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ABSTRACT. Malathion resistance in Aedes
tacniorhynchus (Wicdemann) was studied to de-
termine its mode of inheritance. Dosage-mortal-
ity curves were calculated for a resistant (R)
strain, a susceptible (S) strain, and reciprocal hy-
brids [F: (R x 8) and F; (S x R)] from data ob-
tained by topical application of malathion. Thesc

Malathion resistance in populations of
Aedes taeniorhynchus (Wiedemann) in
Florida have become a problem of increas-
ing concern in recent years. The first
reports of resistance were made by Glancey
et al. (1966), Gahan et al. (1966), Rath-
burn and Boike (1967), and Lofgren et al.
(1967). These reports indicated that F;
larvae and/or adults of field-collected A.
taeniorhynchus were resistant (>4X) to
malathion in 4 counties on the west coast
and in 5 counties on the east coast of
Florida. Furthermore, the results of field
applications by aircraft in 1966 showed a
1o-fold increase in the amount of mala-
thion needed for go percent reduction of
adults of A. taeniorhynchus when com-
pared to results obtained in 1959 (Glancey
et al. 1966). Additional reports of mala-

1 This paper reflects the results of research only.
Mention of a pesticide or a commercial or pro-
prietary product in this paper does not constitute
a recommendation or an cndorscment of this
product by the USDA.

data were used to analyze the progeny of genetic
crosses.  The R males and R females were found
to be 31- and 46-fold resistant at the 1.D-go, re-
spectively.  The results of genetic crosses sug-
gested that malathion resistance was inherited,
primarily as a single dominant, autosomal gene.

thion resistance in this species have since
been reported by Boike and Rathburn
(1968, 1969, 1972, and 1974) and Mount
et al. (1971 and 1974). A review of these
reports indicated that resistance is present
along most of the east coast, the lower half
of the west coast, and in the Florida Keys
(Monroe County). No cross resistance to
other organophosphate insecticides was ob-
served in these studies.

Mount et al. (1974) reported the selec-
tion of a strain of A. taeniorhynchus that
was highly resistant to malathion, but
showed no cross resistance to other adult-
icides. The origin of this strain was a
native population that was heterogeneous
in susceptibility to malathion.

The objective of this present study was
to determine the mode of inheritance of
malathion resistance in A. taeniorhynchus.
Although some generalizations can be
made based on surveys for the detection
of resistance, we believe that the mode of
inheritance merits priority in assessing the
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impact of resistance on trends in control
of this important species of mosquito.

MeTHODS AND MaTERIALs. The Fy gen-
eration of the malathion-resistant (R)
strain described by Mount et al. (1974)
and a malathion-susceptible (S) strain
colonized by Davis (1958) were used.
The R strain originated from a cross of
males of a field population (from Duval
County, Florida) heterogeneous for mala-
thion resistance to females of the S strain.
This cross was necessary because the field-
collected females would not mate readily
in laboratory cages, a phenomenon char-
acteristic of many species of mosquitoes.
The F; and F, generations were not se-
lected with malathion, but mosquitoes of
these 2 generations were assayed for sus-
ceptibility to malathion by exposure to
sprays containing various concentrations
of the chemical in a wind tunnel, de-
scribed by Mount and Pierce (1974). Mos-
quitoes of subsequent generations were
treated as virgin adults with doses of
malathion that caused 50 to 95%, mortal-
ity. The S strain was established at our
laboratory in 1957 and was subsequently
maintained without any intentional ex-
posure to pesticides. Rearing was con-
ducted according to the procedures simi-
lar to those of Davis (1958) and Haeger
(1958), but hog supplement was sub-
stituted for rabbit pellets.

The genetic analysis of resistance fol-
lowed the basic guidelines presented by
Tsukamoto (1963). Dosage-mortality re-

Table 1.

gression lines were calculated by probit
analysis (Finney, 1947) for the R and S
strains and their reciprocal hybrids. The
data for these calculations were obtained
by topical application of malathion at
doses ranging from 2.5 to 500 ng per adult
with a calibrated repeatable dispenser
(Microliter Syringe, Hamilton Co., Whit-
tier, Calif.) that delivered an 0.5 pl vol-
ume of an acetone solution of malathion.
Forty to 6o adults were treated with each
dose, and a sufficient number of doses were
used to fully define the nature of the dos-
age-mortality relationship. These data
were then used as a basis for making ap-
propriate crosses to determine the type of
genic control of the resistance. Unfortu-
nately, there are no useful genetic mark-
ers in A. taeniorhynchus that allowed a
factorial analysis of variance of individual
chromosome effect. Thus, we studied the
presence of major gene action and ignored
any ancillary genes that cause minor ef-
fects. Progeny from the backcrosses and
F, crosses were assayed by using a series
of doses of malathion. The dosage-mor-
tality data for the defined genotypes, i.e.,
R, S, or hybrid, were used to calculate
theoretical curves for the backcrosses and
F, progeny, and these expected mortali-
ties were compared with observed values
by x? analysis by two methods. The first
x* analysis was calculated for the data over
the whole range of the assay doses, and the
second was done with only those doses on
the plateaus of the theoretical curves. In

Probit analyses of dosage-mortality data obtained by topical application of malathion to

resistant (R), susceptible (S), and reciprocal hybrids of Aedes taeniorhynchus.

Fiducial limits

Fiducial limits

(95%) (95%)
1L.D-50 LD-g0

Genotype Slope (ng) Upper  Lower (ng) Upper Lower
SQ 1.96 5.7 7.6 3.9 10.9 29 8
R Q 2.45 295 373 253 498 1025 388
2 (R2xS &) 2.61 170 183 158 277 325 248
F. 2 (S?xR &) 2.41 161 176 148 276 334 243
S é 2.54 4.3 5.4 3.0 7.1 12, 5.6
R & 3.08 145 167 117 220 290 160
F. & (RQxS &) 2.05 108 119 96 201 252 174
F. 4 (S? xR &) 1.66 89 101 76 192 250 163
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each case,.the x? value was partitioned for
deviation from expected and for hetero-
geneity between replicates, i.e., doses, as
described by Mather (1957).

Resurts. Probit analyses of the dosage-
mortality assays are presented as regres-
sion lines in Figures 1 and 2 and sum-
marized in Table 1. A comparison of
the estimate for the LD-go for the R and
S trains showed the R males and R fe-
males were 31- and 46-fold resistant to
malathion, respectively. The hybrids,
Fi(Rx8) and F;(SxR), were resistant,
thus indicating that the resistance was due
to dominant gene action. A slight diver-
gence was noted in the slopes of the re-
gression lines for the hybrid males, but
whether this was caused by a maternal or

paternal effect cannot be determined ac-
curately, although the smaller slope most
probably resulted from a maternal effect
since the slope of the line for the S female
was less than the other genotypes. The
response of the reciprocal F; hybrid fe-
males to malathion was similar as was
expected.

Theoretical mortality curves for back-
crosses to the S strain and Fa crosses of
the reciprocal hybrids are also shown in
Figures 1 and 2. These curves represent

the expected mortality values at various
doses for a single, dominant, autosomal
gene and contain a plateau that ranges
from 25 to 75 ng per mosquito, allowing
discrimination of the heterozygotes from
the susceptible homozygote.

When the
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Fig. 1. Dosage-mortality regression lines for the R (), S ([J), and reciprocal hybrid (@ and

A) males treated topically with malathion.

The expected dosage-mortality curves for F» (S@ xR 3)

(dotted line) and backcross (solid line) progeny are shown.
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backcross data were anaylzed by x2, the
observed kill agreed with the expected
at the doses on the plateau, but the data
did not fit the expected for all doses with
some crosses (Table 2). In particular the
progeny of the S @ xF; ¢ (S ¢ xR 2)
were more susceptible than expected from
the theoretical model. The F, progeny
were more susceptible than expected, es-
pecially at the higher doses, and a lack of
fit to the theoretical was observed for both
crosses. However, as in the case of the
backcross data, there were no differences
between observed and expected values at
the discriminating doses.

Discusston.  Genetic studies can pro-
vide insight into the severity of a resistance
problem because the mode of inheritance

50
-

7 Mortality
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can be used to predict, to some extent,
the effect of further selection of a field
population that is heterogeneous for re-
sistant genes. Even though continued se-
lection will increase the frequency of the
resistant type, the selection process re-
quires time, the amount of which will
depend on the number of genes affecting
the resistance. If the resistance is poly-
genic, then the removal of selection pres-
sure by switching to an alternate pesti-
cide could in some cases be an effective
means of avoiding a more severe resistance
problem. Unfortunately, malathion re-

sistance in A. taeniorhynchus is due to an
autosomal, dominant gene, and sustained
usage of malathion will select for a higher
frequency of the resistance allele.

There

10
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Fig. 2. Dosage-mortality regression lines for the R (Q), S ([J), and reciprocal hybrid (@ and
A) females treated topically with malathion. The expected dosage-mortality curves for Fz (dotted line)

and backcross (solid line) progeny are shown.
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is little hope of disrupting such a simple
inherited trait; however, a decrease in the
resistance alleles could occur if the use of
malathion was terminated. This would
happen if the fitness of the resistant type
was less than that of the susceptible type,
which has often been the case in other
resistance studies. A report of increased
susceptibility by Boike and Rathburn
(1969) suggested better survival for the
susceptible type, although this observa-
tion could have been the result of inter-
breeding with neighboring unselected
populations. Since the expression of re-
sistance is also present in the hybrid, then
the fixation of the resistance allele is im-
probable, because ineffective control would
force abandoning malathion in spray op-
erations. As an example, a frequency of
0.2 for the resistance allele corresponds to
64%, kill, which is much less than is de-
sirable for field control. The A. taenio-
rhynchus population from which Mount
et al. (1974) selected a malathion-resistant
strain had a frequency of 0.4 for the re-
sistance allele which corresponds to only
40% kill at recommended doses of mala-
thion.

As noted previously, malathion resis-
tance was detected 1n many areas of
coastal Florida as early as 1965, yet the
use of this chemical continued in some
areas. This resistance to malathion ap-
pears to have had a slower rate of devel-
opment than has been observed in other
species. The slow increase in frequency
of the resistance allele probably stems from
a low overall sclection rate imposed by
limited adulticiding in Florida. Ordinar-
ily, adulticides for control of A. taenio-
rhynchus are applied in and around resi-
dential areas, and no larviciding is done
with organophosphate insecticides. This
practice of leaving breeding areas un-
treated could be an effective method of
combating insecticide resistance; however,
it must be strictly adhered to in the future
to prolong or avoid the development of re-
sistance to other adulticides in A. taenio-
rhynchus.

Our findings indicate that malathion

resistance in A. taeniorhynchus is similar
to malathion resistance in Culex tarsalis
Coquillett as reported by several investi-
gators. Malathion resistance in C. tarsalis
was inherited as an autosomal dominant
allele (Plapp ct al. 1961), conferred no
cross resistance to other organophosphate
compounds (Darrow and Plapp 1960),
was effectively negated by the addition of
phosphate synergists to malathion (Plapp
et al. 1963), and was due to a mutant
carboxyesterase enzyme (Matsumura and
Brown 1961; Bigley and Plapp 1962).
This carboxyesterase enzyme was later
characterized by Matsumura and Brown
(1963).

Although we have not conducted a phys-
iological study on the malathion resistance
mechanism in A. taeniorhynchus, our data
demonstrated the same type of specific in-
heritance which, apparently, does not con-
fer cross-resistance to other types of or-
ganophosphorus insecticides.  Moreover,
malathion resistance in A. taeniorhynchus
was effectively negated by some of the
phosphate synergists used in Plapp et al.
(1963) (unpublished data). This paral-
lelism suggests that the resistance mechan-
ism in A. zaeniorhynchus involves an in-
creased  carboxyesterase activity which
would be specific for malathion and simi-
lar insecticides.
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