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LABORATORY EVALUATION OF 18 REPELLENT COMPOUNDS AS
OVPOSITION DETERRENTS OF AEDES ALBOPICTUS AND AS

LARVICIDES OF AEDES AEGYPTI, ANOPHELES QUADRIMACUIATUS,
AND CULEX QUINQUEFASCIATUS

RUI-DE XUE,I DONALD R. BARNARD' AND ARSHAD ALI,

ABSTRACT. Among l8 experimental skin repellent compounds tested at five concentrations in the laboratory

as oviposition deterren-ts against Aedes albopiitus, 12 compounds showed significant activity, -with- 
median

effective dose values ranginlg from 0.005 to 0.052Eo. The test compounds also were evaluated in the laboratory

as larvicides against lab-ora:tory-reared 4th instars of Aedes aegypti, Anopheles quadrimacukttus, und Culex

quinquefasciattt's with the same concentrations employed for the oviposition deterrency tests against Ae. albop'

ictus-.Lirvalmortality dataat24and48haftertreaimentindicatedthat12testrepellentscausedlarvalmortalities
in the range of 67 to TOOVa against An. quadrimaculaurs, l0 compounds induced 55-100Vo larval mortalities of

Ae. aegyp-ti, whereas larval niortality caused by 9 compounds ranged_from 74to IOOVo againstCx.. quinquefas-

ciatus. Tltese mortality data did noi fit th" linear model of the statistical analysis. However, multiway analysis

of variance of these data showed that the repellent compounds, concentrations used, species of mosquitoes, and

exposure times affect the degree of larval mortalities'

KEy WORDS Aedes albopictus, Aedes aegypti, Anopheles quadrimnculatus, Culex quinquefasciatus, exper-

imental insect repellents, antioviposition activity, larvicides, mosquito control

INTRODUCTION

During the past 6 decades, >25,000 natural and

synthetic compounds have been evaluated as repel-

lents against mosquitoes by the United States De-

partment of Agriculture (USDA 1947,1967; King

1954). Since 1964, Schreck et al. (1977) have

screened >2,800 new compounds as skin repellents

against mosquitoes and other arthropods at the

USDAs Center for Medical, Agricultural and Vet-

erinary Entomology (CMAVE) in Gainesville, FL.

Of these, several hundred compounds were effec-

tive in terms of repellency but for various reasons
could not be developed as skin repellents. In a re-

cent renewed interest in some of these compounds,
it was discovered that the insect repellent deet
(MN-diethyl-3-methylbenzamide) and 2 new ex-

perimental mosquito repellents (Al3-3722O and

413-35765) can deter oviposition of container-in-
habiting mosquitoes at rather low rates of applica-
tion (Xue et al. 20ola), and also have sustained
larvicidal effects against the early mosquito instars
for several weeks after treatment (Xue et al'
2001b). Because the criterion of toxicity level of a
repellent compound applicable to humans and ani-
mals is several-fold higher than that for the envi-
ronment, it would be advantageous to develop the

effective repellents as oviposition deterrents and

larvicides against the container-inhabiting and other
mosquitoes. Reported here is oviposition deterrency
of selected l8 compounds evaluated in the labora-

I United States Department of Agriculture, Agricultural

Research Service, Center for Medical Agricultural and
Veterinary Entomology, PO Box 14565, Gainesville, FL

32604.
2 University of Florida, Institute of Food and Agricu'l-

tural Sciences, Mid-Florida Research and Education Cen-

ter,2725 Binion Road, Apopka, FL 32703.

tory against Aedes albopict s (Skuse), and as lar-

viciaei of Aedes aegypti (L.), Anopheles quadri-

m(tculatus Say, and Culex quinquefosciatus Say'

MATERIALS AND METHODS

Mosquitoes: Laboratory-reared populations of

Ae. albopictus, Ae. aegypti, An. quadrimaculatus,

and Cx. quinquefascialzs maintained at the CMA-

VE were used for the various experiments. The lar-

vae and adult mosquitoes, as needed, were reared

by the methods of Gerberg et al. (1994). Gravid

female Ae. albopictus used in oviposition deterren-
cy tests were bloodfed on restricted 5- to 7-wk-old

chickens, whereas larvicidal tests were conducted

on eady 4th instars of the other 3 mosquito species.

Test repellenrs.' Eighteen repellents were select-

ed for evaluation from the several hundred com-
pounds previously tested as skin repellents
(Schreck et al. 1977). The selection criteria for

these compounds were the availability at the CMA-

VE, chemical composition, and a class 3 or higher

skin repellency rating againstAe. aegypti in the lab-

oratory (King 1954). Chemical composition and the
code number designated by the USDA to each test
compound are given in Table 1.

Antioviposition tests: Five serially diluted concen-

trations (0.1, 0.01, 0.001, 0.0001, and 0-0OOO17o) of

each compound in acetone were made and added
to water in ovitraps for testing. Five black plastic

containers (500-ml capacity), each containing 100
ml of well watet were used to separately hold each
concentration of a compound. For treatment, 1 ml

each of the serial dilutions of a compound was add-
ed to each of the 5 containers and L container re-

ceiving only 1 ml of acetone was used as a control.
As a surface for oviposition, a sheet of white filter
paper (24 cm long and 8 cm wide) was placed in
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Table l. Chemical name and code number designated by the United States Department of Agriculture (USDA) to
the repellent compoundsr tested against mosquitoes in the laboratory.

Compound
code Chemical name

Ar3-262
Ar3-14823
AI3-54995
AI3-55004
AI3-55007
Ar3-55046
AI3-55051
Ar3-55054
AI3-55061
Ar3-55062
Ar3-5s053
AI3-55120
Ar3-55127
AI3-61455
Ar3-63244
Ar3-63333
Ar3-64210
Ar3-70620

Dimethyl phthalate
2-(2-Butoxyethoxy) ethylester carbamic acid
N-Ethyl, N-isopropyl-2-thiophenecarboxamide
N-Methyl, N-(2-methylpropyl)-3 -cyclohexenecarboxamide

N-Methy1, N-(2-methylpropyl)-2-thiophenecarboxamide
N- ( 1 -Methylpyrrole-2-carbonyl)-diethylamine

3-Methyl, M N-diethyl-2-thiophenecarboxamide
3-Methyl, N-ethyl, N-methyl-2-thiophenecarboxamide
I -((2-Methyl-furan-3 -furan) carbonyl)-azepine
2,3,6-Trihydro, I -((2-methyl-3-furyl) carbonyl)-pyridine
2-Methyl, N-isobutyl, N-methyl-3-furanecarboxamide
N-Ethyl-N-(3 -methoxypropyl)-cyclopropanecarboxamide

I -(3-Furancarbonyl)-2-methyl-piperidine

N, N',N' -Methylidynetris-formamide

I - (2,2,3,3,3 -P entafl uoro- 1 -oxypropyl)-pyrrolidine

N-(3-(Dimethyl amino) propyl-2,2,3,3,4,44,4-heptaflioro-batanamide
Hexahydro-alpha-methyl- 1 I/-Azepineethanol
N, N-Diethyl-3-furancarboxamide

tAll compounds excePt for A13-262 were available at the USDAs Center for Medical, Agricultural md Veterinary Entomology,
Gainesville, FL. Samples of A13-262 were obtained from Aldrich Chemical Company, Inc. (Milwaukee, WI).

each container with the lower end of the paper just
touching the water surface. A total of 18 containers
were used to test 3 compounds simultaneously
against gravid female Ae. albopictus each time.
Each container was placed in a separate mosquito
cage (45 X 38 X 38 cm) along with a cup contain-
rng IOVo sugar solution as diet for mosquitoes. Fif-
teen gravid female Ae. albopictus were transferred
to each cage for oviposition and the cages were
maintained at 24 -r l'C and 14:10 h light:dark
cycle. After 24 h, tl;le filter paper ovistrip from each
container was removed and dried at room temper-
ature, and the number of attached eggs was counted
and recorded. Any eggs in the water in each con-
tainer also were counted and recorded. Each com-
pound was tested against ovipositing Ae. albopictus
on 3 different occasions.

Larvicide /esls.' For larvicidal tests, 5 serial di-
lutions (0. 1, 0.01, 0.001, 0.000 1, and 0.00001 7o) of
each compound in acetone were made. Tests were
conducted with l2o-ml-capacity disposable plastic
cups, each containing 100 ml of well water. Ttventy
early 4th instars of a mosquito species were trans-
ferred to each cup. For treatment, 1 ml of each of
the serially diluted concentrations of a test com-
pound was added to a series of 5 cups, and a cup
containing 2O larvae in 100 ml of well water and
receiving only I ml of acetone was maintained as
a control. Each time a total of 18 cups was utilized
to test 3 compounds simultaneously against I mos-
quito species. The larvae in treated and control cups
were not fed after treatment. Larval mortality was
scored after 24 and 48 h of exposure. All 18 com-
pounds were tested against each mosquito species
on 3 different occasions at 24 + l'C and a 14:10
h light : dark cycle.

Data analysis.' A 3 X 5 factorial split-plot ex-
perimental design (Steel and Torrie 1980) was used
to examine antioviposition activity of the test com-
pounds against Ae. albopictu,s. Factor 1 consisted
of the 3 compounds tested simultaneously each
time and factor 2 was 5 application concentrations
(0.1, 0.01, 0.001, 0.0001, and 0.00O0lVo) of each
compound. For larvicidal activity, a 3 X 3 X 5 X
2 factorial split-plot design was employed for each
mosquito species. Factor I consisted of 3 treatment
materials used simultaneously (total 18 materials),
factor 2 was larvae of 3 mosquito species, factor 3
was the 5 application concentrations of each ma-
terial, and factor 4 was 2 exposure times (24 and
48 h) of each species to the test materials. A com-
puter-based probit analysis (Finney 1971) was used
to obtain the median effective dose of each material
to repel 507o (EDro) of ovipositing Ae. albopictus.
Because the oviposition deterrence and the larval
mortality data did not fit the linear model, a mul-
tiway analysis of variance (ANOVA) test was sep-
arately performed on oviposition deterrence data of
Ae. albopictu,s, and on larval mortality data of the
other 3 mosquito species with the Tiue Epistat com-
puter program (Gustafson 1989).

RESULTS

The EDro values of 12 of the 18 repellent com-
pounds effective against ovipositing Ae. albopictus
are shown in Table 2; data for the remaining 6 com-
pounds with little oviposition repellency are not in-
cluded in the table. However, information on mean
number of eggs laid per female at various concen-
trations of each repellent compound and in controls
is presented in Table 3. Among the tested com-
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Ar3-262
At3-54995
AI3-55004
AI3-55007
AI3-55051
Ar3-55054
AI3-55061
AI3-55062
AI3-55063
AI3-61455
Ar3-64210
Ar3-70620

0.017
0.008
0 .015
0.019
o.027
0.007
o.o32
0.020
0.005
o.osz
0.045
0.050

Table 2. Median effective dose (EDr) and 95Va

confidence limits of insect repellent compounds tested as

oviposition repellents against a laboratory population of

Aedes alboqictus.'

Compound
code EED,o (Vo) 95Vo confldence limits

significant difference between these values. Over-
all, a significant difference was found between ovi-
position repellency of the test repellents (F :

6.O71; dt : 17,85;' P < 0.001) as well as repellent

concentrations, compared with the means of the

control (F : 54.305; df :  5,85; P < 0.001).
Larval mortality of An. quadrimaculatus induced

by 12 of the 18 test repellents is summarized in

Table 4. Ten of the 12 significantly effective com-
pounds (compared to controls) at 24 h after treat-
ment induced apparently increasing levels (>4-

5Vo) of larval mortal i ty at O.Ol and O.lVo
concentrations, and at 0.001, 0.01, arrd O.7Eo con-

centrations at 48 h after treatment. Among the ef-
fective compounds, O.lVo concentrations of AI3-

54995. AI3-55051. 413-55054, and 413-55061

caused lOOTo morlality of 4th-instar An. quadri-

maculatus at 24 h of exposure; at 48 h of exposure,
,4.13-55063 and A13-64210 also caused IOOTa latval
mortality of this species. The most effective com-
pound was ,4.13-55061 because, unlike all other test
repellents, a concentration of O.O7Vo of this repel-
lent induced 85 and 92Vo larval mortalities at 24-
and 48-h exposures, respectively. Multiway ANO-
VA revealed that the acute toxicity to larval An.
quadrimacularzs significantly differed between the
repellent compounds (F : 9.995; df : 11,55; P <

0.001), repellent concentrations (F : 529.9291' df
:5,55; P < 0.001), and the 2 exposure t imes (F
:  22 .816:  d f  :  1 ,55 ;  P  <  0 .001) .

Against Ae. aegypti, l0 repellent compounds
were significantly effective compared to controls
among the 18 compounds tested (Table 5). Com-
pound ,{13-55061 was the most effective, inducing
IOOVo larval mortality (24 h after treatment) at

0.006-{.065
0.002-0.018
0.006-0.031
0.009--0.038
0.015-o.050
o.oo2-o.o24
0.01il.062
0.007- 0.046
0.002-0.013
o.0234.223
0.017--0.289
0.014-1 .490

'  Compounds AI3-14823, 413-55046, AI3-55120, A13-55127,

A13-63244, and .4.13-63333 did not show much ovipositional re-

pellency against Ae. albopittus and so data was not included in

this table.

pounds, 413-55063, 413-55054, and 413-54995
were the most effective and exhibited similar levels
of deterrency to ovipositing Ae. albopictus with
ED.u values of 0.005, 0.007, and O.OO87o, respec-
tively. Next in activity were compounds AI3-
55004. A13-262. A13-55007, and ,{13-55062 with
ED.n values of 0.015, 0.017, 0.019, and O.O2OVo,
respectively. No signiflcant difference was found
between these values. The repellents AI3-5505 I
(ED.u : O.O27Vo) and 413-55061 (EDso : O.O32Vo)
showed similar repellency, whereas ED.o values of
A13-64210, A13-70620, and 4.13-61455 amounted
to 0.045, 0.050, and O.O52Vo, respectively, with no

Table 3. Mean number (+SE) of eggs per female Aedes albopictus laid in diff'erent concenffations of insect

repellent compounds in the laboratory.

Concentration'� (7o)
Com-

poundsr Control 0.00001 0.0001 0.001 0.01 0.1

3 5 1 : 4  l O + 2
5 2 + 1 1  2 2 + 4
2 7 ! l  2 + l
3 2 + 3  4 + 3
4 9 + 5  3 + 1
4 l + 1 6  3 2 + 1 7
4 4 + 3  2 + l
2 3 + 8  6 + 4

7 + " 1  5 + 2
4 1 ! 7 2  7 + 3
2 0 + 1  2 + l
4 0 . 1  3 9 + 9
2 9 + 7  l 7 + 8
3 ' 7 + 6  1 4 + 5
3 7  ! 3  2 6 +  |
4 3 ! t O  2 6 + 9
4 3 ! 2  1 9 + 1 2
4 2 + 1 3  1 6 + 2

5 1 + 4  4 7 + l  4 7 t 3  4 4 + 3
5 0 + 7  5 2 + 8  4 4 ! 6  4 1 + 7 1
4 6 + 1 1  3 7 + 6  3 4 ! 5  3 5 + 2
4 7 + 6  4 5 + 2  4 1 + 2  4 4 + 5
6 4 + 3  6 0 + 1  5 9 + 1  5 8 + 2
5 0 + 5  5 l + 5  5 6 + 6  4 9 + 9
5 0 + 4  5 0 + 2  6 0 J 9  5 9 a 8
4 l + 8  4 0 + 6  4 l + 8  2 7 + 4
3 6 + 5  3 7 + 8  3 7 + 7  3 4 ! 7
5 4 + 3  5 2 + 5  5 3 t 7  4 5 + 8
4 0 + 1  3 6 + 7  3 5 + 7  3 5 + 6
4 4 + 9  4 4 + 8  4 2 + 1 5  4 2 + 8
3 5 + l l  4 3 + 1 2  4 2 + 5  4 8 + 7
3 9 + 8  3 6 + 4  4 4 + 6  3 7 ! 6
3 7 + 2  3 6 + 4  5 3 + 1 2  4 O + 2
4 5 + 7  5 2 + 6  5 0 + 3  4 4 + 5
5 3 + 8  5 8  1 8  5 9 + l  

' 1 4 + 9

4 3 + 1 2  3 8 + 2  4 0 + 6  3 3 1 : 5

At3-262
Ar3-14823
AI3-5499s
AI3-55004
AI3-55007
Ar3-55046
Ar3-55051
AI3-55054
AI3-55061
AI3-55062
A13-55063
AI3-55120
At3-55r27
AI3-61455
At3-63244
Ar3-63333
Ar3-64210
At3-70620

I  F = 6.071;  df  -  17,85;  P < 0.001.
' �F = 54.2O5' ,  df  :5,85;  P < 0.001.
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Table 4. Larval mortality of laboratory-reared early 4th-stage Anopheles quadrimaculatu^r exposed for 24- and 4g-h
periods in the laboratory to selected experimental insect repellent compounds at 5 concentrations of each compound.

24- and 48-h mean Vo (XSE) mortality at concenftation2 (qo)Com-
pounds' Control 0.00001 0.0001 0.001 0.01 0 . 1

Ar3-54995
Ar3-55007
AI3-55046
AI3-55051
AI3-55054
AI3-5506r
AI3-55062
Ar3-55063
At3-55127
AI3-61455
Ar3-64210
Ar3-70620

Ar3-54995
Ar3-55007
AI3-55M6
Ar3-55051
Ar3-55054
AI3-55061
Ar3-55062
Ar3-55063
Ar3-55127
413-61455
At3-6421O
AI3-t0620

1 0 0 + 0
3 7 + 2 8
1 0 + 4

1 0 0 + 0
1 0 0 + 0
1 0 0 + 0
3 7 + 3 1
7 9 + 1 3
7 0 + 2 1
3 2 + 2 8
9 5 + 7
9 5 + 7

7 + 6
5 + 0
0 + 0
4 + 5
5 + 4

8 5 + 1 4
4 + 3
9 + 9

1 0 + 4
7 + 7 0
5 + 4
z = 5

0 + 0  4 + 3  4 + 5  4 + 5
2 + 3  0 + 0  0 + 0  2 + 3
0 + 0  0 + 0  0 + 0  0 + 0
0 + 0  0 + 0  2 + 3  2 + 3
0 + 0  0 + 0  2 + 3  2 + 3
0 + 0  0 + 0  0 + 0  4 + 5
0 + 0  2 + 3  2 + 3  0 + 0
0 + 0  0 + 0  0 + 0  0 + 0
2 + 3  2 + 3  2 + 3  2 + 3
0 + 0  2 + 3  0 + 0  0 + 0
0 + 0  2 + 3  5 + 4  4 + 5
0 + 0  2 + 3  2 + 3  2 + 3

1 0 0 + 0
6 0 + 3 4
8 0 + 7

1 0 0 + 0
1 0 0 + 0
1 0 0 + o
9 2 +  1 2

1 0 0 + 0
8 7  +  l l
6 7 + 7 3

1 0 0 + 0
9 7 + 5

1 2 + 9
9 + 5
9 + 9
5 + 4
9 + 5

9 2 + 1 2
1 5 + 7
1 4 + 6
1 4 + 5
1 4 + 9
1 5 + 0
l 0 + 8

2 + 3  5 + 4  4 + 5  5 + 7
2 + 3  4 + 2  4 + 2  4 + 2
0 + 0  0 + 0  l + 3  7 + 6
0 + 0  0 + 0  5 + 0  4 + 2
4 + 3  2 + 3  5 + 4  5 + 4
0 + 0  0 + 0  0 + 0  g + 3
2 + 3  5 + 0  5 + 4  5 + 0
0 + 0  2 + 3  0 + 0  0 + 0
2 + 3  2 + 3  2 + 3  5 + 4
5 + 0  5 + 4  2 + 3  ' 7 + 3

0 + 0  2 + 3  5 + 4  4 + 5
0 + 0  2 + 3  2 + 3  5 + 4

24 h3

48 h3

' Compounds A13-262, A13-14823, A13-55004, AI3-55120, A13-63244, and A13-63333 did not show significmt toxicity at rhe con-
centrations used, so data is not provided. For compounds shown: F = 9.9951' df = 11,55; p < 0.001.

' F = 529.929: df : 5.55: P < 0.001.
3F :22.816;  df  :  1,55;  P < 0.001.

O.OlVo concentration. A concentration of O.lVo of
413-55051 also caused IOOVo larval mortality of
larval Ae. aegypti at 24 h after treatment, whereas
the larval mortalities induced by the remaining 8
effective compounds at the highest test concentra-
tion of O.IVo ranged between 2OVo (A13-55046) and
99Vo (A13-54995) 24 h after treatment. At 48 h after
treatment, AI3 -55062 caused IOOVo larv al mortality
of Ae. aegypf/, whereas all other effective com-
pounds (except for ,4.13-55007 and A13-55046)
gave 9O-99Vo larval mortalities of this mosquito
(Table 5). Significant differences were found be-
tween activity of the test repellents (F : 30.078; df
: 9,45; P < 0.001), repellent concentrations (F :
1,135.664; df :  5,45; P < 0.001), and the 2 ex-
posure t imes (F : 5.494; df :  1,45; P < 0.05).

Larvae of Cx. quinquefasciatus showed signifi-
cant mortality response to 9 of the l8 repellents
tested (Table 6). A concentration of O.OOlVo of AI3-
55061 was highly effective, giving 99Vo larval mor-
tality at 24 h after treatment. The other 8 effective
compounds showed significant activity at O.lVo
concentration, with 5 compounds (413-54995, AI3-
55051, 4.13-55061, A13-55063, and 413-7O620)
yielding IOOTo larval mortality of Cx. quinquefas-
ciatus after 24 h of treatment. At 48 h after treat-

ment, 413-55054 and AI3-55I27 also caused com-
plete larval mortality of this species. The acute
toxicity of the test repellents was significantly dif-
ferent between the effective test repellents (F :
41.399; df : 8,40; P < 0.001), repellent concen-
trations (F : 575.702; df : 5,4O; P < 0.001), and
exposure times (F : 6.8L7;' df : 1,40; P < 0.05)
used in these tests.

A multiway ANOVA of the entire mortality data
of larvae of the 3 mosquito species showed signif-
icant differences among the activity of the test re-
pel lents (F : 44.632; df :  17,27O: P < 0.001),
repellent concentrations (F : 867.553; df : 5,27O;
P < 0.001), response of different species (F =
66.412; df = 2,27O; P < 0.001), and exposure times
(F :  55 .115;  d f  :  1 ,270:  P  <  0 .001) .  A lso ,  s ig -
nificant interactions were found between repellent
compounds and treatment rates, and repellent com-
pounds and species of mosquito, but the interaction
between repellent compounds and exposure times
was not significant.

DISCUSSION

Mosquito oviposition repellency attributed to or-
ganic insecticides, such as temephos and chlorpyr-
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Table 5. Larval mortality of laboratory-reared early 4th-stage Aedes aegypti exposed for 24- and 48-h periods in

the laboratory to selected experimental insect repellent compounds at 5 concentrations of each compound-

24- and 48-h mean vo 1+59, mortality at concentration2 (7o)
Com-

pounds' Control 0.00001 0.0001 0.001 0.01 0.1

9 9 + 3
5 0  +  1 l
2 0 + 8

1 0 0 + 0
9 5 + 7

1 0 0 + 0
6 0 t 1 7
9 7 + 3
8 0 r 1 8
9 0 + 4

9 9 + 3
5 9  t  1 1
5 5 + 1 2

t 0 0 t 0
9 5 + 7

1 0 0 + 0
1 0 0 + 0
9 7 + 3
9 0 1 1 1
9 5 + 7

0 + 0
0 t o
0 + 0
0 t 0
0 t 0

t 0 0 + 0
0 + 0
2 + 3
0 a 0
o + o

2 + 3  5 ! 4  0 + 0  0 t 0
0 + 0  0 + 0  0 + 0  2 + 3
2 + 3  0 i 0  0 + 0  0 + 0
0 + 0  0 + 0  0 + 0  0 + 0
0 + 0  0 + 0  0 + 0  0 + 0
0 + 0  0 + 0  0 + 0  0 + 0
0 + 0  2 + 3  0 + 0  0 + 0
0 + 0  0 + 0  0 + 0  0 + 0
0 + 0  0 + 0  0 + 0  0 + 0
2 + 3  0 + 0  4 + 5  2 + 3

o + 0
0 t 0
0 : 1  0
0 a 0
5 ! 7

1 0 0 : r  0
0 r 0
2 + 3
2 ! 3
0 t 0

0 + 0  2 + 3
0 + 0  2 + 3
0 + 0  0 + 0
0 + 0  0 + 0
0 + 0  2 + 3
0 + 0  0 + 0
0 + 0  0 + 0
2 + 3  0 + 0
0 + 0  0 t 0
4 + 5  2 + 3

) + 7  5 + 4

2 + 3  2 + 3
2 + 3  0 + 0
0 + 0  0 + 0
0 + 0  0 + 0
0 r 0  0 + 0
0 + 0  2 + 3
2 + 3  0 + o
0 + 0  0 + 0
2 + 3  0 t 0

24 h3

48 hl

Ar3-54995
Ar3-55007
AI3-55046
AI3-55051
AI3-55054
At3-55061
Ar3-55062
Ar3-55063
A13-55127
Al3-'t0620

Ar3-54995
Ar3-55007
Ar3-55046
Ar3-55051
Ar3-55054
AI3-55061
Ar3-55062
Ar3-55063
Ar3-55127
At3-70620

rcompounds At3-262, A13-14823, 413-55004, ,\13-55120, 4,13-61455, A13-63244, 413-63333, and 413-64210 did not show signif-

icant toiicity at the concentration used so data is not presented. For compounds shown: F : 30 078; df = 9,451 P < 0.00,l -
,F : 1135.664: df = 5,45; P < 0.001.
3F :  5.492:  df :  1.45:  P < 0.05.

Table 6. Larval mortality of laboratory-reared early 4th-stage Culex quinquefasciatus exposed for 24- and 48-h

p".t"dr t" th" tab"rd

24- and 48-h mean Vo (+59, mortality at concentration2 (qo)
Com-

poundsr Control 0.00001 0.0001 0.01 0.10.001

I 0 0 + 0
7 2 + 1 9

1 0 0 + 0
9 9 + 3

1 0 0 + 0
4 5 + 3 7

1 0 0 + o
5 9 + 3 1

1 0 0 + 0

2 + 3
2 + 3

2 4 +  1 9
4 + 3

1 0 0 + 0
0 r 0
2 + 3
0 t 0
2 + 3

0 + 0
0 + 0
2 + 3
0 + 0

9 9 ! 3
0 + o
0 + o
0 + 0
2 + 3

0 + 0  0 + 0  0 + 0
0 + 0  0 + 0  2 + 3
0 + 0  0 + 0  2 + 3
0 + 0  0 + 0  0 + 0
0 + 0  0 + 0  0 + 0
0 + 0  0 + o  0 + 0
0 + 0  0 + 0  0 + 0
0 + 0  0 + 0  0 + 0
0 + 0  0 + o  4 + 3

1 0 0 + 0
7 4 + 2 1

1 0 0 + 0
1 0 0 + 0
1 0 0 + 0
7 4 + 3

1 0 0 + o
1 0 0 + 0
l o o + 0

9 + 9
2 + 3

3 5 ! 2 1
1 4 + 1 3

t 0 0 + 0
0 + 0
7 + 3
9 r 5
9 ! 9

0 + 0  0 + 0  4 + 5  2 + 3
0 + 0  0 + 0  2 + 3  0 + 0
0 + 0  0 + 0  2 + 3  4 + 3
0 + 0  0 + o  0 + 0  0 + 0
0 + 0  2 + 3  4 + 3  1 0 0 + 0
0 + 0  0 + o  0 t 0  0 + 0
0 + 0  2 + 3  2 + 3  0 + 0
0 + 0  o + 0  2 + 3  4 + 3
0 + 0  2 + 3  4 + 3  2 + 3

24 h3

48 h3

Ar3-54995
AI3-55007
Ar3-55051
Ar3-55054
AI3-5506r
Ar3-55062
Ar3-55063
Ar3-55127
At3-70620

Ar3-54995
AI3-55007
Ar3-55051
AI3-55054
Ar3-55061
Ar3-55062
Ar3-55063
At3-55127
Ar3-70620

ICompounds A13-262, AI3-14823, AI3-550O4, AI3-55(X6, Al3-5512O, 413-61455, A13-63244, 413-63333' md ,{13-6421O did not
show significant toxicity at the concentration used so data is not presented. For compounds shown: F = 41.39:' df = 8,4O; P < 0-001.

, F : 575.7O2: df = 5,40; P < 0.001.
3F :  6.817:  df  = 1,40;  p < 0.05.
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ifos, has been reported previously (Mather and
DeFoliart 1983). Earlier, Moore (1977) reporred
that mosquito oviposition sites such as cans and
tires when treated with organic insecticides for lar-
viciding also maintained reduced levels of the lar-
val populations, due in part to the oviposition
avoidance of treated containers by gravid female
mosquitoes.

Regarding the antioviposition activity of insect
repellents against mosquitoes, Bar-Zeev and Den-
Tamar (1968) reported on the ovipositional repel-
lency of deet and other repellents to Ae. aegypti.
Although Bentley and Day (1989), in their review
of mosquito oviposition ecology, mentioned the re-
pellency of certain insecticides and other natural
products that deter oviposition, they did not refer
to any reports of laboratory or field studies of top-
ical insect repellents as mosquito oviposition deter-
rents. Zebrtz (1984) and Mohsen et al. (1995) re-
ported antiovipositional and larvicidal activity of
plant extracts against mosquitoes. Recently, Xue et
al. (2001a) showed that the skin repellents deet and
2 experimental compounds (A13-37220 and AI3-
35765) were effective oviposition deterrents against
Ae. albopictus in the laboratory as well as in a va-
riety of field situations. The same 3 repellents also
were potent larvicides of Ae. albopictus and Anoph-
eles albimanus Wied. in the laboratory or field, and
provided sustained reduction of larvae for several
weeks after treatment (Xue et al. 2OOlb).

The present study provides information on ad-
ditional experimental skin repellent compounds
against mosquitoes that disrupt the behavioral ovi-
position response as well as act as mosquito larvi-
cides. Compounds such as 413-54995, AI3-55051,
413-55054, 413-55061, A13-55062, A13-55063,
A13-55127, A13-64210, and 413-70620 possess
mosquito ovipositional deterrency or mosquito lar-
vicidal properties similar to those of deet, AI3-
37220, and 413-35765 reported earlier by Xue er
a l .  (2001a,2O0lb) .

The results of the present study show that the
experimental skin repellents, because of their dual
action, can be developed both as mosquito larvi-
cides and as mosquito oviposition deterrents. When
applied at relatively low application rates, many
caused high levels of mortality in larvae of Ae. ae-
gypti, An. quadrimaculatus, and Cx. quinquefascia-
tus in the laboratory. Thus, these compounds were
similarly effective against different mosquito gen-
era that vary in larval feeding habits, indicating
their potential effectiveness against a wide variety
of mosquito species and possibly wider use in mos-
quito control programs.

The rates of application for significant antiovi-
position or larvicidal activity were much lower than
the rates of skin repellents employed for personal
protection, because deet at concentrations of 35-
75Vo is used on skin for field protection from var-
ious vector arthropods (Gupta and Rutledge 1994).
Conversely, the treatment rates of the repellents re-

quired for effective larvicidal activity in the present
study were higher than conventional mosquito lar-
vicides (Ali et al. 1995); however, positive attri-
butes of the repellents, such as safety to nontarget
aquatic invertebrates (Xue et al. 2000) and long-
term ovipositional deterrency and larval control
(Xue et al. 2001a, 200lb), warrant further devel-
opment of these repellents for control of mosqui-
toes.
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