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Farnesol 1 (3,7,11-trimethyl 2,6,10-duo-
decatriene-1-0l) and ziram * (zinc dimeth-
yldithiocarbamate) are purported to affect
insect hormonal systems. Wigglesworth
(1961) indicated thar the long chain al-
cohol, farnesol, had a juvenile-hormone-
like effect on the bug RhAodnius prolixus
Stal. Gredllat (1962) indicated that ziram
killed mosquito larvae by retarding or
preventing metamorphosis. This suggests
that ziram may be blocking or prevenung
the molting hormone (ecdysone) from
acting.

Studies on the effects of chemicals with
modes of acrion unrelated to present-day
insecticides appear to be in order, since
increasing numbers of cases of insecticide
resistance are being reported in. econom-
ically important species.

Mosquito larvae are well suited for
studies on the biological effects of chem-
icals. 'The use of mosquito larvae in in-
secticidal bioassays has been well  estab-
lished. The observed effects of farnesol
and ziram on Culex pipiens quz’nquefasd—
atus Say fourth instar larvae are reported
in this paper.

MaTERIALS AND METHODS. Farnesol and
ziram prepared as 1.0 percent wt/vol.
stock solutions were diluted serially with
acetone to obtain concentrations that when
added to water gave a final concentration
of from 0.05 to 10.0 p.p.m. of active ingre-
dient.

Twenty fourth instar larvae of C. p-
quinquc‘/usciutus were transferred to 100
ml. of distilled water in 2 four-ounce paper
cup for each treatment. The tests were
run in triplicate at each concentration;
three batches of larvae were used to obtain
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the averages indicated in the tables.
Treated larvae were held for 24 hours and
mortality observations were made at this
time. Additional observations of larval
mortakity were made at 48 and y2 hours.
After the first 24 hour period, surviving
larvae were fed high protein supplement
pellets: ¥ no food was available during the
first 24 hours of exposure.

Larvae were treated by pipetting, one
inl. of acetone solution at the desired. con-
centration into each cup. Controls (1 ml.
acetone,/ 100 il water ) were run with
cach set of treated larvae. Mortality in
the control was negligible over the ob-
servation period. Observations on larval
(nortality were made for 3 days; an addi-
gonal 3 days of observations were rmade
o pupation-delaying effects.  All tests
were made at 707 F.

ResuLrs. The results of tests conducted
with farnesol and ziram are shown
Tables 1 and 2. When fourth instar larvae
were treated with 10.0 p.pdn. of farnesol
or ziram, S0 percent o 100 percent mor
tality occurred in 24 hours. The use of
Jethality as a criterion, however, does not
necessarily indicate that mortality resulted
from hornmone-ike activity. This scems
especially true of farnesol, because if it is
acting as a hormone-like substance, it is
surprisingly toxic to mosquito larvae. A
oxic cfect on the pupal stage was also
noted with farnesol.

Lower dosages of farnesol and ziram
prolonged the tourth larval stadium. The
veriod  required for complete pupation
was increased an additional day by dos-
ages of farnesol ranging from o.1 {0 1.0
popni.  Ziram at 5.0 10 16.0 p.pdi. pro-
duced an even greater effect on prolong-
ing the fourth larval stadium; i one (ost,
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TasLe 1. —Effect of farnesal on 4th instar larvae of Culex piprens quinquefasciatus.

Days after

Larval mortahty
accumulative total on
day indicated for

Accumulative total
for percent pupation

Days after of surviving larvae

rreatment Conc. p.p.m.? each z4 hour period treatment on day indicated
TSt das Control
(24 hrs) (untreated) o 4th day 34
0.05 o 26
0.1 15 24
T. 45 7
and day Control o sth day 8K
0,05 3 7
0.1 25 by
1.0 70 61
3rd day Control o 6th day 100
0.05 b K2
0.1 2(7 7§‘
1.0 g 70

TAt ro.0 ppm. farnesol praduced 75—80  percent
Considerablc mortality of pupae also occurred wi

days after treatment).

TABLE 2.

Eftect of ziram on 4th instar larvae

mortality in 4th instar larvae by 24 hours.
en surviving larvac were allowed to pupate (3 to 4

of Culex pipiens gquinquefasciatus.

Larval mortality
accumulative total on

Accumulative total
for percent pupation

Davs atrer dav indicated for Days after of surviving larvae
treatment Conc, p.pom.™ each 24 hou- perind treatment on day indicated
st day Control
(24 hrs.) (untreated) [+ 4th day 60
0.5 o 45
I.0 5 30
5.0 6o 7
10.0 81 ..
2nd day Control o sth day 96
o.s o 57
1.0 5 62
5.0 63 38
16.0 100 ..
3rd day Control o 6th day 100
0.5 10 o8
1.0 16 o6
5.0 67 45
10.0 100 ..

“In onc test concentrations of 5.0 and 10.0 p:p-m. produced 6
respectively by 6 days after treatment.
but the surviving treated larvae were

pupation of these larvae,

At 8 davs after trearmen
still 4th instar,

5 and 85 percent mortality of larvae
ment the control had complerely pupated
An additional 5 davs were required for complerc
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surviving larvac tieated at 10.0 p.pin.
(85 percent mortality 24 hrs.) remained
in the larval stage for five days after con-
trol larvae had pupated.

Discussion.  According  to Karlson
(1962) metamorphosis o the adult stage
oceurs in insects when the titer of neo-
tenin (juvenile hormone) is low or ab-
sent, thus allowing ecdysone  (molting
hormone) to act alone. As long as a high
titer of neotenin remains with ccdysone,
immature characters are retained.

In the tests performed with mosquito
larvae, perhaps enough farnesol was ab-
sorbed by the larva to create 2 large
amount of ncotenin or neotenin-like sub-
stances in the presence of ecdysone for a
longer period than ordinarily occurs, thus
resulting in a delay of pupation.

The pupation-delaying effects of ziram
are brought about by interfering with the
normal process of metamorphosts.  This
compound may block or tic up ecdysone
and prevent it from acting although no
experimental cvidence to support this
thesis is presented in this paper.

The results obtained with farnesol and
ziram offer promise of an intriguing new
approach to the chemical control of in-

Mosouiro News 5

15

e

sects. Prolongation of the larval stage with
certain rapid-growing species of mosqui-
toes such as Aedes nigromaculis (Lud-
low) may be sufficient for temporary
sources of water to dry out, thus strand-
ing larvae and in this manner bringing
about control. The commercial possibili-
ties of farnesol or ziram as mosqguito con-
trol agents remain in question at this
point.

AcsnowLEpeMENTs.  The author ex-
tends his thanks to Mrs. P. A. Gillies for
making many of the tests with mosquito
larvae. This investigation was supported
in part by a PHUS research grant, Al
02875-04, from the Nariopal Institute of
Allergy and Infectious Diseases, National
Institutes of Health.

References Cited
GreTLLAT, S. 1962, Un molluscicide (zirame)
actif contre les formes larvaires de Cubicidac. Bull.
Wwid. Hith. Org. 26:67-74.

KarLsoN, P. 1962. On the chemistry and
mode of action of insect hormones. Gen. and
Comp. Endocrinol., Suppl. 1, PP. I-7-

WIGGLESWORTH, V. B. 1961. Some observa-
tions on the juvenile hormone effect of farnesol in
Rhodnius profixus Stal (Hemiptera). Jour. In-
sect Physiol. 7(1) 738,

UTAH

President

HENRY BECKSTEAD

301 So. Main St.

Midvale, Utah
Provo, Utah

MARCH 13, 14,

MOSQUITO ABATEM ENT ASSOCIATION

Sixty per cent of the people in
within the boundaries of organized mosquito abatement districts.
Vice-President
DR. D. ELDON BECK
Dept. of Biology
Brigham. Young University

SEVENTEENTH ANNUAL MEETING
1964 MIDVALE, UTAH

the state of Uiah are mow living

Sec.-Treas.

JAY E. GRAHAM

So. Salt Lake Co. M.ADD.
Midvale, Utah




