaica and
Mexico.3

* The investigations reported in this paper were
financially assisted by a grant from the World Health
Organization.

1 Entomologist, Ross Institute of Tropical Hygiene,
London School of Hygiene and Tropical Medicine, London,
England.

2Communication to the World Health Organization,
1958, by J. P. Duret and R. L. Heredia (reported in un-
published WHO Information Circular on the Resistance
Problem, No. 15).

' Seventh summary of cases of insecticide resistance in
anopheline mosquitos, 1961 (unpublished working document
WHO/Mal/325 Rev. 1; WHO/Insecticides/129).

COLONIES USED IN THE INVESTIGATION

Susceptible A. albimanus were kindly provided by
Dr L. E. Rozeboom of Johns Hopkins University,
Baltimore, Md., USA. The strain was one originat-
ing from Panama and has been in colony over a
number of years. A subculture of this colony was
also obtained from Professor G. Frizzi of the
University of Pavia, Italy. Both colonies appeared
identical in their susceptibility to insecticides. A
further susceptible strain was later isolated from a
mixed colony from El Salvador.
A colony containing both DDT- and dieldrin-

resistant individuals was obtained through the
courtesy ofthe Shell Chemicals Laboratory, Modesto,
Calif., USA. This colony originated from El Sal-
vador. From it four strains were selected as follows:

(a) a strain susceptible to both DDT and dieldrin;
(b) a strain resistant to DDT but susceptible to

dieldrin;
(c) a strain resistant to dieldrin but susceptible to

DDT; and
(d) a strain resistant to both DDT and dieldrin.

Little difficulty was experienced in maintaining
these colonies. Larvae were reared in tap-water at
25°C to which had been added a small piece of grass-
turf. Fine food in the form of ground dog-biscuit
and Bemax or the proprietary baby food, Farex, was
readily assimilated. The average time from egg to
adult was about nine days. Adults were maintained
in cages 1 foot x I foot x I foot (30 x 30 x 30 cm) of
mosquito netting and the females fed on guinea-pig
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blood. Judging by the numbers of eggs laid, the
fertilization rate in these cages was extremely high;
and the act of mating could be readily observed.

TESTING TECHNIQUES

Testing was carried out on both fourth-stage
larvae and adult mosquitos. Adult testing was by the
method of Busvine & Nash (1953), using, for the
most part, one-day-old, sugar-fed mosquitos of both
sexes. Larval testing was by the modification of the
method of Elliott (1958) described by Davidson &
Jackson (1961). This involves the exposure of fourth-
stage larvae to solutions of insecticides in alcohol-
water mixtures for one hour followed by a five-hour
recovery period in clean water. (In some cases, as
will be seen, the exposure period was extended,
though the total time involved in exposure and
recovery remained at six hours.)
The insecticides used were DDT, y-BHC, dieldrin,

aldrin, methoxychlor, dichloro-diphenyl-dichloro-
ethane and diethyl-diphenyl-dichloroethane in their
recrystallized, near-pure states (though for adult
testing dieldrin in its technical, flake form of 94%
purity was used), and technical grades of chlordane,'
endrin (94 Y.) and malathion (95 Y.).

SELECTIONS FROM THE EL SALVADOR STRAIN

Selection of dieldrin-resistance was done by expos-
ing fourth-stage larvae of the original mixed colony
to 100 parts per million (p.p.m.) of dieldrin in
alcohol-water mixture for one hour and allowing a
subsequent five-hour recovery period in clean water.
The exposure of 2448 larvae resulted in a 72% mor-
tality and most of the surviving 685 larvae were
reared to the adult stage and a colony started from
them. That this one selection was sufficient to pro-
duce a strain homozygous for dieldrin-resistance was
shown by the fact that the larval offspring of these
survivors showed almost no mortality when exposed
to the same dosage of insecticide, and adult offspring
showed little or no mortality when exposed to 4%
dieldrin in Risella oil for one hour followed by a
24-hour recovery period.
From this dieldrin-resistant strain, which also

showed evidence of some DDT-resistant individuals,
separation of a dieldrin-resistant, DDT-susceptible
strain was achieved by rearing from single females
and testing some of their progeny separately. When

,,Clarified grade as supplied by Velsicol Chemical
Corporation.

such testing showed some of the progeny of a single
female to be dieldrin-resistant and DDT-susceptible
the remaining progeny of that particular female were
used to form a colony.

Selection for DDT-resistance was started in the
larval stage first at 100 p.p.m. ofDDT for one hour,
which gave a 96% mortality among 1197 larvae.
The progeny of survivors from this dosage were then
exposed to 200 p.p.m. of DDT for one hour. The
mortality at this dosage was only 36% among 566
larvae so exposed. The progeny of survivors from
this second selection showed a mortality of 23 %
(149 larvae tested) at 200 p.p.m. ofDDT for one hour
and a third selection was made by exposing to
200 p.p.m. of DDT for three hours followed by a
recovery period of only three hours instead of the
usual five hours. This exposure resulted in a mortali-
ty of 64% among 1395 larvae exposed.
The effect of this third selection was to produce a

colony considered to be as near homozygous for
DDT-resistance as was possible to achieve, showing a
12% mortality among larvae (625 tested) exposed to
200 p.p.m. DDT for one hour and a 10% mortality
among adult male and female mosquitos (200 tested)
exposed to 4% DDT in Risella oil for one hour.
Some dieldrin-resistance was still present in this

DDT-selected colony and by rearing and testing the
progeny of a number of single females a DDT-
resistant, dieldrin-susceptible strain was eventually
isolated.

In addition to larval selection with DDT, an
adult selection was made on the colony produced
after the first two larval selections. To do this,
pupae were tubed separately and the emerging un-
mated males and females exposed to 4% DDT in
Risella oil for two hours. The surviving mosquitos
were released into a cage where mating took place
and viable eggs were eventually produced. This
adult-selected strain resembled very closely the strain
produced after three larval selections in its tolerance
to DDT both in the larval and in the adult stage.
As previously stated, the strain produced from

three selections with DDT in the larval stage still
contained dieldrin-resistance. By exposing the larvae
of this strain to 200 p.p.m. of dieldrin for two hours
followed by a recovery period of four hours, a
double-resistant strain was produced from the sur-
vivors.
The isolation of a strain susceptible to both DDT

and dieldrin took some considerable time and was
achieved by rearing and testing the progeny of single
females from the original mixed El Salvador colony.
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STRAIN CHARACTERISTICS

Tables 1 and 2 enumerate the results of suscepti-
bility tests of both larvae and adults of susceptible,
DDT-resistant and dieldrin-resistant A. albimanus
using DDT, dieldrin, y-BHC, aldrin, chlordane,
endrin, malathion, methoxychlor, dichloro-diphenyl-
dichloroethane and diethyl-diphenyl-dichloroethane
as test insecticides.

Susceptible A. albimanus resemble most other
anopheline species in their tolerance to these insecti-
cides. The LD50s for adults of DDT, dieldrin and
y-BHC, for example, are 0.52%, 0.057% and 0.008%
respectively.
The doses of dieldrin and DDT killing 100% of

adult susceptible A. albimanus are 0.4% and 4.0%
for one hour respectively, and those killing 100% of
the fourth-stage larvae after one hour's exposure are

2 p.p.m. of dieldrin and 20 p.p.m. ofDDT. Dieldrin-
resistant A. albimanus survive 4% dieldrin for one

and two hours in the adult stage and up to 200 p.p.m.
of this insecticide for two hours (followed by a four-
hour recovery period) in the larval state. Five hours'
exposure of adults to 4% dieldrin produces a mortali-
ty of 74% in the ensuing 24 hours. The dosage pro-

ducing an equivalent kill among susceptible A. albi-
manus is 0.01 % dieldrin for five hours. Hence the
degree of dieldrin-resistance of the adults is of the
order of 400 times, about half that recorded in
A. gambiae (Davidson, 1956a).

Like dieldrin-resistant A. gambiae, A. albimanus
shows cross-resistance to the cyclodiene chlorinated
hydrocarbons, aldrin, chlordane and endrin, and
to y-BHC. Resistance to aldrin and chlordane
appears to be higher than to dieldrin while a com-

parison of the LD50s of y-BHC for the adults of the
susceptible (0.008%) and resistant (0.06%) strains
indicates a low degree of 7.5 times resistance to this
insecticide. To DDT, the dieldrin-resistant strain
is as susceptible as the susceptible strain.

DDT-resistant A. albimanus show a small but
significant mortality at 4% DDT for one hour in

the adult stage and an appreciable mortality when
exposed for two hours to this dosage. This indicates
a much lower degree of resistance than is the case

with the dieldrin-resistance. In the larval stage a

small mortality is apparent at both 20 p.p.m. and
200 p.p.m. of DDT for one hour. Like DDT-
resistant A. sundaicus (Davidson, 1957) and A. ste-
phensi (Davidson & Jackson, 1961), DDT-resistant
A. albimanus show cross-resistance to the DDT-
analogues, methoxychlor, dichloro-diphenyl-di-
chloroethane and diethyl-diphenyl-dichloroethane.

Slight species differences are apparent, however.
A. albimanus shows a higher degree of resistance to
methoxychlor than the other two species. It is
almost identical with A. sundaicus in its cross-
resistance to dichloro-diphenyl-dichloroethane (A.
stephensi shows a somewhat lower degree of resist-
ance to this compound than the other two species);
and resembles A. stephensi in its cross-resistance
to diethyl-diphenyl-dichloroethane, showing a lower
degree of resistance than A. sundaicus to this com-
pound. To dieldrin, the DDT-resistant strain of
A. albimanus appears to be as susceptible as the
susceptible strain.

Little difference was apparent between the DDT-
and dieldrin-resistant strains in their tolerance to
malathion when larvae were tested (Table 2). The
susceptible strain appeared to be slightly more
tolerant to this insecticide than either resistant
strain. A single attempt at selection with malathion
was made on the original mixed El Salvador strain.
Altogether 576 fourth-stage larvae were exposed
to 6 p.p.m. of this insecticide for one hour, followed
by a five-hour recovery period. An 81 % mortality
resulted and the survivors were used to produce a
colony. Exposure of the larval offspring of this
colony to the same dosage, however, produced the
higher mortality of 96% among 300 larvae tested.
This line of selection was not pursued further.
The double-resistant strain of A. albimanus

showed virtually no kill when adults were exposed
to 4% dieldrin or 4% DDT for one hour, or when
larvae were exposed to 200 p.p.m. dieldrin for two
hours or 200 p.p.m. DDT for one hour. Even when
consecutive exposures to each insecticide were given
only low mortalities resulted. Thus when adults
were exposed to 4% DDT for one hour and then
transferred immediately to 4% dieldrin for one hour
the mortality 24 hours after the second exposure
was only 17% among 184 adults tested. Reversing
the order of the insecticides-i.e., 4% dieldrin for
one hour followed by 4% DDT for one hour-
resulted in a 16% mortality among 165 adults
tested. Double larval exposures involved immersion
in the two insecticides for a total of three hours
(two hours in 200 p.p.m. of dieldrin and one hour
in 200 p.p.m. of DDT) followed by a three-hour
recovery period in clean water. DDT followed by
dieldrin produced a mortality of 15% among 150
larvae tested, while the reverse resulted in only
5% mortality among 148 larvae exposed.

Dieldrin-resistance once selected to apparent
purity remains completely stable. Eighteen months

27



28 G. DAVIDSON

TABLE 1
MORTALITIES AMONG ADULTS OF SUSCEPTIBLE, DIELDRIN-RESISTANT AND DDT-RESISTANT A.ALBIMANUS STRAINS

AFTER VARYING EXPOSURES TO VARIOUS DOSAGES OF DIFFERENT INSECTICIDES

Exposure-Susceptible Dieldrin-resistant DDT-resistant
Insecticide in Exposure-
Riselta oil (hours) Total Mortality (%) Tmosqtal Mortality (%) Total MortalitY

Risellaoil(%) (hours) moqismosquitos mosquitos

Dieldrin
0.05 1 417 44
0.1 1 257 92
0.2 1 130 99
0.4 1 413 100 45 2 16 100
4.0 1 68 100 163 3
0.005 5 57 30
0.01 5 159 75
0.02 5 193 87
4.0 2 87 3
4.0 5 264 74

v-BHC
0.005 1 109 9
0.0075 1 112 47
0.01 1 121 83
0.025 1 40 5
0.05 1 77 23
0.1 1 74 91

Aldrin
0.1 1 52 31
0.2 1 16 88
0.4 1 22 100
4.0 1 27 0
4.0 5 88 8

Chlordane
0.1 1 66 44
1.0 1 23 100
4.0 1 19 0
4.0 5 43 51

Endrin
0.1 1 74 27
1.0 1 22 100 23 4
4.0 1 145 87

DDT
0.5 1 284 46 32 47
1.0 1 290 90 46 93
2.0 1 108 100 32 100
4.0 1 121 100 20 100 715 14
4.0 2 274 26

Methoxychlor
1.0 1 82 85 189 4

Dichloro-diphenyl-dichloroethane
2.01 1 72 99 93 3

Diethyl-diphenyl-dichloroethane
4.0 1 70 100 87 29
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TABLE 2
MORTALITIES AMONG FOURTH-STAGE LARVAE OF SUSCEPTIBLE, DIELDRIN-RESISTANT AND DDT-RESISTANT
A. ALBIMANUS STRAINS AFTER VARYING EXPOSURES TO VARIOUS CONCENTRATIONS OF DIFFERENT INSECTICIDES

Insecticide Exposure Recovery Susceptible Dieldrin-resistant DDT-resistant
(pm. time time(P.P.m.) (hours) (hours) Total larvae Mortality (%) Total larvae Mortality (%) Total larvae Mortality (%)

Dieldrin

0.1 1 5 97 21

0.3 1 5 100 59

0.5 1 5 97 74

1.0 1 5 149 70

2.0 1 5 325 100 142 100

3.0 1 5 148 100

4.0 1 5 49 100

5.0 1 5 149 100

100 1 5 50 100 199 4

100 2 4 93 1

200 1 5 97 0

200 2 4 625 1

DDT

10 1 5 100 97

20 1 5 1144 100 50 100 173 9

50 1 5 99 100

100 1 5 100 100

200 1 5 50 100 100 99 2454 19

200 3 3 531 39

Malathion

5 1 5 90 7

6 1 5 196 61 298 91 250 98

10 1 5 48 96

'after the single larval selection of the mixed El
Salvador strain with dieldrin, the strain so selected
continued to show virtually no mortality when
exposed to 4% dieldrin for one hour in the adult
state or when exposed as larvae to 200 p.p.m. of
dieldrin for two hours. Similarly the double-
resistant strain has maintained its purity for dieldrin-
resistance over a long period of time. The mixed
El Salvador strain has changed its composition as
regards dieldrin-resistance to some extent. Over a
period of eight months in a colony in London,
mortalities among adults exposed to 0.4% and 4.0%
dieldrin for one hour changed from 40% and 85%
respectively to 20% and 72% respectively. This

indicates an increase in the proportion of dieldrin-
resistant individuals.

DDT-resistance, on the other hand, has shown
in all cases a quite significant reversion. The mixed
El Salvador strain when first acquired showed an
8% survival among 25 male and female adults
exposed to 4% DDT for one hour, and a 5%
survival among 200 larvae exposed to 200 p.p.m.
of DDT for one hour. Eight months later no
survival resulted after exposure of 73 male and
female adults to 4% DDT for one hour, or after
exposure of 650 larvae to 200 p.p.m. of DDT for
one hour. Soon after the third larval selection of
the El Salvador strain with DDT, adults of the
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selected strain showed a 10% mortality among
200 males and females exposed to 4% DDT for one

hour. Some five months later this mortality had
risen to 22%. Among larvae soon after the third
larval selection with DDT the mortality after
exposure to 200 p.p.m. of DDT for one hour was

12% among 625 larvae so exposed. Some five
months later this mortality was 27% among 819
larvae so exposed. Similarly, the double-resistant
strain, while maintaining its dieldrin-resistance,
lost some of its DDT-resistance in the course of
time.

In Tables 1 and 2 mortalities with DDT represent
mortalities of both larval and adult selected strains
over a period of about six months after selection.
In Tables 5 and 6 below mortalities are those
recorded among the strain actually used in crossing
at or before the time that this crossing was carried
out.

THE MODE OF INHERITANCE OF THE RESISTANCES

In studying the inheritance of both dieldrin- and
DDT-resistance, crosses were performed with

susceptible strains before the two resistances were

separated from one another; that is to say, dieldrin-
resistance was studied in a strain which had been
selected to apparent homozygosity for this character
but which still contained some DDT-resistant
individuals, and DDT-resistance was studied in
a strain which had been selected with DDT but
which still contained dieldrin-resistant individuals.

Dieldrin-resistance
Reciprocal crosses between resistant and suscep-

tible strains yielded hybrids which were intermediate
in resistance. In adults these showed virtually no

mortality when exposed to 0.4% dieldrin for one

hour, the dosage killing all the susceptible strain,
and a virtually complete kill when exposed to 4%
dieldrin for one hour, a dosage which the resistant
strain survives. The F2 generations and offspring
of back-crosses to both parents showed mortalities
on these two discriminating dosages very close to
those expected where a single semi-dominant
genetic factor is operating. Monofactoriality was

confirmed by repeated back-crossing to the suscep-
tible strain and selecting at the lower discriminating

TABLE 3
MORTALITIES AMONG ADULT A. ALBIMANUS EXPOSED TO 0.4% AND 4.0% DIELDRIN IN RISELLA OIL

FOR ONE HOUR a

Male and female adult offspring

Exposed to 0.4% dieldrin for 1 hour Exposed to 4.0% dieldrin for 1 hour
Parents b

Total Mortality (%) Total Mortality (%)
tested Actual Expected tested Actual Expected

Stocks Ss Ss 413 100 68 100
RR RR 45 2 163 3

Ft ( RR SS 610 1 665 99
SS RR 437 2 546 99

JRS RS 707 27 26 808 82 75
Ft \ SR SR 922 29 26 852 82 75

Back-crosses RS RR 79 1 2 1029 59 51
SS RS 1 212 53 51 108 100 100

Repeated (SS Sel RS 56 50 51
back-cross to
selected hybrid SS 2 Sel RS 437 52 51
females SS3 Sel RS 137 42 51

Selected resistant strainc 84 0 3

a Figures are given for the parent strains and for various crosses between them. Expected mortalities are those calculated
on the assumption that a single heritable factor is Involved.

b S = factor for susceptibility; R = factor for resistance; RS = resistant d x susceptible i; SR = susceptible ( x resis-
tant ?; Sel = selected as a survivor from former back-cross to SS; 2 Sel = second selected generation; 3 Sel = third selected
generation.

c Offspring of survivors of Ft generation (SR x SR) exposed as larvae to 200 p.p.m. dieldrin for two hours.
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dosage. Mortalities at this dosage did not rise over

three generations of this repeated back-crossing.
Finally, the selection of an F2 generation at the
higher larval discriminating dosage produced adults
giving no mortality at all when exposed to 4%
dieldrin for one hour. Detailed results of these
adult mortalities are given in Table 3.

Exact discrimination between homozygous suscep-
tible and heterozygous larvae was found to be
impossible. The minimum concentration giving
100% kill or the former-namely, 2 p.p.m.-gave a

22% mortality among the latter. The higher dosage
of 200 p.p.m. for two hours did, however, kill all
heterozygotes and virtually no homozygous resistant
individuals. Mortalities in the F2 generations and
in the offspring of back-crosses to both parents
after exposure to these two dosages, while not as

close as in adults to theoretical values, nevertheless
strongly indicate a monofactorial mode of inherit-
ance in the larvae (Table 4).

DDT-resistance
Reciprocal crosses between DDT-resistant and

susceptible strains of A. albimanus produced hybrids
as susceptible as the susceptible strain. Among
adults 4% DDT in Risella oil for one hour killed
all susceptibles, virtually all heterozygotes and less

than 10% of the resistant strain. The F2 generations
and offspring of back-crosses to both parents
showed mortalities on this discriminating dosage
very close to those expected where a single, recessive
genetic factor is operating. In addition single larval
selections of an F2 generation and of the offspring
of a back-cross to the resistant parent produced
offspring which as adults showed the low mortalities
characteristic of the resistant strain. Details of
these adult mortalities are given in Table 5.
A similar mode of inheritance of DDT-resistance

was shown in the larvae, using a one hour's exposure
to 200 p.p.m. of DDT as the discriminating dosage
(Table 6).

DISCUSSION

These results show quite conclusively the indepen-
dent nature of DDT- and dieldrin-resistance even

when present in one and the same population of
mosquito. Dieldrin-resistance is dependent on a

single, semi-dominant, genetic factor just as in
A. gambiae (Davidson, 1956b), while DDT-resistance
is dependent on a single, recessive, genetic factor
just as in A. sundaicus (Davidson, 1957). Further-
more, it has been possible to separate the two
resistances.

TABLE 4

MORTALITIES AMONG FOURTH-STAGE LARVAE OF A. ALBIMANUS EXPOSED TO 2 P.P.M. FOR ONE HOUR
AND TO 200 P.P.M. FOR TWO HOURS OF DIELDRIN IN ALCOHOL-WATER MIXTUREa

Offspring

Parents b Exposed to 2 p.p.m. dieldrin for 1 hour Exposed to 200 p.p.m. dieldrin for 2 hours
Total Mortality (%) Total Mortality (%)

d V tested Actual Expected tested Actual Expected

Stocks ~ S Ss 325 100Stocks \ RR RR 625 1

F RR SS 540 26 623 100F. i SS RR 669 19 623 100

J RS RS 666 27 36 650 81 75ASR SR 272 28 36 1071 69 75

J RS RR 150 0 11 948 52 50
Back-crosses \

SS RS 1 037 49 61 149 99 100

Selected resistant strain c 199 1 1

a Figures are given for the parent strains and for various crosses between them. Expected mortalities are those calculated
on the assumption that a single heritable factor is Involved.

b S = factor for susceptibility; R = factor for resistance; RS = resistant B x susceptible Y; SR = susceptible d x resis-
tant Y.

c Offspring of survivors of F2 generation (SR x SR) exposed as larvae to 200 p.p.m. dieldrin for two hours.
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TABLE 5
MORTALITIES AMONG ADULT A. ALBIMANUS EXPOSED
TO 4.0 % DDT IN RISELLA OIL FOR ONE HOUR a

Male and female adult off-
spring exposed to 4 % DDT in

Risella oil for one hour
Parents b

Total Mortality (%)
tested Actual Expected

JSs Ss 121 100Stocks RR RR 403 8

( RR SS 181 100
SS RR 67 99

f RS RS 643 82 77F2 | SR SR 511 70 77

RR RS 464 59 54
Back-crosses to RR RS RR 448 62 54

RR SR 890 58 54

Back-crosses toSS R SS 143 100 100

Selected resistant strain I c 471 13 8

Selected resistant strain 11 d 197 9 8

a Figures are given for the parent strains and for various
crosses between them. Expected mortalities are those calcu-
lated on the assumption that a single heritable factor is involved.

b S = factor for susceptibility; R = factor for resistance ;
RS = resistant d x susceptible 9 * SR = susceptible d x resis-
tant 9.

c Offspring of survivors of F2 generation (RS x RS) exposed
as larvae to 200 p.p.m. DDT for one hour.

d Offspring of survivors of back-cross to resistant strain
exposed as larvae to 200 p.p.m. DDT for one hour.

These findings contrast with those of Khan
& Brown (1961) arising from studies on a double-
resistant strain of Aiedes aegypti from Puerto Rico.
Here it was found impossible to separate DDT-
and dieldrin-resistance and it was concluded that
a single genetic factor was responsible for both
types of resistance.
The semi-dominant nature of dieldrin-resistance

in A. albimanus is disputed by Rozeboom & Johnson
(1961), who, working with the Panama and El
Salvador strains, claim it to be completely dominant.
A detailed examination of their data, however,
shows that neither strain used in their observations
was pure for the alleles in question. The Panama

TABLE 6
MORTALITIES AMONG FOURTH-STAGE LARVAE OF
A. ALBIMANUS EXPOSED TO 200 P.P.M. DDT FOR ONE

HOUR IN ALCOHOL-WATER MIXTURE a

Offspring exposed to 200

Parents bI
p.p.m. DDT for one hour

Total Mortality (%)
w V tested Actual |Expected

Stocks Ss Ss 249c 100S RR RR 800 7

Fi RR SS 150 100{ SS RR 75 100

F2 JRS RS 1019 82 77
1SR SR 396 78 77

RR RS 525 53 53
Back-crosses to RR RS RR 467 50 53

RR SR 647 50 53

Back-crosses to .5 SS RS 397 100 100SRSS 150 100 100

a Figures are given for the parent strains and for various
crosses between them. Expected mortalities are those calcu-
lated on the assumption that a single heritable factor Is involved.

b S = factor for susceptibility R = factor for resistance ;
RS = resistant d x susceptible SR = susceptible d x resis-
tant 9.

c Exposed to dosages ranging from 50 to 200 p.p.m.

strain shows some survival at 0.4% dieldrin while the
El Salvador strain is estimated to be composed of
4% susceptibles, 32% heterozygotes and 64%
homozygous resistants, assuming that the Hardy-
Weinberg principle applies. Selection of the El
Salvador strain at 1.6% dieldrin for two hours
before crossing with the susceptible strain is assumed
to allow only homozygous individuals to survive.
It seems almost certain that some heterozygotes
would survive this dosage and so the F1 generation
would not be composed entirely of heterozygotes
but of susceptibles also. Certainly the F1 generation
so produced would show more tolerance to the
insecticide that the parent El Salvador strain before
this was selected, because this strain is far from
homozygous and therefore this does not provide
grounds for concluding that resistance is completely
dominant.
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R.ESUMIt

La double resistance d'une meme population d'ano-
pheles au DDT et a la dieldrine a 6t6 signalee pour la
premiere fois chez Anopheles sacharovi en Grece, puis a
nouveau chez A. albimanus en Amerique latine. Cette
derniere espece a ete etudiee de fa9on approfondie, A
Londres.
D'une population d'A. albimanus du Salvador ont ete

isolees: 1 souche sensible au DDT et A la dieldrine;
1 souche resistante au DDT, mais sensible A la dieldrine;
I souche resistante a la dieldrine, mais sensible au DDT;
I souche resistante aux insecticides des deux groupes.
Une souche sensible provenant d'un elevage de labora-
toire, originaire de Panama, servait de temoin.
AprBs avoir decrit les m6thodes d'elevage, d'evaluation

de la sensibilit6 des larves et des adultes aux insecticides
(DDT, dieldrine, HCH-gamma, aldrine, chlordane,
endrin, malathion, methoxychlor, dichloro-diphenyl-

dichlorethane, et diethyl-diphenyl-dichlorethane), l'au-
teur etudie le mode de transmission de la resistance, et
aboutit aux conclusions suivantes:

Les resultats montrent de faqon indiscutable 1'inde-
pendance de la resistance au DDT de celle a Ia dieldrine.
Cette derniere depend d'un seul facteur genetique, semi-
dominant (comme chez A. gambiae), tandis que la resis-
tance au DDT depend d'un seul facteur, recessif (comme
chez A. sundaicus). En outre, il a e possible de separer
les deux resistances. Le mode de transmission est le meme
chez les larves que chez les adultes, pour chacune des
formes de resistance. Ces conclusions sont en conflit avec
les observations de Kahn & Brown sur la souche dou-
blement resistante d'Aedes aegypti, de Porto Rico. Ces
auteurs ont en effet considir6 les deux formes de resis-
tance comme inseparables et dues a un seul facteur
genetique.
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