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There are many factors which may affect
the results of tests of mosquito larvicides.
Some of these which have been studied are
age, nutritional state and density of larvae,
surface area-volume relationships, type of
container and amount and type of solvents
(Kruse et al., 1952, and Weidhaas and
Gahan, 1958). Strong evidence of joint
action of solvent and toxicant was dem-
onstrated by Hawkins (1956). Hawkins
and Kearns (1956) published results of
ionic environment and zeta potential in
relation to suspension stability of DDT.

Differences in the susceptibility of larvae
of various species of mosquitoes to a par-
ticular insecticide, and of the same species
to different insecticides, were observed by
Schmidt and Weidhaas (1958). These
authors (19s59) also studied the effect of
variations of technique on the mortality of
mosquito larvae in laboratory tests. In
spite of all these observed differences in
mortality due to testing method, it is
customary to recommend larvicide applica-
tion rates on an area basis without regard
to the depth of water.
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Most larviciding formulations available
are emulsion concentrates which are di-
luted with  water, and when applied to
water disperse rather uniformly through
it. It is therefore to be expected that sprays
applied to deep water will be less effective
than when shallow water is treated. The
objective of this study was to test the effect
of water depth on larval mortality when
emulsion concentrate solutions of insec-
ticides are applied to the water surface.

MarteriaLs aAND MrTHODS. Wide-mouth,
glass, gallon jars, 14.6 cm. in diameter,
were employed as test containers. The sur-
face area of water inside each jar was 190
cm.? Tap water of pH 7.4 was used in
all tests.

Malathion and parathion emulsion con-
centrates, 57 and =25 percent by weight
respectively, were selected for these studies.
Both insecticides were formulated by
American Cyanamid Company, New York,
N. Y.

Fourth instar larvae of the Bakersfield
strain of Culex pipiens quinquefasciatus
Say were utilized in the tests. This strain
of mosquitoes was colonized in 1952 by
the Kern County Mosquito Abatement
District from adults collected in Bakers-
field. A sub-colony was started at the
Bureau of Vector Control Field Station at
Fresno in 1953.

Thirteen one-gallon jars of identical size
were used for the tests. Four hundred
thirty ml. of water placed in a jar provided
a medium of 2.5 cm. deep. Each succes-
sive 475 ml. of water increased the depth
by an increment of 2.5 cm. Two sets of 6
jars each were prepared for the two dosage
rates of each insecticide. Within each set,
an appropriate volume of water was added
to give depths of 2.5, 5.0, 7.5, 10.0, 12.5,
and 15.0 cm. One jar containing water 7.5
cm. deep was employed as an untreated
control for the two sets. Each insecticide
was tested at two dosage levels. These
two dosages were selected to kill approx-
imately 50 and 9o percent of the larvae
when applied to water 2.5 cm. deep. These
dosages were 0.3241 and o0.4140 mg.

malathion/cm.” of water surface and
0.0065 and 0.0084 mg. of parathion.
One hundred larvae were introduced

into each jar before the addition of the
insecticide. Appropriate amounts of mala-
thion and parathion formulations were
weighed on an analytical balance and serial
dilutions were made in distilled water.
One ml. of the final dilution was added to
each jar by pipette, dropwise, care being
taken to treat only the water surface. The
jars were left undisturbed for the entire
exposure period to avoid mechanical mix-
ing of the test medium. After 24 hours
each larva was probed with a needle and
those which failed to respond were tab-
ulated as dead. All tests were performed
at 25 &= 3° C. Each test was replicated
three times.

In another experiment, 3 series of jars
with 3 jars in each series were employed
to determine the distribution pattern of
the emulsion concentrate of malathion in
varying depths of water. To the first,
second, and third series of jars were added,
respectively, 430, 860 and 1720 ml. of
water to produce depths of 2.5, 5.0, and
10.0 cm., Malathion was applied to each
of the three series at the rate of o0.4140,
0.8280, and 1.6560 mg./cm.? of water sur-
face. Although these three dosages differ
in terms of weight applied per unit of
surface area, the final concentration of
malathion in the water of each series would
be approximately the same if it were
homogeneously distributed.

Resvrrs. The effect of depth (or vol-
ume) of water on mortality of larvae is
shown in Table 1. Each figure in the table
is an average of three replicates. It can be
seen that the effectiveness of the insecticides
was greatly reduced by increasing the
depth of the medium. Larval mortality
was negligible in tests where the water
was 10 cm. or more in depth. Increasing
the depth of the water affected the perform-
ance of the two insecticides similarly.

These results indicate that when equal
amounts of insecticide are applied to equal
surface areas, the mortality rate is inversely
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TABLE 1.—Twenty-four hour mortality of Culex pipiens quinguefasciatus larvae exposed to malathion
and parathion emulsions applied at diffcrcnt dosage rates (mg./em.?) to varying depths of water

Malathion Parathion
Depth of 0.3214 0.4140 0.0065 0.0084
water (cm.) mg./cm.2 mg./cm.2 mg./cm.? mg./cm.?
2.5 53.7 88.0 35.3 91.0
5.0 18.7 31.0 5.3 37.7
7.5 6.7 15.7 2.0 6.0
10.0 0.7 4.3 1.0 3.7
12.5 0.0 2.3 2.0 1.3
15.0 0.0 0.0 1.3 1.3

related to the depth of water. If the mortal-
ity rate is plotted against the square of the
depth of water, an approximately straight
line results, suggesting that the mortality
rate is inversely related to the volume of
medium. If the mortality rate is plotted
against the dosage in terms of weight of
wnsecticide per volume of water an approx-
imately straight line results which sug-
gests a uniform dispersion of insecticide
throughout the aqueous medium. This is
especially true of malathion. With para-
thion the kill of larvae at high dilutions is
greater than expected which suggests a
less homogeneous distribution of the insec-
ticide with larger amounts occurring in the
zone where larvae are concentrated.
When similar tests were done in which
the weight of insecticide per unit of sur-
face areca was increased as the depth in-
creased, the mortality rate did not vary
with increasing depth of water (Table 2).

Discussion. The data presented in Table
1 indicate that a given dosage of insec-
ticide applied to different volumes of water
is homogeneously distributed throughout
the water so that the concentration of the

insecticide is decreased as the volume of
water is increased. These results are con-
firmed by the data shown in Table 2
which indicate that when the weight of
insecticide per volume of medium is held
constant, the mortality rate does not change
with depth of medium. It is expected that
emulsion concentrates of many other insec-
ticides will be found to behave in a sim-
ilar fashion. It remains to be shown
whether these laboratory findings will
prove true under field conditions. The
present studies strongly suggest, however,
that the wusual method of calculating
dosages, i.e., weight per unit of surface
area, has some limitations. If all mosquito
breeding places are treated with the same
dosage rate of larvicide (based on area),
many larvae, especially those in deeper
standing water, will undoubtedly survive.
From this the impression may be created
that the population has become resistant to
the insecticide. The depth of water over
the area to be treated should therefore be
considered when selecting an effective
dosage, especially if the formulation used
can be expected to attain a state of homo-
geneous distribution in the water.

TABLE 2.—Twenty-four hour mortality of Calex pipiens quinguefasciatus larvae exposed to malathion
emulsion applied at similar dosage rates (mg./cm.3) with respect to volume of water *

Depth of Dosage ‘
water (cm.) (mg./cm.2) Mortality (percent) Average
2.5 0.4140 95 90 96 93.7
5.0 0.8280 95 93 94 94.0
10.0 1.6560 96 93 91 93.3

1 Actually, the dosages were 0.183, 0.174, and o.170 mg./cm.%, respectively, the variation being due

to the non-uniform nature of the bottoms of the jars.



274

Mosgurro Nrws

Vor. 20, No. 3

Sumriary. The effects of similar rates
of application (mg./cm.? of water surface)
of malathion and parathion emulsion con-
centrates to varying depths of water with
identical surface area were investigated by
employing C. p. quinquefusciatus larvae.
A given dosage (based on mg./cm.?)
was less effective as the depth of water
was increased. The lower mortality with
increasing depth of water was attributed
to homogeneous distribution of the insec-
ticide throughout the water.

When malathion was applied at a con-
stant rate of weight of insecticide to vol-
ume of water, varying depths did not affect
the larval mortality.

This information suggests that the com-
mon practice of applying mosquito lar-
vicides on the basis of surface area of water
without consideration of water depth may
result in ineffective larval control in deep
water.
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ENTOMOLOGISTS WANTED

fits.

6, D. C.

‘The Pan American Sanitary Bureau, World Health Or-
ganization, is recruiting entomologists for work in malaria
eradication projects in different countries of Latin America.
Must have Ph.D., or Sc.D. in entomology or related discipline.
Knowledge of Spanish advantageous. Work involves quan-
titative field studies of anophelines, their life history, habits
and ecology. Starting salary $6,000 per annum plus liberal
allowances, income tax reimbursable.
For further information, write to Personnel Officer,
PASB/WHO, 1501 New Hampshire Ave. N.-W., Washington

Generous fringe bene-




