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FACTORS AFFECTING THE INSECTICIDE SUSCEPTIBILITY OF
AEDES NIGROMACULIS LARVAE IN LABORATORY TESTS

WILLIAM H. WILDER® ano CHARLES H. SCHAEFER !

ArsTRACT. Several techniques, useful in han-
dling Aedes nigromaculis (Ludlow) latvae in
susceptibility testing programs, were evaluated:
When larvae were reared from cggs which had
been stored for 4 months, the average decrease in
LCio for several insecticides was 15 percent, com-
pated to field-collected larvae, There was no
significant difference in parathion susceptibility
between those larvae which had been field-
collected at an early age and subsequently lab-
reared, and those larvae allowed to develop in the
field. When larvae were held for 1 to 3 days at

Aedes nigromaculis (Ludlow), the pas-
ture mosquito, is of major pest and eco-
nomic importance in the Central Valley
of California. Because of its propensity
to develop high levels of insecticide re-
sistance, and since present and future abil-
ity to control this species is of constant
concern, this mosquito is under intensive
laboratory study, particularly as regards
resistance levels of field populations and
efficacy of candidate larvicides.

This paper describes several techniques
which are usefu] in rearing and handling
A. nigromaculis larvae for use in testing
programs, and evaluates the effects of
these techniques on larval vigor and con-
sequent susceptibility in larvicide tests.
Seasonal changes in the organophosphorus
(OP) susceptibilities of several field popu-
lations also are reported,

Suscepreirty Test METHODS.  Suscep-
tibility tests were conducted as follows:
Twenty fourth instar larvae were placed
in 100 ml of unchlorinated tap water con-

tained in 4-0z waxed paper cups. ~Acetone '

solutions of given larvicides were applied
to the water surface; a graded series of
duplicated or triplicated concentrations

1 University of California, Mosquito Control
Research Laboratory 5545 East Shields Avenue,
Fresno, California 93727.

15° C in order to retard their development, there
was a significant but small increase in their
fourth instar susceptibility to fenthion and Durs-
ban®, but not to RE11775 ot parathion. In gen-
eral, eatly instars were more susceptible to the
compounds tested than were late instars; re-
sistance was higher in fourth instars than in
second instars of an OP-resistant strain. When
larval susceptibilities of field populations were
measured over a 3o-month period, it appeared
that, in some cases, there was an increase in LCY
to mid-season, followed by a decline.

was selected to cover the range of mortal-
ity. Treated larvae were held at 21°C
water temperature for 24 hours. Larvae
which could not move or which behaved
abnormally were scored as dead.

The data were analyzed by the approxi-
mate comparison method of Wadley
(1967). 'This involved plotting the results
of each replication on probit-mortality
paper and estimating, by eye, the individ-
ual LC;¢ values; the logarithms of these
were compared in a factorial analysis of
variance as a completely randomized de-
sign. Significance was determined at the
.05 probability level.

The OP larvicides, fenthion, Durshan®
and parathion, and the carbamates, pro-
poxur and RE1r775 (m-sec-butylphenyl
N-methyl-N-(phenylthio) carbamate) were
used. Not all compounds were utilized
in every test.

LarvaL Reawmwe.  Approximately 300
field-collected A. nigromaculis larvac were
placed in 3 liters of a mixture of one part

- field water and one part unchlorinated tap

water in an enamel pan. Alber’s Spur, a
livestock food supplement, was used as Jar-
val food; a handful of dry straw was also
added to each pan to serve as “browse”
for foraging larvae. The water tempera-
ture was maintained at 25° C and aeration
was provided.
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VIGOR OF LARVAE REARED
FROM STORED EGGS

Under proper conditions, 4. nigromacu-
lis eggs will remain viable for several
months. This enables us to field-collect
mated female adults, harvest the eggs, and
store them for use at a later date. A
series of three tests, utilizing OP-resistant
populations, was performed to determine
whether latvae reared from stored cggs
suffered any loss of vigor which would
influence their insecticide susceptibility.

Merrops.  For each test, larvae and
gravid females were collected from the
same field. Both stages were not always
available at the same time from a given
field, but usually only a few days sepa-
rated the two collections. Since the two
stages were at the most only one or two
generations apart, their inherent suscepti-
bility levels were considered equal.

Field-collected larvac were lab-reared
and tested as fourth instars. Adult fe-
males were netted as they approached the
collector in search of a blood meal; they
were maintained in 1 cubic foot rearing
cages, and fed on mature roosters.

The eggs, deposited on wet, black terry
cloth placed in the cages, were washed
daily into enamel pans and then trans-
ferred onto filter paper circles. These
“egg papers” were kept at least one
week at approximately 23° C and 8o per-
cent relative humidity to allow for em-
bryonation, after which they were trans-
ferred to the refrigerator for storage at
4°C and ¢8 percent relative humidity.

Prior to hatching, eggs were “recondi-
tioned” for one week or longer by trans-
ferring the egg papers to an area main-
tained at 23° C and 98 percent relative
humidity. Eggs were hatched by immers-
ing the egg papers in water containing a
dilute yeast infusion, Larvae were reared
in enamel pans; yeast, livestock food pel-
lets, and dry straw made up the rearing
medium. Upon reaching the fourth in-
star the larvae were subjected to the in-
secticide susceptibility tests; each of the
three tests was individually analyzed.

Resvrrs. Table 1 shows the mean LCj,
values for the three tests. Fenthion and
Dursban were included in all three tests,
while RE11775 and propoxur were each
used only once. The analyses revealed
that the differences due to the insecticide
factor were significant, as expected, in all
three tests. Differences due to the “method”
factor wete not significant in the second
Costa test but were in the first Costa test
as well as in the Sanchez test.” The F ratio
was much higher in the Sanchez test (F=—
34) than in the significant Costa test (F=
5.9).

When larvae are reared from stored
eggs, there are two major factors which
can affect larval vigor. One factor is due
not to egg storage as such, but to that
which occurs as a result of the larvae being
totally labreared. When larvae are col-
lected as early instars and then lab-reared,
they are about as vigorous as those allowed
to mature in the field. These larvae, how-
ever, get a good “start” in the field before

TasLe 1.—Relative susceptibility of field-collected larvae compared to larvae reared from stored eggs—
mean LCs values (ppm).

Insecticide
Term of

Source Method cgg storage  Fenthion Dursban  RE11%75 Propoxur
Sanchez Field-collected larvae el .020 O .

Larvae reared from stored eggs 6 mo., .012 0063  .....
Costa Field-collected larvae ceee 018 .01 .01

Larvae reared from stored eggs 4 mo, 020 .0003 L0077
Costa Field-collected larvae Ceen .020 014 ... .26

Larvae reared from stored eggs 4 mo, .018 1+ S .21
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being brought into the laboratory; and
this apparently can make a considerable
difference in their rearability. The other
factor is due directly to storage of the
cggs. Those eggs stored for longer pe-
riods are sometimes more difficult to rear
to the later stages, and larval development
is often more variable and mortality is
greater. In the case of the Sanchez test,
where the increase in susceptibility was
the greatest (39 percent average decrease
in LCs), the eggs were stored for 6
months, whereas in the other two tests,
where there was less susceptibility change
(15 percent average decrease in LCy), the
eggs had been stored for only four months.

REARING-VIGOR TESTS

Mosquito larvicide susceptibility tests
are routinely performed on fourth instar
larvae. These larvae may be field-collected
at any earlier instar and reared in the
laboratory to the fourth instar for testing.
Since laboratory-reared insects are often
less vigorous than field-collected speci-
mens, it seemed advisable to determine
whether or not pasture mosquito larvae,
which have been field-collected at an early
instar and subsequently reared in the lab-
oratory, suffer any loss of vigor which
would affect their level of susceptibility to
insecticides.

Mernops. Larvae were collected from
the same field population on consecutive
days, beginning at the second instar. Since
this species typically goes through one in-
star daily at summer temperatures, a seties
of second, third, and fourth instars was
available. Those collected as eatly larvae
spent most of their larval stage under
laboratory conditions, while those collected
as fourth instars spent practically all of
their larval stage under natural conditions.
Care was taken to make each daily col-
lection from the same area in a given pas-
ture to eliminate any variations caused by
habitat or brood differences. Conveni-
ently, for each test series, larval develop-
ment in the laboratory always paralleled

that in the field so that the series of larval
samples reached the fourth instar on the
same day, allowing for simultancous test-
ing of each collection. Parathion was used
as the test insecticide. This experiment
included larvae from three areas: Costa,
a highly OP-resistant population; Morse-
head, a susceptible population; and Liv-
ingston, a population having a low degree
of parathion’ resistance,

Resurrs. Table 2 shows the mean LCj,
values of fourth instar A. migromaculis
collected as second, third, and fourth in-
stars. 'The greatest difference in mean
LCs¢ values was in the Morschead test
where larvae collected as second instars
were most susceptible and those collected
as fourths were least susceptible. The op-
posite trend prevailed in the Costa test
where early-collected larvae were least sus-
ceptible and those collected as fourths wete
most susceptible. In the Livingston test
those collected as thirds were most suscep-
tible while those collected as fourths were
least susceptible. These differences are
minor, and reflect expected variations
which occur in larvicide tests; they were
not statistically significant at the .05 level.
Differences due to source effect were sig-
nificant, as expected, since these popula-
tions differ in their resistance levels.

In a study of OP susceptibility levels of
Anopheles freeborni, Womeldorf et al.
(1970) compared fourth instar levels of

TasLe 2.—Relative parathion susceptibility of
fourth instar larvae collected at different instars.

No.
of days  Fourth
Source Instar lab-  instar mean
of larvae collected  reared LCs (ppm)
Costa second 2 089
third 1 .080
fourth 0 L07%
Morsehead second 2 .0025
third 1 .0034
fourth 0 .0044
Livingston second 2 .0033
third 1 0030
fourth 0 .0042




SEPTEMBER, 1072

Mosqurto NEws

393

larvae collected as early instars, larvae col-
lected as fourth instars, and lab-reared
progeny of field-collected adults. They
found that use of the different methods
resulted in similar LCjy values.

LARVAL STORAGE TESTS

For laboratory insecticide susceptibility
tests, pasture mosquito larvae are collected
from the field, transported to the labora-
tory, and reared to the fourth instar at
which time they are used; or, if they are
already fourth instars when collected, then
the tests are run upon arrival at the labo-
ratory. ‘This requires that a technician be
available to test the larvac on the day they
reach the fourth instar testing stage, and
also 24 hours later when post-treatment
mortality counts are made. It also limits
the number of tests which can be made
from a collection since all larvae must be
utilized at the same time, assuming that
they were all of the same stage when col-
lected, which is usually the case with this
floodwater species.

To introduce more flexibility into our
larvicide testing regimen by reducing
these limitations, a method for “storing”
field-collected A. nigromaculis larvae at a
lowered temperature, to slow their growth
rate, has been evaluated. Larvae were
ficld-collected and transported to the labo-
ratory where they were divided into two

groups. One group was reared normally
at 25° C water temperature; the other
group was placed in a cool chamber at
15° C water temperature for one or more
days, then allowed to gradually warm to
room temperature, after which they were
reared to the fourth instar for testing. The
parathion tests were run in duplicate, the
others in triplicate,

Resurts. When larvae were held at
15° C, their activity and growth rate were
greatly reduced. If storage was limited
to a maximum of 2 days, their activity,
growth rate, and apparent vigor returned
to normal after reacclimatization. When
storage was extended beyond 2 days, how-
ever, results were variable. In some cases
the stored larvae appeared normal while
in others the larvae were obviously in a
weakened state. In the tests herein de-
scribed, only vigorous-appearing groups of
stored larvae were used.

Susceptibility test results are shown in
Table 3. In the fenthion and Dursban
tests, the LCsq values of the stored larvae
were significantly different from those of
the unstored larvae, but in the parathion
and RE11775 tests, there was no signifi-
cant difference.

The average decrease in LCso due to
larval storage was 19 percent and 18 per-
cent; respectively, for Dursban and fen-

~thion. For the entire series of tests, in-

TasLe 3.—Relative susceptibility of stored and unstored fourth instar larvae—mean LCs values (ppm).

Fenthion Dursban RE11775 Parathion
No.
days  Instar  Unstored Stored Unstored Stored Unstored Stored Unstored Stored
Source Stored  stored larvae larvae  larvae larvae larvae larvae larvae larvae

Tarabini 2 ath el . 00X 0074  cvein eenns
Pacheco 2 3rd & 4th 0016 .co15 .0087 .0082 0095 .010
Hahsey 2 z2nd &3rd 0016 .0013  .00%73 .0074 0099 .0078
Culp E S T« R 0088 .0099
Gilbert 2, 3rd &4th 00I5 .00I2  .00I 00053 .0067 .0066
White 2 3rd & 4th 0068 .0059 0046 .0036 0082 .o014
Evans 2 2nd & 3rd 010 012 0073 .0062 ... eaes e e
Sanchez 1 and 011 011 0054 0051  c.ues aenns .20 .19
Nunez 3 3rd & 4th 0039 .0032 00I5 .00I3  cevun weens .09 064
Avila 2 0068 .o0047 00IT  .0020  «evee weren .034 032
Total Mean 0075 .0063 0030 .0026 0095 .0093 .084 .074
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cluding all four larvicides, the average
decrease was 13 percent.

RELATIVE SUSCEPTIBILITY OF
INSTARS

Differences in the insecticide suscepti-
bility of larval instars of pasture mosqui-
toes are of interest from the standpoint of
applied larval control as well as in labora-
tory investigations. In a study comparing
the susceptibility of different instars of a
laboratory strain of Culex pipiens quin-
quefasciatus, Mulla (1961) reported vary-
ing results, depending on the insecticide
used. With g of 11 insecticides, the first
instars were more susceptible than fourth
instar larvae, but there was no difference
with two insecticides; the second and third
instars (mixed) were more susceptible
than fourths with four insecticides, but
there was no difference with the other
seven insecticides.

To determine whether instar suscepti-
bility differences exist in A. nigromaculis,
a series of tests was performed to compare
the response of second, third, and fourth
instar larvae. First instar larvae were not
utilized since their minute size makes
them difficult to collect and handle.

MeTrops. Larvae were gathered from

a given field starting at the second instar,
with collections thereafter as third and
fourth instars. Each instar was tested
against a series of concentrations for each
insecticide. 'The OP larvicides, fenthion
and Dursban, and the experimental carba-
mate, RE11775, were used. A duplicate
series of concentrations was run for the
Tarabini tests; for all others each series
was triplicated. The LCyo values were
analyzed in a factorial analysis of variance
comparing instar and strain (pasture
name) as the two main factors. Separate
analyses were performed for each insecti-
cide.

Resurrs. Mean LCsyg values are shown
in Table 4. The two main effects, strain
and instar, as well as interaction, were
significant for all three insecticides. Dun-
can’s multiple-range test was used to deter-
mine significance between instars; and
since interaction was significant, this was
done for each strain as well as for the total
means. For fenthion the total mean LCj;,
was significantly highest for the fourth
instar, but second and third instars were
not significantly different from each other.
However, results of the four individual
fenthion tests are not the same. For ex-
ample, in both Gilbert tests third instar
larvae were significantly more susceptible

TasLE 4.—Relative susceptibility of instars—mean LCso values (ppm).*

Pasture Total mean
- - (avg. effect
Instar West Gilbert East Gilbert Costa Tarabini of instar)
Fenthion
2nd .oo1g® .0015° .0075° .00069® .0021%
3rd .0015% .00094* .o15° 00061 * .0020%
ath .o01g” .0015° .018° .oo1” .0029"
Dursban
2nd .00035* .00041* .0030" .00038% .00067%
3rd .00075° .00076” .0080° .00041% L0013
ath .00095° .0006g"® o11° .00064° .0016°
RE11%75
and .0025" .0031% 0043 ... .0032°%
3rd .0053"° .0066" Lo067® L. .0060"
4th .0059" .o1° o1t L. .0084°¢

*Means followed by a common letter within each cell are not significantly different at the .05

probability level (Duncan’s multiple-range test).
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than seconds or fourths, and those two
did not differ significantly from each
other. In the Tarabini test, second and
third instars were not different, but both
differed significantly from the fourth in-
star LCso. Only in the Costa test were
all three insturs significantly different, and
their LCso values were correlated with
instar.

For Dursban, the total mean values
show that, in general, susceptibility was
correlated with instar, and there were sig-
nificant differences between instars. This
held true in the individual Costa and West
Gilbert tests, but in the Tarabini test the
fourth instars were significantly less sus-
ceptible than the seconds and thirds, which
did not differ significantly from each
other.

In the RErr775 tests, the total mean
values were significantly different for each
instar, and susceptibility was correlated
with instar. In the individual tests this
was also the case with Costa and East Gil-
bert. In the West Gilbert test, second
instar larvae were most susceptible, but
the third and - fourth instars were not
significantly different,

In the tests involving fenthion and para-
thion, the OP-resistant Costa strain was
more resistant in the fourth instar -than
in the second instar; that is, the resistance
ratio (obtained by dividing Costa LCso
by average LCyp of the three relatively
nonresistant strains) of the second instar
Costa larvac was less than that of the
fourth instar Costa larvae. This is also
indicated when comparing the ratio of the
fourth-instar LCsy to the second instar
LCso; these were higher for the OP-resis-
tant Costa strain than for the three other
strains in the fenthion and Dursban tests.

SEASONAL CHANGES IN
SUSCEPTIBILITY

In some areas, particularly where insec-
ticide resistance is high, pasture mosquito
control failures often occur in late sum-
mer. This is attributed to an increase in
the resistance level of the population due

to selection by intensive control efforts
over the span of the breeding season,
which may include 18 or more generations
(Husbands, 1953). In evaluating candi-
date larvicides for use in California, their
performance against resistant strains is a
critical factor. Because 4. nigromaculis
are difficult to rear, field-collected larvae
are used for larvicide evaluations; since
seasonal changes in resistance levels could
affect the apparent toxicity of candidate
larvicides, the possibility of such changes
was investigated.

To determine the variability in response
to insecticides which can be expected
within a population of pasture mosquitoes
over a period of time, the fourth instar
susceptibilities of three separate field pop-
ulations of mosquitoes to three larvicides
were measured over a period of 30 months.
The three populations were: Tarabini, a
susceptible population associated with sey-
eral adjacent fields contained in a 1 square
mile area located in an uncontrolled area
of Madera County; Gilbert, a semi-resis-
tant group of three small neighboring
pastures all within a % mile area in east-
ern Tulare County (an uncontrolled area
but these mosquitoes have a low level of
parathion resistance); and Costa, an OP-
resistant population which has been under
intensive control for several years, con-
sisting of four neighboring fields within a
1 square mile area of castern Kings
County. Parathion, Dursban, and fen-
thion were used.

Resurts. The LCso's of each popula-
tion, plotted against time, are shown in
Figure 1. In general the variability of
response to fenthion was less than that for
Dursban or parathion. With the suscepti-
ble Tarabini population, fenthion varia-
bility was practically nil over the study
period, while it was greater for the semi-
resistant Gilbert strain and greatest for
the resistant Costa strain. For Durshan
the general variability was considerably
greater than for fenthion, and it exists
within each population. The variability
to parathion was comparable to that to
Dursban.
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With these limited data, the presence of
a seasonal correlation cannot definitely be
ascertained; however, a certain trend seems
to exist, and this is most apparent with
the Costa strain, where in 1968 the toler-
ance to all three compounds increased to
a maximum at mid-season which was fol-
lowed by a lateseason decline. The sea-
sonal direction is very unclear in 1969
and 1970 due to insufficient data; also,
resistance to this population was on the
increase during this period, especially to
Dursban.

The response of the Gilbert population
shows a similar pattern in some cases.
With parathion in 1968 and 1969 there
was a peak of tolerance in mid-summer
followed by a decline. This also appears
to be the case with Durshan in 1969 and
1970. With the Tarabini population, this
trend is not very evident.

In a study of the seasonal susceptibility
of larvae from two pastures in Kern
County in 1964, Mulla (1968) found a
slight decrease of OP tolerance in one
pasture and a slight increase in the other.
A trend toward progressively higher adult
resistance was indicated from the data in
another study (Wilder and Schaefer,
1970). In the present study, no trend is
evident for the susceptible Tarabini popu-
lation, but for the Gilbert and Costa popu-
lations, there appears to be a seasonal
increase in LCsp up to mid-season, fol-
lowed by a late-scason decline. If this is
the case, it could be due to an ethological
factor; normally, adult pasture mosquitoes
tend to remain in the vicinity of the
breeding area, particularly when field con-
ditions ate satisfactory for continued host
feeding and oviposition. However, later
in the season, adults begin to migrate and
are often found in foreign habitats, distant
from the breeding area.

It has been suggested that this behavior
is responsible for a return to normal resis-
tance levels at the start of the following
season (Wilder and Schaefer, 1g970). It
is possible that this decline in resistance,
due to dilution of the resistant genotype
by emigrating susceptible adults, would
show up, not all at once the following

season, but as a decline of resistance in
late summer or fall. This does not ex-
plain the increased difficulty in controlling
larvae as the season progresses, but other
factors, such as slower water penetration
and excessive vegetative canopy, may be
involved (Wilder and Schaefer, i4id.).

SUMMARY

Larvar Rearep #roM Storep FEcos.
Two of three tests showed significantly
greater susceptibility of those larvae which
were lab-reared from stored eggs. The
greatest decrease in LCs (39 percent) oc-
curred when eggs had been stored for 6
months. In the two tests where eggs had
been stored for only 4 months, the average
decrease in LCso was only 15 percent.
This technique of storing A. nigromaculis
eggs for lab use during the nonbreeding
winter months is quite useful, but storage
time should be limited to four months or
less.

Rearmwe-Vicor Tests. There was no
significant  susceptibility difference be-
tween those larvae which had been field-
collected at an early age and subsequently
lab-reared and those larvae allowed to
complete their development in the field. A4.
nigromaculis larvae can be field-collected
at whatever stage they are available, and
then lab-reared to the fourth instar with-
out suffering significant loss of vigor.

Larvar Storace Tests. When larvae
were held for 1 to 3 days at 15° C in order
to retard their development, there was a
significant increase in their fourth instar
susceptibility to fenthion and Dursban, but
not to RE11775 or parathion. The great-
est LCso decrease (19 percent) was in the
Durshan test; the average decrease for all
tests was 13 percent. This is a useful
technique which permits greater utiliza-
tion of a single collection of pasture mos-
quito larvae. The loss of vigor experi-
enced in these tests does not impose serious
limitations on use of the technique, since
a 20 percent or less decrease in LCsg
would generally be of little consequence.

ReLative SuscepriBiLty oF INsTags.
In general, the early instars were more
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susceptible, but there was considerable
variation between individual tests. Only
in the Costa strain were there always sig-
nificant differences between the LCyy’s of
the instars, for each of the three insecti-
cides employed. Not only strain, but in-
secticide, affected relative instar suscepti-
bility. For all four strains tested the total
average L.Cysp was correlated with instar
for Dursban and RE11775, but for fen-
thion, the total mean LCsq values for sec-
ond and third instars were not significantly
different.

In the two tests involving Op insecti-
cides, the fourth instar OP-resistant Costa
larvae were more resistant than the second-
instar larvae.

SeasoNAL CHANGES IN THE SUSCEPTIBIL-
1ty oF A. nigromaculis. TIn some cases
there was an apparent increase in LCs to
mid-season, followed by a lateseason de-
cline.  These susceptibility differences
amount to a maximum yearly variation of
approximately threefold, and therefore
could influence conclusions relating to de-
gree of resistance or efficacy of candidate
larvicides. However, since this is prob-

ably based on genetic, and perhaps nutri-
tional and crowding factors, it is not con-
trollable and we can only be aware that
these variations seem to depend on the
compound used, and the season.
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CORRECTION

“I would like to have entered in the next number of Mosquito News the following:
In Mosquito News 32(2):161, line 15 of the first paragraph of the Introduction—
strike the words ‘which were no doubt needed.”” . . . James B. Hoy



