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ABSTRACT. The effccts of mirex on all life
stages of Aedes triseriatus Say were tested in the
laboratory.  First instar mosquito larvac were
subjected to the mirex in water and the adults
were subjected to mirex in a 109 sucrosc solu-
tion.

Mirex caused mortality of the mosquito larvae
in excess of 809, for concentrations of 0.1 ppm
and above, but only 7.2% mortality ¢f an adult

InTrODUCTION. Environmental pollution
has remained one of the most pertinent
and controversial issues of today. The
chlorinated hydrocarbon pesticides are the
most frequent offenders, due to long re-
sidual properties and accumulation of
plants and animals in the food chain of
man {Shapley, 1971).

Currently the imported fire ‘ants, Sole-
nopsis richteri Forel and Solenopsis invicta
Buren, are under scrutiny in the South
with an active control program in Missis-
sippi utilizing mirex bait. . Mirex is not
casily broken down by water or sunlight
and may remain many years in the envi-
ronment. Van Valin, ez al. (1968) re-
ported that at recommended rates, mirex
residues in soil, water and vegetation were
relatively constant for over 300 days. The
awareness that the terminal elements in
the food chain are subject to biological
magnification of pesticide residues has
focused attention on the importance of the
invertebrate fauna in metabolism and
transfer of pesticides through focd chains.
However, very little work has been per-
formed on the effects of mirex on inverte-
brate populations (Johnson, 1968). The
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population resulted from exposure to the same
concentration.  Percent mortality of progeny from
mirex cxposed parents resulted in a decrease in
mortality when compared to percent mortality of
progeny from untreated parents. Data indicated
that adult weight was affccted slightly if at all
by mirex. No physical deformities were noticed
in any life stages.

importance of the invertebrate fauna in
metabolism and in transfer of pesticides
through food chains has been reported by
Holden (1965); Kallman, ez al. (1962);
Keith (1964); Sparr, ez al. (1965) and
others. Aquatic invertebrate populations
have been studied relative to DDT resi-
dues (Bridges, ez al., 1963; Grzenda, ¢z al.,
1964; Hunt and Bischoff; rg60).

Many OCI insecticides (DDT, dieldrin,
heptachlor and others) have been shown
to cause deleterious effects to nontarget
organisms (Graham and Scott, 1958; Har-
rington and Bidlingmayer, 1958; Cottam
and Higgins, 1946; and others). Arant, ef
al. (1958) and Ferguson (1963) reported
that efforts to eradicate the fire ant with
heptachlor showed disastrous effects upon
frogs, fish, lizards, turtles and snakes.
DDT, endrin, toxaphene and heptachlor
used as water treatments or as widespread
aerial sprays have resulted in residues in
mud of ponds and lakes (Cope, 1965).
Johnson (1963), Graham and Scott (1958),
Harrington and Bidlingmayer (1958),
Cope (1961), and Hoffman and. Olive
(1961) reported instances of reduction of
bottom dwelling invertebrates after appli-
cations of DDT and dieldrin. Cope (1965)
stated that the number of invertebrates
returned to normal usually within 3-6
months.

Fox (1967) reported that when aldrin,
dieldrin or heptachlor were applied to test
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plots at 6 lbs/acre significant reductions in
springtails, suborder Arthropleona, were
noted: the first year of application. How-
ever, springtails, Suborder Symphypleona,
and mites were not significantly affected.
Chlordane or lindane applications did not
significantly affect the number of spring-
tails and mites,

Field populations of striped earwigs,
Labidura ripana (Pallas) treated with
mirex or heptachlor were found to be re-
sistant to these insecticides (Gross and
Spink, 1969). It was shown that neither
mirex nor heptachlor killed the earwigs
when ‘the chemicals were applied at rates
recommended for control of imported fire
ants.

Claims have been made that mirex
causes cancer in mice, kills shrimp and
crabs, damages reproduction of fish, fowl
and mice (Vaughn, 1971).. However, in
all cases reported the test animals were
subjected to dosages much higher than
the recommended rate for fire ant control.

The purpose of this investigation was
to détermine the effect of mirex at low
concentration levels on laboratory-reared
invertebrate populations. : The selected
species of insect reared and treated was
the trechole mosquito, Aedes :triseriatus
(Say).

MateriaLs anp MeTHODS.  The Aedes
triseriatus (Say) strain was obtained from
Insect Control and Research, Inc., Balti-
more,; Maryland. A laboratory culture was
maintained throughout the study.

Reuring Procedure. The adult mosquito.

rearing area was conditioned and main-
tained- at 80° F and 80%, ‘RH; a photo-
period was set at 14 hours of light and
10 hours of dark. The adult mosquitoes
were' held in two 60 x 60 x 60 cm screen
cages. Larval and adult rearing 'was modi-
fied from Gerberg (1970).. The rearing
procedure was as follows: -

(1) Egg papers were flooded with tap
water (27° C) and stimulated to hatch by
deoxygenating the water; a pinch of a mix-
ture of ground lab chow and dry activated
yeast or nitrogen was added to the water.

(2) First instar larvae were seeded in

metal trays at a density of 400 larvae/500
ml of water at a depth of approximately
1.5 cm.

(3) Larvae were fed at a rate of 100 mg
of lab chow/400 larvae for 5 days; at this
time the rate was increased to 150 mg/400
larvae until pupation had occurred.

(4) Pupae were removed daily and
placed in emergence bowls in the adult
rearing area.

(5) Upon emergence the adults were
offered a 109} sucrose solution in cotton
balls placed on the top of ecach cage. A
bloodmeal (laboratory rabbit) was offered
to the females 48 hours after emergence.
Bloodmeals were offered at weekly inter-
vals until the egg supply was at a surplus.
Bloodmeals were then offered only when
new eggs were needed.

(6) Forty-eight hours after the blood-
meal, pint plastic cups lined with paper
toweling and half filled with colored wa-
ter (red and green food coloring) were
placed in the adult cage for oviposition
sites.

(7) The cups were left in the cage for
5 days; the egg papers were then covered
and aged for 8 days. After aging, the
eggs were conditioned for 24 and 36 hours
at 80° F and 809, RH.

(8) The egg papers were then placed in
moistened paper toweling and put in pint
plastic freezer bags and sealed. The eggs
were stored at room temperature until
needed.

Population Studies. Mirex (95%, tech-
nical grade) was dissolved in acetone and
concentrations calculated on a weight:vol-
ume basis. The stock solution and subse-
quent serial dilutions were made on a
volume:volume basis to give the necessary
concentrations, in parts per million (ppm).
A total of 120 larvae/150 ml of tap water
were placed in pint plastic cups for each
test group. Ground lab chow was added
daily at a rate of 25 mg/cup. Mirex solu-
tions were added to each cup with a o5
cc tuberculin syringe; 0.15 cc of each mirex
solution was added to each container to
obtain the desired concentration. Five in-
dividual tests were run with each test hav-
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ing 4 replicates per concentration. Dead
larvae and pupae were removed daily.
Equal numbers of larvae were placed in
cups as controls. Mortality was recorded
daily until all individuals of a cup were
extracted because of death or pupation.
Observed mortalities in treatment were
corrected for control mortality using Ab-
bott’s formula (Abbott, 1925) and the 2,
4, 8, 16 and 24-day LCso values and 95%,
confidence intervals (959 C.I.) were com-
puted by log probit analysis by Mississippi
State University computer center.

Surviving pupae of the previous test
were used to determine the percent emer-
gence. Five hundred pupae were subjected
to concentrations of 0.01 ppm, 0.005 ppm,
0.0025 ppm and o.0o1 ppm. One hundred
seventy-nine and 402 pupae were used per
1.0 and o.1 ppm, respectively. Mortality
counts were made daily until all had
emerged or the pupae died. The LCso
was calculated on 72-hour mortality data.
Surviving adults were then held for 23
days to observe for any behavioral abnor-
malities. Dead adults taken from cages
were observed under a stereomicroscope
for physical deformities.

The effect of mirex on the adult mos-
quitoes was also tested. Four mirex con-
centrations were prepared and added to
0%/, sucrose to give the desired final con-
centrations. The 4 concentrations used in
testing were 0.5 ppm, 0.1 ppm, 0.0I ppm
and o.001 ppm. Six cotton balls, each con-
taining 2.5 cc of the appropriate solution
were placed on top of each cage; the cot-
ton balls were changed daily. Each test
group was replicated 3 times with 100
adults/cage for each replicate; equal num-
bers of untreated adults were held as con-
trols. Mortality was recorded daily until
the test was terminated at 25 days. LCso
values were computed for the 4, 8, 12, 16
and 24-day intervals. Bloodmeals were
offered to the females on a weekly basis
and reproductive effects observed.

Progeny from the previous test were
used to determine the effect on the off-
spring of adults which had been subjected
to insecticide treatment. Mortality counts

were taken daily until all had died or had
pupated. LCsg values were computed at
2, 4, 8, 16 and 24-day intervals. Adulr
weights were taken to determine any dele-
terious effect on weight development.
Mirex solutions of 1.0 ppm, 0.1 ppm, 0.01
ppm, 0.005 ppm, 0.0025 ppm, and 0.001
ppm were used in treating 120 larvae/cup.
Within 12 hours after emergence the
weights of males and females were taken
separately. Ten mosquitoes were used per
weighing and average weight recorded.
Five replications were made for each con-
centration.

ResuLts anp Discussion. The results
obtained from mortality counts made daily
on larvae and pupae exposed to mirex
from the 1st instar through pupation
showed that mirex exposure consistently
exhibited >>80°%, mortality at 1.0 and o.1
ppm. A >>80°% mortality occurred at 1.0
ppm at the j-day post-treatment period;
however, >>80%, mortality for 0.1 ppm did
not occur until day 16. Furthermore, mor-
tality did not exceed 10%; in the o0.01, 0.005,
0.0025 and o.0o1 ppm levels up to 24 days
post-treatment.  Adults which emerged
from the pupae surviving exposure to
mirex at 0.001 to 0.01 ppm exhibited no
noticeable physical deformities. This dif-
fers from the findings of physical deform-
ities in vertebrates (fish and mice) by Van
Valin, et al. (1968) and Gaines and Kim-
brough (1970). Their studies which indi-
cated physical abnormalities in vertebrates
involved much higher dosages and longer
exposures than recommended for fire ant
control (Vaughn, 1971).

1.Cso values were computed at the 2,
4, 8, 16 and 24-day intervals (Table 1);
each time interval mortality count yielded
a significant regression. Results indicated
that a 3.4-fold difference in LCsp levels
occurred between days 2 and 4. Further-
more, fold differences between days 4 and
8 (1.95-fold), 8 and 16 (r.26-fold), and
16 and 24 (1.16-fold) decrcased as the
time interval increased.

"The percent emergence of surviving pu-
pae at 1.0 and 0.1 ppm from the previous
test differed significantly when compared
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TaBLE 1.—LCs values expressed in ppm mirex at
indicated day intervals for Adedes wriseriatus
larvae and pupae.

95% C.I.*
Time interval

(Days) LCs» TLower Upper Slope

2 0.489  0.229-1.546 1.22

4 0.142  0.,007—0.3%5 1.38

8 0.073 0.027-0.249 1.60

16 0.058 0.020-0.164 1.56

24 0.050 0.02I~0.145 1.48

? Confidence intervals at 95% probability.

to control percent emergence (Table 2).
The percent mortality of surviving pupae
was greater than 60%, at both the 1.0 and
o.1 ppm levels. However, the data indi-
cated that at 0.01 ppm and lower levels
the percent emergence was greater than
80%. Emergent adults (1.0 ppm and o.1
ppm) were very weak flyers; many could
only move about the cage by crawling. The
last males died on the 6th and 8th day
at 1.0 ppm and o.1 ppm levels, respectively.
The females lived longer; the last females
died on the r1th and 15th days at 1.0 ppm
and o.1 ppm levels, respectively. Two
blood meals were offered to the females
at the 2nd and gth days. Blood was taken
by the females of both 1.0 ppm and o.r
ppm at first blood meal, but blood was
taken by the females at the 0.1 ppm level
during the last feeding; no eggs were col-
lected from the females of 1.0 ppm and

TABLE 2.—Percent corrected mortality* and aver-
age percent emergence for adult dedes wiseriatus
when the larval and pupal stages had been
exposed to the indicated mirex
concentrations.

o.1 ppm. Eggs were collected from the
females exposed to lower concentrations.
The eggs were aged and stimulated to
hatch to check if embryonation had oc-
curred. Progeny were collected from eggs
of all the four concentrations. An LCyq
value of o.091 (0.024-3.475 (95% CI.))
was determined for pupae prior to
emergence.

Results indicated a nonsignificant regres-
sion on adulis exposed to mirex concen-
trations of 0.5, 0.1, o.or and 0.001 ppm
(Table 3). This was probably due to low
mortality obtained at all concentrations.
There was no percent corrected mortality
at the lowest level of exposure, and at the
highest level of exposure the percent cor-
rected mortality was less than 12. Thus,
mirex had no significant effects on the
adult population at levels used.

Progeny were collected from each test
group of the previous test and were sub-
jected to the same concentrations as the
parents (Table 4). Percent corrected mor-
tality was calculated and compared to that
for progeny of untreated parents. At the
0.5 ppm level the mortality of larvae from
the mirex treated parents was 78.1% and
85.25%, mortality for the larvae from un-
treated parents. A decrease was also show!
at the o.01 and o.r ppm concentration
levels. At the 0.001 ppm concentration the
percent corrected mortality had shown an
increase. Striped earwigs which had been
exposed to mirex over successive genera-
tions had shown resistance to occur (Gross
and Spink, 1969). These data taken on
the mosquito were for one generation.

TasLe 3.—Percent corrected mortality® for Aedes

Percent correcied Percent #riseriatus adults at the indicated concentrations
Concentration mortality emergence of mirex.
Control ..., 94.2 Percent corrected
0.o001 1.46 92.8 Concentration mortality
0.0025 5.64 88.8
0.005 9.39 85.2 Control
0.0X 14.61 80.2 0.001
0.1 69.42 30.2 0.01 2.2
1.0 63.82 35.8 0.1 7.2
0.5 IT.1

“ Corrected  mortality==observed mortality 72
hours after the pupae were placed in the adult
cage.

* Corrected mortalityz=—observed mortality at 25
days of exposure.
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Tapre 4.—Percent corrected mortality ™ of progeny
from mircx exposcd parents. Progeny was
subjected to the same concentrations as
the parcnts.

Percent corrected mortality

e
Concentration  Treated parents Untreated parents
Control  eeeee  wenen
0.001 3.31 2.50
0.0I 7.05 8.58
0.1 74.10 80.52
0.5 78.10 85.25

s o
* Corrected  mortality = observed mortality
through the larval and pupal stages.

Long-term studies over many successive
generations may yield data to suggest that
resistance would occur.

Adult weight of the males was fess in
all concentrations than the control (Table
5). The females had higher average
weights in all concentrations with the ex-
ception of 0.005 ppm than the control.
These data indicated that adult weight was
affected slightly, if at all. If any sex was
affected in a detrimental manner it was
the male of the species. The males seemed
to be weaker in all concentrations, espe-
cially 1.0 ppm and o.1 ppm than were
the males of the control group. Weakness
in flying of the females only was noticed
in adults which had been exposed to 1.0
ppm and 0.1 ppm.

The results observed from all  tests
showed that mirex would deplete 755, of
the larval populations at concentrations o
o.r ppm and above; but only 7.2% of the
adult population died at 0.1 ppim. This

Tasre 5—Adult weight of dedes triscriarus™
when the larvae and pupac had been cxposed
to the indicated mirex concentration.

Concentration Males Females
Control 1.09 1.96
0.001 1.02 2.02
0.0025 1.08 2.00
0.005 1.02 1.94
0.01 0.99 2.00
0.1 1.03 2.00
1.00 1.02 z2.06

study was in agreement with Muncy and
Oliver (1063) and Ludke, ef al. (1971)
who showed that adule crayfish appeared
ot to be affected by mirex while juveniles
of 2 species were found to be quite sensi-
tive. Thus, if mirex were magnified to
levels up to 0.1 ppm, deleterious effects on
mosquito populations would be expected.
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NOTICE

The “r971 Global Mosquito and Mosquito-Borne Disease Situation” by Helen Sollers-
Riedel is off the press. This Supplement to the New Jersey Mosquito Extermination
Proceedings contains 51 pages and is a review of the literature on mosquitoes for rg71.
The booklet is divided into sections on taxonomy and distribution; techniques; genetics;
behavior, biology and ecology; anatomy, morphology and ecology; arboviruses and
other vertebrate viruses; filariasis; malaria; yellow fever; adulticides and larvicides;
sterilization methods; biological control; resistance and susceptibility; attractants and
repellents. ‘The cost is just $2.50 U.S. It may be obtained from the N. J. Mosquito
Extermin. Assoc. Fund No. 25, P.O. Box 19009, Washington, D.C. 20036, USA.



