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MOSQUITO LARVICIDE STUDIES WITH MON 585, 
A JUVENILE HORMONE -IIMIC IT, . - .,1- o,C:.,. .... , fr
 

W. L. JAKOB AND H. F. SCHOOF tin, 21,,l - .. , . '14'2 
The potential of synthetic compounds 

with juvenile hormone (il)-like activity 
as "third generation pesticides" (N illianms, 
t967) has been incstigated in laboratory 

studies with mosquito lar\ae (Jakob an 
Schoof, 1971 ) in which several synthetics 
were shown to be active against one or 
more cf four test species at o.1 ppm or 
less. The cotupottds \wcre characterized 
bv their inhibition or prevention of emer-
gence of adults, such as occurred in ear-
lierstudies with farnesol analogs and 
crude insect cxtracts against mosquito 
larvae (I.ewahlen, 1964, Spielnan and 
Williams, i166). 

Results obtained at the Technical I )evul-
.
olnment L.aboratories with MON 

a synthetic horulonomincetic coplloutd 
w\ith unique activity (Sacher, 197i), for 
larvae of six mosquito species are pr,-
sented. 

M.IsLt.xLS .xINIt LMLl'rtons.Technical 
M)N 585 contains onl' carbon, h drogen
,dud oxygen, and has the chetical strutc-
t re of 2,--i-bt ty-4-,o.d imet hvIben. 
zyI)lIhe ic. I)ata friot the manufactorer 
show that the compoulld has ittICte 

oral I.I)-5o of n111g. to Iemalei,9 kg. 
rats. Technical M)N 9895 was dissolved 
illt)5percent thalol and serially diluted 
so that the additiotn of I tl. of solttion to 
25o ill. ) effected tile desired test con-I I..( 
cctntraitiot. 1.\ etntulsi-lb. \I(iN 589,gal. 
liable conce'lttrate 
tests, was dilited 
into tile Illedilum, 

lt,,1thctIwiI 

(e.c.), used iii icertadill 
with I.(2) and piletted 

1i11it .abmat,,ric,,.I.,.i atrv Divr ion. lCnlci 
I 11'.ca, tontrol. Ihl.lth Scrniccs ind Mental 

iili A i , Sr16-.nlc atmcjsniPolicIt ctl, 
fUc. S. ,a.uinch,eI gia F"'I. 

'- ii lrf throiiigh the oml,y ,o"m4mmt,, 
I 11.111,1 , St. 1.11is. M,.confIined 

Use f trad'eniiiir, ti for ithilntiicatini t-
Iscsonlild chi s iI t Cullnliute ti i irormill-illt hv 

the I',dc hl Sec i:e or t'he U.S. 1),pjcrtmohulialth 
h iof Ih'.ithclucatl *icatin\V lfare. 

The procedures and criteria for LC- 9 5 
determinations have been outlined (Jakob 
and Schoof, 1971). All tests were begun 
with third instars. and the eff-ctiveness of 
the comtpound was based on the emer
gence of apparently "normal" adults in 
rlation to the number of larvae exposed.
 
In specitied instances the tap (well) H._O
 
available at the facility was replaced as
 
the larval ncdium by I percent salt H.-() 
or sewage treatment plant effluent. The 
specics tested \\-ere: .-Iedes aegypti (DDT
resistant). Citex pip/eus quinquefasciatus 
(I )l)T-odieldriul resistant). Culex tarsalis 

suIscCptiblc). .- edes taeniorhynchus (sts
cepltible), .lnophe/'s albianit;us (dieldri,i 
resistant) and Anopheles stephensi (si
cc1tible). All laboratory tests were con
dtcted at 76-8o' F, 4()-() percent R.k-. 
;mmnda 12:12-hour photoperiod. 

In special tests third and fourth instars 
w'ere exposed in treated tap I t. spe2 ) for 
cilic iIntcrvals, removed by straining onto 
n\1on tulle' \tshcid lightflv with clean 
tapl 1..) and placed in untreated 1-12C) 
for the remainder of their dcclopmnent 
cvcle. Insuch tests no food was provided 
spccimens exposed for 12 hours or less 
ttili the larvae had been transferred to 

the untreated I._,). Acti\ity or effective
less. as 'I IC-q5 determinations. \%Is 

based on the perccnt emergence of "nor
lial" adults. 

\ siintlated tield test was conducted 
out of-doors in55-gallon druls (contain
i.tg So gal. tap I1.( )). After conditioning 
for days the drums were treated with 

S1,.ttn, "Tl'iic.di Ik'iclNlMON 5,t5 e.c., so thot the addidiluted 
tititof lI till.of elotllsioll gave the dc
sired concetntration. The treatlent was 
horoughly distributed b\ stirring the 

ItledImtditu with a ,.'rforated p thlle. Fift\ 
third-instar C. p. uuqttlefasci,-tt.s were 

in a cage (approximlately z 
itches square x t4 inches feel)form ed 

b\ stretching nylon hose over a stainless 
steel framework. I)aily, a small amount 
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of larval food was provided, and living 
pupae were removed to paper cups for 
observation of subsequent emergence. Ef-
fectiveness of treatments was again based 
on the numbcr of "normal" adults 
emerged in relation to the number of 
larvae exposed. Water temperature dur-
ing the test period ranged from 72 to 
8z 0 F. At specified imervals thereafter 
aliquots (,oo mL. each) were removed 
from the drums, pooled according to 
treatment level and used as media in labo-
ratory tests with third instar C.p. quin-
quefasciatus. The larvae thus exposed 
were then processed as outlined for LC-
95 determinations. Activity of the treat-
ments is expressed in terms of percent 
mortality based on emergence of "normal" 
adults. 

In tests with Ae. taeniorhynchus, sam-
pies of Distichlis spp. sod (6 inches di-
ameter) were obtained from the field, 
placed in enamel pans, and flooded with 
1,500 ml. I percent salt H20. MON 585 
emulsion was jipetted into the medium 
to give ,e desired concentration. Fifty 
or 75 third instar Ae. taeniorhynchus 
were introduced into'each pan, fed daily, 
and allowed to complete development to 
adults. A nylon tulle covering over the 
pans prevented escape of the adults. Effec-
tiveness of treatments was based on emer-
gence of "normal" adults in relation to 
number of larvae exposed. 

REsULTS. The concentration Of MON 
585 required to produce at least 95 per-
cent mortality of mosquitoes eposed as 
third instars was: 

0.25 ppm-Ac, acgypti, A4.stephensi 
0.m 	 ppm-C. p. quinqueasciatus, C. tar-

sails, A. albimanus, Ae. tae-
niorhynchus 

C. p. quinquefasciatus was equally sen-
sitive whether the medium was tap H20 

or sewage effluent. Determinations with 
Ae. tacniorhynchus were conducted with 
1 percent salt H2 0 as the larval medium. 

Activity of MON 585 against all species 
was characterized by death of specimens 
shortly afterothe change from larva to 
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pupa. The unmelanized pupa character
istically found, and the anomalous pupa 
occasionally seen, are shown in Figure i. 
Thus, MON 585 is unique among hor. 
monomimetics in that development is 
interrupted at the fourth instar larva-pupa 
moult, whereas all other compounds 
tested to date (Jakob and Schoof, 1971) 
usually permitted apparently normal de
velopment to the pupal stage but inhibited 
adult emergence. 

Exposure of third instar l,irvae for 
specified intervals effected marked mor
tality in the two species tested (Table i). 
The number of adults was reduced too 
and 99 percent with exposure of C. p. 
quinquejasciatus to 0.25 ppm MON 585 
for 6 hours or to 0.5 ppm for 4 hours, 
respectively. Exposures to i.o ppm for 2 
hours gave comparable results whereas 
exposures of only i hour to this con
centration decreased the mortality to 84 
percent. Similar exposures with Ai. al
bimanus also produced marked mortality, 
but longer exposures and/or higher con
centrations were required with this species 
(e.g., 0.25 ppm for 24 hours or 0.5 ppm 
for 6 hours to cause greater than 9 per
cent mortality). Mortality from such cx
posures also was characterized by death of 
pupae shortly after casting of the last lar
val skin. The data suggest that the treat
ments had an irreversible, delayed lethal 
effect on the development of the im
mature. 

Studies in drums seeded with third in
star C. p. quinquefasciatus gave too per. 
cent mortalities at concentrations ranging 
from 0.25 to 2.5 ppm in turbid 1120 with 
rust on the sides of the drums. Mortal
ity in untreated drums (three replicates) 
aveillgcd it percent. Water samples taken 
from the drums io days after treatment 
with 0.25 ppm MON 585 prodtced' less 
than 70 percent mortalities of C. p. 
quinquelasciatus and A. albimanus. Mor
tality of these species in treatments (to 
days old) of 0.5 and 1.o ppin ranged fron 
89-98 percent. Water samples taken 38 
days after treatment with i.o and 2.5 ppm

° produced less than 30 and 5 percent mor
talities, respectively, of both species. How
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I ...	 \nor ulols pupa (above) and typical unrnctni',o nOw~v fornied Puxlm (Io r) of 
I zI/,1nU.Sobtlicd Irnil txpostre of third instars t s p m M)N 58,. 

cer, these tests were coidtuctetd in the that fourth illstars were generally more 
fall (f the yc ur:more rapid breakdown readil aflected than were younger lar
(uf M( )N 5,5 treatmen'ts may occur with %ae. The specific reason for these dif
higher temperat tires and lon ter iwriods fcrences was not investigated but may
of da ylight. help to explain variations inresults among

Effectiseness of M(IN 585 against .Ar. researchers using larsae in different stages
tbemorh 'nchtus in saline water over sod of development. The results from ex
salpIi es was obtained with cincentrations posure of C. p. quinuetas'lttt . to o.25 
of o.25 ppl. In two tests this dosage. Ipm for 2, 4 and 6 hours in this study 
from i, cc. formulation or as technical were lower than the mean values obtained
grade 	 in FT1()II solution, produced t~) Table i) iinother tests involving simi
percent mortality. A losa ge of (1.1 ppm lar exposures. Such data reflect the nor
effected a filean of 64 percent mor- realrange of sensitivity of larvicide tests,
tality. Control mortality averaged <5 particularly those which, of necessity, are 
percent. findcr these test contditions re- of pro!ongett duration.
inoval 	of dead and living pupae was not I)st tSSION. The data reported Indifeasible but the treatment was observed to cate that M()N 585. a synthetic hormon
cause death of newly emerged pupal forms, ouinetic compound, is highly effective 
activity tylpically seen and recorded in LC- against larvae of a number of mosquito
Q5 dleterminations with this material. Species. The expression of its effect-in-

I )iffcretces in response to NI()N 585 terrutption of metamorphosis at the larva
between instars of C. p. quinqueasittus, pupa moult-is unique among compounds
.At. argypti and .I. taniorhvnchus were tested to date. This type of activity was 
shown (Table 2) in studies with exposures obtained in laboratory tests with sewage
of specificd intervals. The data indicate treatment efiltuent. with i percent salt 
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TABLE z.-Mean percent mortality of mosquitoes from exposure of third instars to MON 585-treated 
water for specified periods of time.' 

Hours ExposedConcentration 
(ppm) 22 4 6 12 24 

C.p.quinquelasciatus 
0.1 .. 	 73 92(2) 95(2) 
0.25 	 io(a) 100(3) 99(3) 99(3)
87(3) 

0.5 44(3) 81(3) 99(3) 100(2) .. 100 
1.0 84(3) 96(3) 100(2) too .oo.
 

ETOH control .. 9 .. (5)
 

A.albimanus 
0.1 ...... 	 43 67 64 

o 

0.25 .. 40 37 77 5 100(2) 
0.5 17 58(2) 87(2) 92(2)
 
1.0 78(2) 85(a) 88(2) 100 ...
 

ETOH control .. 12 .. 11(3)
 

1	Mortality based on number of "normal" adults inrelation to the number of larvae exposed.
 

Where more than one test,
the number isindicated inparenthees.
 

H2O, and with turbid H2 0 in rusty tality of C. p. quinqueasciatts and A. 
55-gallon drums. The compound, at albimanus, respectively. Similarly, ex
LC-9 5 concentration, was nontoxic to posure of third instars of these species 

ithe larval stages tested, but studies t. for 4 or 6 hours to 05 ppm resilted in 
define such limits were not conducted. more than 90 percent mortality. A' .tough 

Although most studies involved con- the LC- 9 5 of MON 585 agaiinst both 
tinuous exposure of larvae in treated species was o.x ppm, C. p. quinqueaicia
water, MON 585 was also effective when tus was slightly more responsive to such 
larvae were exposed to relatively high exposures than was A. albimanus. Studies 
concentrations for limited periods. For comparing exposure of third and fourth in
example, exposure for 2 hours to i ppm stars of two species for varying intervals 
re-ulted in 96 percent and 85 percent mor- showed that mortality was consistently 

TABLE 2.-Percent mortality 1 of C. p. qidnqueascinlat, Ae. aegypti and Ae.taeniorhynchus following 
exposure of indicated to MON periods (iftime.instars 585 treatments for specified 

Ae.aegyphiC.p. quinq. 
Conc.-Exposure Third Fourth Third Fourth
 

o.25 ppm - 2 hr. 27 48 4 3 
- 4 hr. 58 78 4 i 
--6hr. 80 90 3 ' 26 
-2ahr. 97 Ion 1 65 

o

continuous 100 ton 9 o 

ETOH control - 6hr. 4 13 9 3 

Ae.laeniorhynchut 
Second Fourth 

o.5 ppm- 2hr. 71 83
 
-4 hr. 87 92
 
-6 hr. 99 97
 

1.o ppm- a hr. 64 87
 
- 4 hr. 88 in
 
-6 hr. 100 100
 

ETOH control - 6hr. 23 13
 

I Mortality based on number of "normal" adults in relation to the number nf larvae exposed. 

4,-,
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higher with the more mature larvae, 

l)ifferences in mortality between instars 

were 
less marked with C. p. quinqueasci-
atus than with .. e. aegypti. Mortality of 
fourth instar Ac'. taeniorhYnchus was nei-
ther consistently nor markedly higher than 
that of second instars. The effect of such 
limited exposures was expressed by the 
death of newly emerged pupae, the re-
sponse also typically obtained in contin-
uious exposure tests. Thus, MON 585 
appears to effect an irreversible, lethal 
interference or disruption cf a process
(or processes) controlling dcelopment of 
larvae to pupae. 

SUMMAisRY. Laboratory and simulated] 
field studies show that I()N 585, a svn*-
thetic juvenile hormoae mitmic, was ef-
fective against larvae of .- e'. acgvpti.P. qtumnqtue'/fasciztutt, c. ,lr.>lts . C.

iorh nchus. .-. a/bimnanus and .4. stcphc'nsi. 
Activity of the compound is expressed in 
death of newly formed IMuI:. ELxposurc
of third instars to relatively high concen-

tratiins for intervals of (, hours or less 
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similarly resulted in mortality at the lar
val-pupal moult. The compound did not 
cause any' larval mortality. 
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