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LARVAL TREATMENTS
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Entomology Rescarch Division, Agric. Res. Serv., U.SD.A., Gainesville, Florida

The possibility of controlling mosqui-
oes with chemosterilants has been explored
w Weidhaas ¢z al. (1961) and Weidhaas
‘1062), who sterilized both adult and im-
nmature stages of mosquitoes in the lab-
sratory. laBrecque €7 al. (1962) demon-
strated that adult housc flies (Musca do-
mesticsr 1) can be controlled in the field
with chemosterilant bait formulations. Al
though mosquitoes can also be sterilized
by eating chemosterilant-treated food, no
satisfactory baits currently available have
adequate mosquito  attractancy. "Thus,
although it may be feasible to treat adult
mosquito populations in the field. treat-
ment of immature stages in breeding
waters might provide the most practical
approach.  The investigations reported
herein are part of a series of studies de-
signed to define and examine the possi-
bilities of chemosterilant treatment of
larval breeding waters.

MreTHobs. lLaboratory evaluations were
conducted with Aedes acgypti (L.) adults
exposed as larvae in water containing vari-
ous concentrations of tepa or apholate.!
Approximately 300 to 500 third instar
\arvae were placed in a liter of water in
enamel pudding pans, measuring I
inches in diameter, in a room maintained
at Bo®=4° F. and 70 percent 0 80 per-
ent relative humidity. No food was
arovided for 24 hours, but on the second
day of treatment 2 mixture of ground dog
‘heckers and yeast was added to the water
nedium, l.arvae were maintained in the

3 tepa:tris(l—aziridirwl) phosphine oxide.

apholate:z,:,4.4~6,6,—hexahydro—2,2,4,4,6,6.-
hexakis(l-aziridiny!)-1,3,5,2,4:0
triazatriphosphorine.

treated water until they pupated. Pupac
were transferred to untreated water and
placed in emergence cages. Less than 16
hours after eclosion, adults were 1mmo-
bilized in a cold room at 34° +2°F. and
the sexes were separated before mating
could occur.

Cross matings of untreated and treated
adults were performed to evaluate the ef-
fects of the treatments. The adults were
held in organdy-covered mating cages (9
in. high, 8 in. wide, and 11 in. long) for
3 to 5 days, after which the males were
temoved. During the mating period a
water-soaked cotton pad and a pad satur-
ated with a 20 percent honey solution were
available to the mosquitoes. At the end
of the mating period the females were al-
lowed to feed on guinea pigs to obtain the
blood meal necessary for oviposition, and
> days later their eggs were collected.

When evaluation of individual egg
bhatches desired, -each female was
placed in a jo-dram glass vial lined with .
flter paper and about one-half inch of
tapwater added to the vial. When indi-
vidual egg batches were not required, a
r00-ml. beaker, lined with filter paper and
containing about an inch of tapwater, was
placed in the cage for oviposition. The
eggs were allowed to embryonate and ma-
ture on the moist filter paper for 4 days
before being flooded for hatching. The
total number of eggs and resulting larvae
produced per fermale ‘were separately de-
termined in the tests with individual fe-
males; but in the mass evaluations, the
total number of eggs was estimated and
a sample of 100 to 200 eggs Wwas flooded
to determine hatchability.  Because each

was
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female generally oviposited at random
over the filter paper and not in one spot,
the egg sample represented a cross-scetion
of the total deposition.

In rhe preliminary tests, apholate and
tepa were prepared as 0.1 percent meth-
anol solutions and added to the rearing
water o give concentrations ranging {rom
5 to 25 parts per million (p.p.n.). In
addition to the treatments with the steril-
ant solutions added to the rearing water,
treatments with the sterilant apholate in-
corporated on or in granular or dJdust
diluents were evaluated.

For these treatments, ro-percent formu-
lations were prepared by coating No. 20
corncob  grits, vermiculite buifered with
ethylene glycol, and pyrophyilite with
methanol solutions of apholate. These
formulations, prepared in small lots, were
stirred until dry and sprinkled directdy
on the surface of the water in rcst pans
containing the larvae at the rates of 150,
oo, and 50 mg. to obtain 15, 10, and 3
p.p.n. of apholate. The formulations were
tested when fresh and after aging for
week at room temperature. In order to
determine the effectiveness of these formu-
lations. under Tess than optimum condi-
tions, 1 inch of soil from a local mosquito
breeding area was placed in some rearing
pans. The soil was saturated with tap-
water and a liter of rearing water added.
Procedures as described above for mass
¢gg evaluations were used to obtain rhe
percentage hatch.

In order o determine rhe stability of
tepa under field conditions, a pothole was
dug at the edge of an existing mosquito
breeding urea. After the water had per-
colated into the pothole, it was treated
with o.1 percent methanol solution to grve
a tepa concentration of 1o p.p.m. Third-
instar larvae were introduced and held for
72 hours and then a second group of
third instar larvae was introduced and
held for another 72 hours. A similar test
was run concurrently in fresh tapwater in
the laboratory,

The competitiveness of adult males ex-
posed to apholate solutions as larvae was
determined by combining equal numbers

VoL 24, No.

of untreated and treated males and |
males in mating cages. In the tests

10 p.pum.. 50 adults from o o 16 hou
old {rom ecach treatment category we
placed in a 17 x 30- x 37-inch screen cag
in the tests at 25 popun., 25 one-day-o
males of cach category were placed in
standard inaring cage and allowed
ortent themselves hefore the 25 virgin f
imales were introduced. Both treated an
untreated females were dusted with co
lored powders to facilitate identificatio
when combined in the same cage.

The eifect of multiple atngs on th
viability of egge from the untreated fc
inales was cvaluated. Individual female
were introduced into Mating cages con
@ining 5 or 6 males exposed to apholat
solutions  as larvae and observed unt
copulation had occurred. The female wa
then removed from the cage and after :
short interval was placed in a cage con
taining 5 or 6 unereated males, and ob
served. until mating had again occurred
The reciprocal sequence was run with un
treated males being the first inating part
ner and the treated males the second. The
eggs lrom these females were evaluated
for hatchability. Since the reliability of
these results was dependent upon the ob-
servers’ ability to differentiate herween
attempted and completed matings, pretest
trials were conducted to evaluate the »
curacy of the observadons. The presence
of sperm in the spermathecae of all females
judged to have compieted mating con-
firmed the accuracy of the mating observa
tions.

Resvrrs.  The effects of exposure o
10 p.p.n. ot apholate or tepa in the jarval
medium are shown in rable 1, series I,
Both compounds proved io be effective
male srerilants. The hatchability of egy
from treated females was reduced F

jron
the normal by 6o percent and 75 percent
with  apholate and  repa, respectively
When the treated females were mated
treated males, the hatch was 1 percent o,
less.  Although tepa consistently produced
greater sterility than apholate, at 10 p.p.m.
it reduced adult emergence somewhat. In
other tests with dnopheles guadrimacn-
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Tasnn §.——Fffcctivencss of apholate and tepa ap-
phed in the larval medmm as sterilants of
Aod

>z {2 replications).

Concentration
(p.p.m.?}
— Egg hatch

apholate  tepa Sox treated (%

Series I
1o .. Male 4
10 .. Female 37
3] .. Borh 1
Neither 8

\V
~I

10 Male

1o Femalc

10 Bath
Neither

vV
d %]
NO WD

Series II
o .- Both
2 Both
Both
10 Both
Neither >8

ARSIV, eNRV]

Say, 1o p.p.m. of tepa was highly
ic to larvac and reduced adult emer-
gence severely; but apholate caused litde
mortality. Combinations of apholate and
tepa at ‘total concentrations of 10 p.p.m. of
sterilant proved to be as effective as 1o
p.p.m. of apholate or tepa alone {table 1,
series 11D,

Tn the pothole treatments conducted in
the field with 1o p.p.m. of tepa, crosses of
males and females exposed for the first 72
hours resulted in an egg hatch of only
20 percent while those from the subse-
quent 52-hour exposure produced eggs
with a normal hatch of greater than 85
percent. The concurrent laboratory treat-

ment produced 7 percent and o percent
hatch for the first and second 72-hour
exposures, respectively. ‘Thus, under field
conditions the sterilant appeared to break
down or become unavailable quite rapidly.

Preliminary investigations with apholate
on corncob grits demonstrated that 15
p.p.m. of apholate was needed to obtain
the same degree of sterility produced by
1o p.p.m. in solution. Subsequent testing
with pyrophyllite, vermiculite, and corn-
cob grits as carriers was conducted with
15 p.p.m. of actual apholate. The results
are given in table 2. All the freshly pre-
pared formulations were effective when
used in clear water, but after aging for 1
week only the pyrophyllite formulations
were effective when applied to water con-
taining 1 inch of soil.

The results of the tests to determine
male competitiveness are shown in table
3. With both the 25- and 1o-p.p.m. treat-
ments, the treated males reduced the total
egg hatch by approximately 33 percent of
the normal. The expected reduction of
50 percent was not achieved, indicating
some loss of mating vigor at both levels of
treatment. Furthermore, the hatch in
individual egg batches was not what would
be expected. Since the treated males were
completely sterilized at the 25 p.p.m. level,
one would expect, theoretically, that 50
percent of the egg masses would be com-
pletely sterile in the competitive cross if
mating were unaffected by the treatment.
Even with the resulting 33 percent ster-
ility, one would expect approximately 30
percent of the egg masses to be completely

Tawis 2—Fflect of 10 percent formulations of apholate in the larval medium of dedes acgypt on
the viability of eggs from the ensuing adults (2 replications).

Percent hatch

In clear water

In water over soil

Concentranion Fresh Aged Fresh Aged
{p.pom.) Carricr formulation formulation formulation formulation
Vs Trvrophvllite 2 3 6° 4
15 Buffered vermiculite 5 4 1y 22
15 Corncob grits 2 36 21 ® 18
O e, >85 ..

® 3 replications.
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sterile. Tn actuality, only » percent to 14
percent were completely sterile, strongly
indicating thar multiple matings had oc-
curred.

The effects of such multiple matings
are shown in table 4. In those females
mated first with treated males and sub-
sequently with untreated males, no com-
pletely sterile egg masses resulted, and
the overall egg hatch was only 38 percent
less than that of the untreated cross. With
the reciprocal cross the overall hatch was
not diminished, and the distribution of
egy batches in the various hatch categories
was affected only to a slight degree. The
net effect was that the mixing of treated
and untreated sperm in normal females
mated first to treated males and then to
untreated males severely reduced the
effect of the treated mating. The mix-
ture of sperm when normal females were
first mated with untreated males and then
to treated males did not reduce the effect
of the first mating.

Drscusston. The use of alkylating
agents in the field on a broad-scale basis
must necessarily await a more thorough
knowledge of their effects on both plant
and animal life. The apparent short life
of these mutagens in nature is encourag-
ing, bur their acute and chronic effects
are not adequately understood. Thus,
their unrestricted use can only be con-
sidered as extremely hazardous at the
present time.

Many factors, however, must be weighed
in determining the potential effectiveness
of the direct application of chemosterilants
to mosquito breeding waters. Our data

demonstrated that it is feasible to obtain

A. aegypi males with a high degree of
sterility which are capable of competing
to some extent with untreated males. In-
terpretation of data in table 3 shows that
it individual A. aegypz females have op-
portunities to mate with both treated and
untreated males, the effectiveness of the
treated male is severely reduced regardless
of the sequence of the mating. Thus, field
applications might be effective if a high
proportion of the males in a given breed-

ing area were sterilized, and if there were
relatively few untreated males migrating
into the area. On the other hand, the
effectiveness of migrating sterilized males
would be seriously impeded in areas where
untreated males were present in any num-
ber.

Ic is pertinent to note that laboratory
investigations by Weidhaas and Schmidt
(1963) showed that the effectiveness of
A. aegypti males sterilized as adults by
feeding on apholate was apparently not
reduced either by multiple matings or
lack of competitiveness. It might be spec-
ulated that the larval treatment reduces
the ability of the male to satisfy the sperm
complement necessary for the female,
whercas males treated as adults are able
to satisfy this requirement. If such were
the case, one would expect a low propor-
tion of multiple matings following adult
treatments but a high proportion with
larval treatments.

For species not performing multiple
matings following larval treatments, this
approach might be especially useful re-
gardless of the migratory habits of the un-
treated males. ‘The treatment of breeding
waters, however, would require varying
approaches depending on the type of
breeding. Because of the apparent rapid
breakdown of the sterilant in natural en-
vironments, the water of continuous
breeders such as anopheline species would
require multiple applications to maintain
high enough - sterilant levels to cause
sterility. On the other hand, floodwater
mosquitoes, ¢.g., Aedes and Psorophora
species, might be successfully treated with
a single application at a timec when the
majority of the population reached the
third instar.

The sterilant dosages which have
proved successful in the laboratory are
extremely heavy in terms of field applica-
tions. 'The amount of actual sterilant
necessary in floodwater pools might range
between 10 and 30 pounds per acre, de-
pending on the depth of the water. One
can immediately perceive the imprac-
ticality of such heavy applications in the
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extended patterns which would be neces-
sary to obtain control or eradication in a
given area. Attempts to find larval steril-
ants which are effective at lower concen-
trations have been unsuccessful to date.
Summiary.  Apholate and tepa in solu-
tion were effective sexual sterilants of
Aedes aegypti (L.) larvae in the labora-
tory at 10 parts per million either alone
or in combination. Fifteen parts per mil-
lion of apholate coated on pyrophyllite
gave similar results, even when used over
soil. In the field, tepa solutions became
ineffective after 3 days. When in compe-
tition with untreated males, males treated
with apholate reduced the viability of
eggs from untreated females by approxi-
mately 66 percent of the theoretically

News Vor. 24, No. 1
expected reduction. Multiple matings
severely reduced the effectiveness of

individual sterile matings.
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FIELD BEHAVIOR OF SEXUALLY STERILE ANOPHELES
QUADRIMACULATUS MALES

DAVID A. DAME, DONALD B. WOODARD, HUGH R. FORD, anp DONALD E. WEIDHAAS'®
Entomology Research Division, Agric. Res. Serv., UU.S.D.A., Gainesville, Fla.

Field experiments on the use of sterile
males to control Anopheles quadrimacula-
fus Say were first attempted in 1959-60
at Lake Okeechobee and subsequently at
Lake Panasoffkee, Florida (Weidhaas ez
al., 1962). Although trials with radio-
sterilized males apparently failed to re-
duce the natural populations, they did
stimulate an awareness of the need for
increased knowledge of the biology of
quadrimacuiatus in relation to the sterili-

1 The authors express their appreciation to: Dr.
Carroll N, Smith, of this Division, for supervision
of the experiments; to Lt. Col. R. M, Altman, of
the U. S. Army, and Dr. G. A. Mount, and Mr.
W. M. Borah, of this Division, for assistance in
various segments of the field investigaton; to
Mr. E. Nottingharn and Mr. H. Rizer, of this
Division, who were rcsponsible for rearing the
colony inosquitoes; and to Mr. O. Marsh, who
donated the use of his private property for these
investigations.

zation approach. Dame and Schmidt
(1962) discussed the possible factors in-
fluencing the ability of sterile guadrima-
cularus inales to inseminate females in
the field. Rclease of sufficient numbers
of males to overwhelm the natural male
population, vigor of treated ales, male
sexual compatibility with females in the
natural population, and a knowledge of
the behavioral characteristics which guide
both sexes to potential mates are all pre-
requisites to the success of the sterile-imale
technique.

Since the termination of the 195960
sterile-male release programs, intensive
studies have been conducted in the Pana-
soffkee release area to gain insight on the
mating behavior, physiological age, and
natural fertility of the local quadrimacuin-
tus population. In conducting these in-

vestigations Woodard ¢z #/. (1962) de-



