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The Stability of Resistance to Carbamate
Insecticides in the Housefly after Cessation

of Selection Pressure*
G. P. GEORGHIOU1

Two housefly strains selected for maximal resistance for 30 generations with Isolan
(1-isopropyl-3-methyl-5-pyrazolyl dimethylcarbamate) and m-isopropylphenyl methyl-
carbamate, respectively, were released from insecticidal pressure and their responses to
these two carbamates were studied through 62 further generations.

In the Isolan-selected strain, resistance to both carbamates remained virtually unchanged
up to the 41st generation; it regressed gradually thereafter, and by the 62nd generation the
strain contained approximately 28 % susceptible individuals. Resistance in the strain
selected with m-isopropylphenyl methylcarbamate regressed rapidly, especially between the
11th and 19th generations; by the 54th generation the strain was almost as susceptible to
both carbamates as before selection.

The author concludes that insecticidalpressure with Isolan resulted in the development of
a relatively stable resistant phenotype, while similar selection pressure with m-isopropyl-
phenyl methylcarbamate on the same parental stock and for the same length of time pro-
duced an equally resistant but unstable phenotype. This differential stability ofresistance is
attributed to the incorporation of dissimilar modifying genes in the two strains during the
process ofselection for the character of resistance.

The question of stability of resistance to a given
insecticide is of practical as well as theoretical
importance, and an integral part of any thorough
study of the resistance problem.

Since resistance is the result of artificial selection
pressure in favour of genes which previously existed
at extremely low frequencies, it is usually to be
expected that the normal phenotype will eventually
regain its preselection frequency when the selection
pressure is removed. The rates of regression of
resistance appear to depend not only on the degree
of dominance and homozygosity of the factor con-
ferring resistance, but also to a considerable extent
on the accumulation of modifying genes which con-
tribute towards the stabilization of the resistant
phenotype. Co-adaptation due to such genes has
been credited for the stability of DDT-resistance in
Drosophila melanogaster Meigen for three years
after cessation of DDT-selection pressure (Crow,

* Paper No. 1453, Citrus Research Center and Agri-
cultural Experiment Station, University of California,
Riverside, Calif., USA.

1 Assistant Entomologist, Department of Entomology,
University of California, Riverside, Calif., USA.

1954). DDT-resistance in Aedes aegypti L. was
found by Abedi & Brown (1960) to be unstable after
the first and second selection, but comparatively
stable after the third selection as a result of the
improvement of the biotic potential of the plus-
variants.

It is still not clear what influence, if any, the
selective agent per se may have on the type of
modifying genes which may be accumulated in the
course of insecticidal selection. The process is
undoubtedly influenced by a multiplicity of factors,
among which the genetic background of the popula-
tion, the type of selection pressure, and the presence
or absence of natural selection must play a prominent
role. Although generalizations cannot be made
regarding the role of the toxicant, it is nevertheless
interesting that from the evidence now available,
resistance appears to be more stable towards certain
compounds than towards others. Thus, resistance to
dieldrin in anopheline mosquitos (Davidson &
Mason, 1963), eye gnats (Georghiou & Mulla, 1961),
houseflies (Georghiou, March & Printy, 1963) and
several other insects is characterized by remarkable
persistence over a period of several years. Spiller
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(1958) considers the dieldrin-resistance gene "all
powerful ", with little effect asserted on it by the
genetic background. On the other hand, resistance
to DDT (Davidson & Mason, 1963) and to various
organophosphorus compounds (March, 1959; For-
gash & Hansens, 1962), although also monofactorial
in nature, usually shows relatively rapid reversion
upon cessation of the selection pressure.

Information on the stability of resistance to the
carbamate insecticides is at present limited to the
work of Meltzer (1956; and personal communica-
tion), who found that a strain of the housefly which
had developed a low level of tolerance to phenyl
dimethylcarbamate through selection with this com-
pound for 28 generations did not lose this tolerance
when it was maintained without pressure for 23
further generations.

Several carbamates have shown considerable
promise as insecticides (Georghiou & Metcalf, 1962),
and the utility of some of these in mosquito control
(Georghiou & Metcalf, 1961) is being intensively
explored in various laboratories. In contrast to their
marked toxicity to adult mosquitos, however, most
of the carbamates investigated to date appear to
offer only limited promise in the control of houseflies
unless they are combined with a synergist such as

piperonyl butoxide. An exception is Dimetilan

(2-dimethylcarbamyl-3-methyl-5-pyrazolyl dimethyl-
carbamate), which was reported by Wiesmann (1961)
to be effective against polyvalent resistant houseflies
in Switzerland. Nevertheless, as in the case of some
of the earlier-developed classes of insecticides, the
housefly serves as a useful animal in the study of the
toxicological and physiological action of carbamates.
The present study is a continuation of work

already published (Georghiou, Metcalf & March,
1961; Georghiou, 1962a, 1962b) on various aspects
of insect resistance to the carbamate insecticides.

MATERIALS AND METHODS

The carbamate-resistant strains employed in this
study are designated as R-.ISOIan and R-M1P-1, and
have been produced by combined larval and adult
selection pressure with Isolan (l-isopropyl-3-methyl-
5-pyrazolyl dimethylcarbamate) and m-isopropyl-
phenyl methylcarbamate, respectively. Their devel-
opment and resistance spectra have been described
in detail elsewhere (Georghiou, Metcalf & March,
1961; Georghiou, 1962a, 1962b). At the end of
20 generations after the initiation of selection,
resistance to these compounds in both strains had
reached maximal levels as evidenced by the fact that
further selection to the 55th generation did not

TABLE 1
REGRESSION OF RESISTANCE TO m-ISOPROPYLPHENYL METHYLCARBAMATE IN STRAIN R-MIP-1 a

AFTER CESSATION OF SELECTION PRESSURE

24-hour mortality (%)
Dose

(Ag/female Susceptible Resistant Generations without insecticidal pressurefly) Sscetriblnstrain
srIn_ R-MiP-, 2 8 11 15 19 27 41 54

1 12 3 8

1.5 31 13 15 19

2 49 7 11 22 20 35

3 79 8 18 33 42 64

5 95 2 8 3 30 44 65 59 89

7 100 10 8 32 50 88 79 .100

10 2 3 12 16 35 73 78 86

20 1 5 22 30 47 73 98 85

50 5 2 35 26 37 78 93

100 3 7 25 26 28 68

a Selected for 30 generations with m-isopropylphenyl methylcarbamate.
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STABILY OF CARBAMATE-RESISTANCE IN HOUSEFLIES

FIG. I
REGRESSION OF RESISTANCE

TO m-ISOPROPYLPHENYL METHYLCARBAMATE
IN HOUSEFLY STRAINS R-mip-, AND R-isolan

AFTER CESSATION OF INSECTICIDAL SELECTION a

drops of w/v acetone solutions of the insecticides to
the nota of 3-day-old females flies under CO2 an-
aesthesia. Twenty insects were used for each dose
and the treatments were replicated on three or more
days with different batches of flies. Whenever pos-
sible, six or more concentrations were used in the
range of 10%-90% mortality. The treated insects
were held at 60°F (15.5°C) and 60% relative humi-
dity; mortality was assessed 24 hours later. The
data thus obtained are presented in Tables 14
and in Fig. 1 and 2.

RESULTS

Resistance in strain R-MIp-1

0
-0

cL

0.1 1.0 ,0 ,00

jg per female fly
a S = susceptible strain; R = resistant strain; the figures

indicate the generation tested.

result in further increase of resistance either to the
selective agents or to various other aryl methyl
carbamates.
At the end of the 30th generation after the initia-

tion of selection, a subcolony of each of the two
strains was maintained without further insecticidal
pressure. Each generation was reared separately,
and propagation consisted of transfers of randomly
collected pupae from the breeding-jars to the stock
cages when pupation was completed but before
emergence had begun.
The rearing of the strains was carried out in an

air-conditioned room at 80°F (26.6°C) and 60%
relative humidity, by a modification of the standard
CSMA method (Soap Blue Book, 1947). The sus-

ceptibility levels of the strains were determined
periodically by topical application of 1-microlitre

Resistance to the selection agent m-isopropyl-
phenyl methylcarbamate regressed rapidly after
cessation of insecticidal pressure (Table 1, Fig. 1).
Regression was evident as early as the second genera-
tion, but was fastest between the 11th and 19th
generations. This can be observed if the percentage
of kill obtained with a given dose, such as 10 ,ug, is
plotted on the arithmetic scale against the respective
generation. By the 54th generation the strain was
almost as susceptible as before selection, with an
LD50 of 2.5 ,ug per female fly as against 2 ,ug before
selection.

Cross-resistance to Isolan had also regressed
nearly to the preselection level by the 54th generation
(Table 2, Fig. 2). The earliest available data with
Isolan were obtained on the 41st generation and
show that the regression of cross-resistance to this
compound was somewhat slower than towards
m-isopropylphenyl methylcarbamate. This observa-
tion is noteworthy inasmuch as this strain had never
been exposed to Isolan; its resistance to this com-
pound was entirely the result of selection pressure
with m-isopropylphenyl methylcarbamate.

Resistance in strain R-I801an
In contrast to the rapid regression of resistance

in strain R-MIp-1, the R-EI,O1 strain has shown
considerable stability of resistance to both carbamate
compounds. The results in Tables 3 and 4 and Fig. 1
and 2 indicate that up to the 41st generation there
was little or no evidence of regression in the resist-
ance to Isolan or in the cross-resistance to m-iso-
propylphenyl methylcarbamate. Thereafter, there
was a gradual increase in the frequency of susceptible
individuals. In the 62nd generation these amounted
to approximately 28 %, as evidenced by the mortality
obtained with a dose of 6 ,ug of Isolan per female fly.
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TABLE 2
REGRESSION OF CROSS-RESISTANCE TO ISOLAN IN
STRAIN R-MIP-1 a AFTER CESSATION OF SELECTION

PRESSURE

24-hour mortality (%)

Dose Generations
(pg/female Susceptible Resistant without insecticidal

fly) Sscetribl strain pressure
stan R-mip-1

41 54

0.5 11

0.6 8

0.8 17

1 28 22

1.5 45 11 32

2 61 29 42

3 88 42 67

4 95 48 67

5 98 78

6 18 80 92

7

8 31 85 98

10 48 95

12 81

16 92

a Selected for 30 generations with m-isopropylphenyl
methylcarbamate.

The regression of cross-resistance to m-isopropyl-
phenyl methylcarbamate was also negligible by the
41st generation. In the 62nd generation the maxi-
mum mortality obtainable by the testing method
employed was 65 %.

It should be emphasized that both selected strains
had attained approximately equal levels of resistance
to each of the two compounds by the time of their
release from pressure. Thus, the sharp differences in
regression rates between the two strains cannot be
explained on the basis of unequal numbers of
susceptible genotypes.

DISCUSSION

The following points of interest arise from the
data obtained.

1. Prolonged stability of resistance to carbamates
is possible, as evidenced by the persistence of high

FIG. 2
REGRESSION OF RESISTANCE TO ISOLAN
IN HOUSEFLY STRAINS R-MIP-1 AND R-isolan

AFTER CESSATION OF INSECTICIDAL SELECTION a

,t 10

t 5

0
E

ao

70

0.1 1.0 10

-o

-0

0.

100

pg Isolon per female fly

a S = susceptible strain; R = resistant strain; the figures
indicate the generation tested (only generations 41 and 62 of
strain R-isolan are shown here; see Table 3 for data on genera-
tions 2, 8, 11, 19 and 27).

levels of resistance to Isolan and m-isopropylphenyl
methylcarbamate in the R-Isolan strain for at least
41 generations, or the equivalent of approximately
20 months. The duration of such stability is longer
than that reported for several organophosphorus-
resistant strains of the housefly (March, 1959;
Forgash & Hansens, 1962) but apparently shorter
than that characteristic of dieldrin-resistance.

2. The early regression of resistance to both
carbamates in strain R-MIp1 may have resulted
from inclusion of deleterious biotic characters in this
strain during the process of selection. It is unlikely,
however, that such unfavourable characters are

linked with the factor for resistance, since equally
high resistance to m-isopropylphenyl methylcarba-
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TABLE 3
REGRESSION OF RESISTANCE TO ISOLAN IN STRAIN R-iso'an a

AFTER CESSATION OF SELECTION PRESSURE

24-hour mortality (%)
Dose

(Mg/female Susceptible Resistant Generations without insecticidal pressure
fly) strain sri

strain R-isoian 2 8 11 15 19 27 41 62

0.5 11

1 28

1.5 45 5

2 61 8

3 88 13

4 95 18

5 98 3 3 0 7 2 9 25

6 8 21 8 8 19 10 7 28

8 10 24 22 24 17 12 8 19 45

10 21 35 47 35 40 17 28 31 55

12 56 74 91 99 92 33 62 44 83

14 75 91 63 80 65 95

16 75 91 75 88 90 100

a Selected with Isolan for 30 generations.

TABLE 4
REGRESSION TO RESISTANCE

TO m-ISOPROPYLPHENYL METHYLCARBAMATE
IN STRAIN R-isoian a

AFTER CESSATION OF SELECTION PRESSURE

24-hour mortality (%)

Dose Generations
(Mg/female Resistant without insecticidal

flY) Su scepstrain strain pressure
R-isotan

41 62

1 12 4

1.5 31 5

2 49 9

3 79 20

4 23

5 95 28

6 45

7 100 45

10 5 3 54

20 5 8 65

50 5 10 55

100 10 42

a Selected with Isolan for 30 generations.

mate in the Risoian
affected.

strain has not been similarly

Thus, insecticidal pressure with Isolan obviously
resulted in the selection of modifying genes which
contributed to the development of a relatively stable
resistant phenotype, while similar selection pressure
with m-isopropylphenyl methylcarbamate on the
same parental stock and for the same period of time
resulted in the development of an equally resistant
but unstable phenotype.

3. The nearly commensurate stability of resist-
ances to both carbamates in strain R-ISO]lan, as well
as their nearly commensurate regression in strain
R-MIP,1 indicate the close relationship of the
genetic factors conferring resistance to these com-
pounds. The same close relationship was also
observed during the process of induction of resistance
by selection with either compound (Georghiou,
Metcalf & March, 1961). As noted previously, how-
ever, the present data indicate a somewhat slower re-
gression of resistance to Isolan than to mn-isopropyl-
phenyl methylcarbamate in both strains. Thus,
although the two resistances are closely related, they
do not appear to be identical in their entirety. The
degree of relationship of the two resistances is now
being investigated with appropriate genetical crosses.
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RtSUMJ

Deux souches de mouches domestiques ayant presente,
apres avoir subi la pression de selection durant 30 gene-
rations, une resistance maximale, l'une 'a l'Isolan (iso-
propyl-1 methyl-3 pyrazolyl-5 dimethylcarbamate), I'autre
au m-isopropylphenyl methylcarbamate, ont et sous-
traites a la pression de l'insecticide et leurs reponses a
ces composes ont ete suivies sur 62 generations.
Dans la souche selectionn&e par l'Isolan la resistance

aux deux carbamates est demeuree inchangee jusqu'a la
41e generation; elle a ensuite diminue progressivement
et 'a la 62e generation la souche comportait environ 28%
d'insectes sensibles. Dans la souche selectionnee par le
m-isopropyl phenyl methylcarbamate la resistance a
rapidement regresse, en particulier entre la 1 e et la

l9e generations; i la 54e generation la souche etait
presque aussi sensible aux deux carbamates qu'avant la
selection.

L'auteur conclut que la pression exercee par l'Isolan
a entrain6 le developpement d'un phenotype resistant
relativement stable, tandis qu'une semblable pression
de selection par le m-isopropylphenyl methylcarbamate
sur la meme souche familiale et pendant le meme laps
de temps produit un phenotype egalement resistant mais
instable. Cette difference de stabilite dans la resistance
peut etre attribuee a l'incorporation dans les souches, au
cours de la selection pour le caractere de la resistance,
de genes modifiants dissemblables.
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