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TOXICITY AND RESIDUAL ACTION OF THE PHOTOACTIVATED
COMPOUND, CYANO-ALPHA-TERTHIENYL. AND ITS EFFICACY

FOR REDUCING PRE-IMAGINAL POPULATIONS OF MOSQUITOES

L. M. DOSDALL,I M. M. GALLOWAY2 rNo J. T. ARNASON3

ABSTRACT. The photoactivated compound, cyano-alpha-terthienyl (cyano-a-T), was hig
e-imagines of the mosquitoes Culex restudns, Cx. tarsalis and CuLiseta inornata when syn-epre-imagines of the mosquitoes Culex restudns,

terthienyl (cyano-a-T), was highly toxic to
rd. CuLiseta inornata when synergized with

piperonyl butgxide (PBO). Lethal concentrations for 50% mortality, determined during an ouldoor trial
using caged fourth-instar Culex spp. Iarvae, were r9.4, Ls.4 and 12.9 g/ha at 24, 4b and 72 h after
treatment, -respectively. No residual activity of cyano-a-T was observed beyond 24 h following treatment.
In artificial pool- tests, gre-atest population reductions were achieved using dosages of 20 a-nd 40 e/ha;
statistically significant reductions were not observed following applications of b
PBO was more effective for reducing mosquito populations than alpha-terthierPIJU was more efl'ective fbr reducing mosquito populations
comparable dosages, although it exhibited slightly lower inser

served lbllowing applications of 5 g/ha. Cyano-a-T plus
o populations than alpha-terthienyl (a-T) plus PBO at
tly lower insecticidal activity at a dosage of 20 g/ha than
lensrs (Vectobac@ 12 AS, 0.12 ml/m,). Greatestiffective-a formulation of Bacilhrs thiringiensisvat. isiaelensis (Vectobac" 12 AS, 0.i2 mUm2).6reatestlffective-

ness of cyano-a-T plus PBO was observed in pools with low organic content relative to pools high in
organic content.

INTRODUCTION

The use ofphototoxic compounds that exhibit
toxicity to organisms in the presence of light is
a rapidly developing new technology in agricul-
ture and medicine (Heitz and Downum 1987).
Several phototoxins are derived from plants
(Towers 1984), and a few of these are promising
alternatives to conventional insecticides because
they are highly active, relatively nonpersistent,
and have a novel mode of action with demon-
strated potential for controlling insects that are
resistant to standard insecticides (Arnason et
al. 1989). Alpha-terthienyl (a-T), a naturally
occurring thiophene of the plant family Astera-
ceae, is known to have exceptional phototoxic
activity to mosquito larvae (Arnason et al.
1981a, Philogene et al. 1985, Borovsky et al.
1987, Hasspieler et al. 1988) and pupae (Kagan
et al. 1987).

The phototoxicity of a-T and related mole-
cules results from irradiation with near-ultravi-
olet wavelengths (300-400 nm), Ieading to the
generation of singlet oxygen by enerry transfer
(Arnason et al. 1981b, Scaiano et al. 1987). Sin-
glet oxygen is damaging to several classes of
biological molecules, especially lipids and amino
acids (Larson and Berenbaum 1988). In mos-
quito larvae, direct evidence of lipid peroxida-
tion and oxidation of glutathione by a-T has
been obtained (Hasspieler et al. 1990). At the
tissue level, photooxidative damage may occur
to the midgut epithelium and the lumen of Mal-
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pighian tubules (Hasspieler et al. 1988, 1990),
and anal gill membranes may undergo increased
halide leakage (Arnason et al. 1987).

Quantitative structure activity relationship of
20 or more derivatives of a-T indicated that
observed toxicity can be predicted accurately (r2
> 0.8) on the basis ofthe rate of singlet oxygen
production and lipophilicity (Marles et al. 1991a,
1991b). Cyano-alpha-terthienyl (cyano-a-T)
was found to be near the optimum lipophilicity
for activity to mosquito larvae and an efficient
singlet oxygen generator. In addition, its lipo-
philicity was below the optimum for activity to
a crustacean (Artemia salina Leachl, suggesting
that it may have some target organism specific-
ity. These observations prompted the present
field trials to evaluate the phototoxicity of cy-
ano-a-T in relation to other phototoxins and
microbial toxins. The objectives of this study
were: 1) to evaluate the relative effectiveness of
cyano-a-T and cyano-a-T plus the synergist,
piperonyl butoxide (PBO), for reducing popula-
tions of pre-imaginal mosquitoes in artificial
pools, and to compare these with a-T and a
standard formulation of Bacillus thuringiensi.s
Berliner vat. isroclcnsls de Barjac (8.t. H-14),
2) to compare the effrcacy of cyano-a-T plus
PBO in breeding sites with high and low organic
content, 3) to estimate the LCso of cyano-a-T
fot Cubx spp., and 4) to assess the residual
activity of cyano-a-T plus PBO under field con-
ditions.

METIIODS AND MATERIALS

Cyano-a-T (20 g) was synthesized according
to the method described previously (Scaiano et
al. 1987, Soucy-Breau et al. 1991), by treating
a-T with chlorosulfonyl isocyanate in methyl
chloride, and then adding dimethylformamide to
the mixture.
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Tests were conducted in 24 small (1 m'�) and
l2larye (9 m'�) artificial pools at the University
of Manitoba Glenlea Research Station, located
approximately 30 km south of Winnipeg, Man-
itoba. Pools were constructed with wooden
frames, double-lined with heavy black plastic (6
mil), and filled with approximately 80 liters (m'
pools) or 2,000 liters (9 m'� pools) of river water.
AII 1 m2 pools were lined with landscaping sod;
half the 9 m2 pools were sod-lined and half were
sod-free. Pools were Iocated along the southern
edge of a poplar woodlot and received full sun-
light for approximately 6 (9 m2 pools) or 8 (1 m2
pools) h per day. Pools were constructed, filled,
and left standing for mosquito colonization to
occur for 11 (Trial 1) and 7 days (Trial 2) before
treatment. Mosquito oviposition in the sod-free
pools was supplemented by adding egg rafts from
sodded pools. Water temperatures were recorded
with Taylor@ maximum-minimum thermome'
ters,

The first of 2 similar field trials commencec
July 26, 1988. Samples were collected approxi-
mately t h before treatment, and at post-treat-
ment intervals of 24, 48 and 72 h. At each
sampling time, 5-450 ml dipper samples were
taken from each 1 m2 pool (one from each pool
corner and one from the center), and 8 dipper
samples were collected from each 9 m'� pool (2
from each pool corner). Dead individuals were
removed from post-treatment samples. Speci-
mens were preserved in 95% ethanol.

The second trial commenced August 9, 1988.
The same sampling protocol was used, except
that 10 dipper samples were collected from each
9 m2 pool (2 from each corner and 2 from the
center).

For both trials, treatments were applied at
1130 h in full sunlight (800 W/m'). During each
trial, three 1 m2 pools were untreated controls
and three 1 m2 pools were selected randomly for
each of the 7 treatments: 1) cyano-a-T plus
PBO, 5 g/ha (0.5 mg cyano-a-T + 0.25 mg PBO
+ 0.0005 ml Atlox 1087 + shell TS22 added to
make 1 ml); 2) cyano-a-T plus PBO, 10 g/ha
(1.0 mg cyano-a-T * 5.0 mg PBO + 0.0010 ml
Atlox 1087 + Shell TS22 added to make 1 ml);
3) cyano-a-T plus PBO, 20 g/ha (2.0 mg cyano-
a-T + 10.0 mg PBO + 0.0020 ml Atlox 1087 +
Shell TS22 added to make 1 ml); 4) a-T plus
PBO, 50 g/ha (5.0 mg a-T + 25.0 mg PBO +
0.005 ml Atlox 1087 + Shell TS22 added to make
1 ml); 5) cyano-a-T, 50 glha (5.0 mg cyano-a-T
+ 0.005 ml Atlox 1087 + Shell TS22 added to
make 1 ml); 6) B.t. H-14,0.12 ml/m2 Vectobac@
f2 AS; 7) solvent (0.01 ml Atlox 1087 + 0.99 ml
Shell TS22). Atlox 1087 (polyethylene glycol
sorbitan ether monooleate) was used as a spread-

ing agent in the formulations; the solvent, Shell
TS22, contains xylene.

The importance of pool organic content on
effectiveness of cyano-a-T plus PBO was tested
in the large pools. Three sod-lined and 3 sod-
free 9 m2 pools (selected randomly) were treated
with 40 gfha cyano-a-T plus PBO (36.0 me
cyano-a-T + 180.0 mg PBO + 0.036 ml Atlox
108? + Shell TS22 added to make 9 ml); 3 large
pools of each type were untreated.

To estimate the LCso of cyano-a-T plus PBO,
fourth-instar lawae of Culet spp. were placed in
screened bioassay cages (25 larvae per cage and
1 cage per pool) within the control pools and
those subjected to treatment of cyano-a-T plus
PBO, according to the method of Philogene et
al. (1985). Numbers of living and dead larvae in
the bioassay cages were counted and recorded at
intervals of 24, 48 and 72 h after treatment.

The residual activity of cyano-a-T plus PBO
at 40 g/ha was examined in the 9 m2 pools in
both the July and August trials. Bioassay cages,
each containing 25 fourth-instar larvae of Culex
spp., were placed in each Iarge pool approxi-
mately t h before treatment and at 24 and 48 h
after treatment. Numbers of Iiving and dead
larvae in the bioassay cages were recorded at
intervals of 24, 48 and 72 h afber treatment.

Percent reductions of individuals in treated
pools were calculated using pre- and post-treat-
ment sample numbers, corrected for control
mortality using the formula of Mulla et al.
(1971). Data were subjected to analysis of vari-
ance (ANOVA) using a General Linear Models
procedure and Duncan's Multiple Range Test
(SAS Institute Inc. 1985), after performing logro
(x + 1) transformations on counts of larvae and
pupae comprising each sample. Recruitment of
new individuals by hatching of eggs laid after
treatment was corrected for by excluding first-
instar larvae from the analysis of 48 h post-
treatment samples, and first- and second-instar
larvae from analysis of 72 h post-treatment sam-
ples. Recruitment corrections were based on de-
velopment times for Cul.ex tarsalis Coq. of 1.5
and L.0 d for first- and second-instar larvae,
respectively, when reared under similar environ-
mental conditions (Reisen et al. 1989). Mortality
data from the bioassay cages were subjected to
probit analysis (SAS Institute Inc. 1985) to de-
termine the LCso and 95% fiducial limits for
cyano-c-T plus PBO. Mortality of caged larvae
exposed to different dosages of cyano-a-T plus
PBO was compared before and after treatment
using ANOVA and Tukey's Studentized Range
Test (SAS Institute Inc. 1985).
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Table 1. Mean numbers + SE of Culex restunns, Cx. tarsalis and Culiseta inornatapre-imagines per 450 ml
dipper sample, and percent population reductions (in italics) in 1 m2 artificial pools rece"iving various

treatments on July 26, 1988 (Trial 1). Means in the same row followed by the same leiter
are not significantly different (p > 0.0b).

Treatment Pre-treatment 7248q /

Controls
B ac illus thu r ing iens is

H-14 (0.12 ml/m')
Cyano-a-T (50 e/ha)

a-T + PBO (50 e/ha)

Solvent

Cyano-a-T + PBO
(5 elha)

Cyano-a-T * PBO
(10 s/ha)

Cyano-a-T + PBO
(20 s/ha)

75.1 + 3.2 a
11.3  +  3 .0  a

15.3 -t- 2.9 a

12.5  +  1 .6  a

12.6 + 3.1 a

10.5 + 2.8 a

11.6  +  0 .1  a

10.4 + 1.6 a

16.0 + 3.8 a
0.9 + 0.4 b

92.8
2.4 -F 0.9 b

85.1
2.8 + 2.0 b

78.9
7.7 + 0.9 a

42.7
5.2 + 0.9 a

72.1 + I0.2 a
2.2

0.8 -F 0.7 b
93.2

17.4 + 1.3 a
0 . 2  +  0 . 2 b

98.3
9.7 + 4.9 a

44.9
6 . 9 + 3 . 3 a b

52.4
10.9 + 2.9 a

24.9
?.4 + 0.3 a

39.0
6.6 + 1.2 a

50.6
7.6 -l. 5.6 a b

J t . 1

15.7 + 1.7 a
0 . 1  + 0 b

99.6
8.2 + 1.1 a

48.2
10.9 -f 4.5 a b

16.8
9 .1  +  3 .3  a

30.5
6.4 + 1.8 a

41.2
5.5 + 2.5 a

54.1
8.0 -r 3.3 a b

26.3

RESULTS

In Trial 1, most pre-imaginal mosquitoes in-
habiting the pools were identified as Culex res-
tuons Theobald (7 3.3%) and Cr. t ar s alis e3.8%l .
Small numbers of Culiseta inornata (Williston)
(2.9%) also were collected. In Trial 2, Cx. res-
tuans, Cx. tarsalis and Cs. inornata comprised
62.7 ,26.0 and ll.3% of individuals, respectively.
A greater proportion of mosquito larvae inhab-
iting the small pools were first and second in-
stars in Trial 2 (61.6%), compared with Trial 1
(44.2%\. Consequently, a larger proportion of
individuals in Trial 1 were third and fourth
instars (55.8%), compared with Trial 2 (85.4%).
In the large pools, first-instar larvae comprised
a smaller percentage of pre-imagines in Trial 1
(7.0%) than in Trial 2 (30.5%). However, per-
centages of second-, third-, and fourth-instar
larvae were similar in both trials. In Trial 1,
23.3,24.6 and,28.97o of larvae were second, third
and fourth instars, respectively, compared with
Trial 2 where these percentages were 25.8, 18.3
and 24.3. A larger proportion of pupae were
observed in the large pools in Trial 1 G6.2%)
compared with Trial 2 (I.l%) and the small
pools (0%). The mean water temperature of the
1 m2 pools during the 4-day sampling period of
Trial 1 was 26'C (daily mean temperature range
:24-28"C); the mean temperature of the 9 m2
pools was 21'C (range : 18-23"C). In Trial 2,
the mean water temperature of the 1 m2 pools
during the study period was 24'C (range:22-
27"C); the mean temperature of the 9 m2 pools
was 20'C (range: 18-22"C\.

No significant changes in mean numbers of
in4ividuals per sample were observed in the 1
m' untreated pools during either of Trials 1 or
2 (Tables 1 and 2). In both trials, 24 h post-
treatment populations in pools treated with B.t
H-14 declined significantly (P < 0.05) relative
to pre-treatment populations, and remained sig-
nificantly lower than pre-treatment densities for
the remainder of the study period (Tables 1 and
2). Population reductions greater than 987o werc
observed 48 h post-treatment, and these reduc-
tions were maintained for the remainder of both
study periods.

Pre-imaginal mosquito populations in pools
treated with a-T plus PBO declined signifi-
cantly (P < 0.05) after treatment in both trials
(Tables 1 and 2). In Trial 2, mean number of
individuals per sample remained significantly
lower during all post-treatment sampling dates
compared with pre-treatment densities. In Trial
1, however, a significant population decline was
observed only 24 h after treatment.

Application of cyano-a-T also caused a pop-
ulation decline that was significant (P < 0.05)
24h after treatment in both trials (Tables 1 and
2). In Trial 2, populations observed 72 h aftet
treatment declined significantly relative to pre-
treatment densities (P < 0.05), but in Trial 1,
no significant decrease occurred between these
dates.

In both trials, mean numbers of individuals
per sample did not differ significantly between
sampling dates for pools treated with the solvent
alone, or for pools treated with 5 g/ha cyano-cr-
T plus PBO (P > 0.05) (Tables 1 and 2). How-
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Table 2. Mean numbers -r SE of Culex restuans, Cx. tarsalis and Culiseta inornata pre-imagines per 450 ml

dipper sample, and percent population reductions (in italics) in 1 m'� artificial pools receiving various

tieatmenti on August 9, 1988 (Trial 2). Means in the same row followed by the same letter are not

significantly different (P > 0.05).

Mean no. individuals/sample, pre- and post-treatment (h)

Treatment Pre-treatment 4824

Controls
B ac illus thur ingie nsis

H-14 (0.12 ml/m'�)
Cyano-a-T (50 g/ha)

a-T + PBO (50 g/ha)

Solvent

Cyano-a-T + PBO
(5 s/ha)

Cyano-a-T + PBO
(10 e/ha)

Cyano-a-T + PBO
(20 s/ha)

72.9 + 45.3 a
29.3 + 20.7 a

22.3 + 8.7 a

12.9 + 2.5 a

24.I + 9.9 a

31.5 + 26.3 a

2\.5 + t2.2 a

31.6 + 15.9 a

35.6 + 4.0 a
1.3 + 1.2 b

90.9
1.0 + 0.6 b

90.5
2 . 4  +  l . 8 b

62.3
11.0 + 5.8 a

6.5
5 .8  +  5 .1  a

62.4
0.7 + 0.4 b

93.4
0.5 + 0.2 b

96.5

30.0 + 12.5 a
0.2 r 0.1 b

98.4
1 1 . 8 + 6 . 1  a b

-28.01
1.1 -f  0.7 b

79.2
29.2 + 71.8 a

-193.71
6.0 + 5.1 a

53.4
5 . 7  +  4 . 5  a b

36.0
1 . 0 + 0 b

92.6

53.6 t 8.5 a
0.4 + 0.3 b

98.3
2.0 + 0.3 b

87.6
3.6 -f  2.1 b

62.0
30.8 + 13.1 a

- 7 2 ' 1 1

10.1 + 8.3 a
56.3

2.0 + 0.7 b
87.3

1 .3  +  0 .1  b
94.4

1 Negative values indicate that relative population densities were greater in the treated than the untreated

pools.

Treatment Pre-treatment 24

Table 3. Mean numbers + SE of CuLex restuans, Cx. tarsalis and Culiseta inornata pre-imagines per 450 ml

dipper sample, and percent population reductions (in italics\ in 9 m'� artificial pools treated with 40 g/ha

.t*-"-t d

Mean no. individuals/sample, pre- and post-treatment (h)

48

Trial 1
Control, sod-lined pools
Control, sod-free pools
SodJined pools,

cyano-a-T + PBO
Sod-free pools,

cyano-a-T + PBO
Trial 2

Control, sod-lined pools
Control, sod-free pools
Sod-lined pools,

cyano-a-T + PBO
Sod-free pools,

cyano-a-T + PBO

18.1 + 7.0 a
2.8 + 1.2 a
2.8 + 0.8 b

74.9
0 . 2  +  0 . 2 b

95.2

3.8 + 1.9 a
1.4 t 0.4 a
0 . 3 + 0 . 1  a b

66.7
0 . 1  + 0 b

96.4

36.9 + 5.8 a
4.9 + 1.5 a

22.4 + 10.2 a

7.1 + 2.0 a

8.4 + 3.2 a
1.5 t 0.3 a
1.9 + 0.9 a

2 .4  +  l . I  a

23.9 + 4.3 a
5 .1  +  3 .0  a
1.8 t 0.7 b

87.7
0 + 0 b
100

3.7  +  1 .8  a
0.8 + 0.3 a

0 + 0 b
98.8

0 + 0 b
99.2

21.3  t  5 .0  a
1.4 + 1.2 a
2 .4  +  l .8b

81.8
0 + o b
100

3.2 + 2.0 a
1.0 + 0.9 a
0.1 + 0.1 b

88.5
0 + o b
100

ever, in pools treated with 10 gfha cyano-a-T
plus PBO, post-treatment populations declined
significantly (P < 0.05) in Trial 2 relative to
pre-treatment densities. By 72 h post-treatment,
mosquito populations were 87.3Vo lower than
those recordedbefore treatment. In Trial 1, how-
ever, populations did not differ significantly
from pre-treatment densities on any post-treat-
ment sampling date (P > 0.05).

Significant population reductions occurred in
both trials following application of 20 g/ha cy'
ano-a-T plus PBO (Tables 1 and 2). In Trial 1,
a93.2% reduction was observed 24 h after treat-

ment; however, mean numbers of individuals per
sample 48 and 72h after treatment did not differ
signifrcantly from pre-treatment densities. In
"l ljral 2, population reductions greater than 92%
were observed 24. 48 and 72 h after treatment,
and all were significantly Iower than pre-treat-
ment densities (P < 0.05).

In both Trials 1 and 2, no significant changes
in densities of pre-imaginal mosquitoes were
observed between any of the sampling dates in
the 9 m2 control pools (P > 0.05) (Table 3)' In
both trials, however, significant reductions oc-
curred in the sod-lined and sod-free pools
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!r9a!e{ with 40 gfha cyano-a-T plus pBO (p <
0.05). Mosquito populations weie reduced to a
greater degree in the sod-free pools than in the
sod--lined pools. By T2 h posl-treatment, gJ-.g
and,88.5% reductions were observed in sod-lined
pools, but 100% reductions occurred in sod-free
pools.

Mortality of Culex spp. Iarvae in the bioassav
cages was affected by dosage and time aftei
treatment. For example, in the July trial, no
significant differences in mortality were ob-
served in the control pools during the study
period (P > 0.05); however, by 24 h after treai-
ment 20 g/ha of cyano-a-T plus pBO caused a
significant increase in mortality (p < 0.0b) that
exceeded the mortality caused by dosages of b
or 10 g/ha (Table 4.By 72 h after treitment,
greatest mortality was still evident in pools
treated with 20 g/ha. In the July trial, LC5s
values (fiducial limits) of cyano-a-T plus pBO
were 19.4 (15.7-27.7),tb.4 (t2.7-20.6) and 12.9
(10.6-16.8) g/ha at 24, 48 and,72 h after fteat-
ment, respectively. In the August trial, LC5g
values (fiducial limits) were 35.0 (23.4-86.8).
19.8 (9.9-42.5) and 15.6 (G.l-91.3) g/haat24,i8
and,72 h after treatment.

. Application-of cyano-a-T plus pBO at 40 g/
ha to the 9 m2 pools induced high mortality io
larvae_ introduced just prior to treatment, but
mortality to larvae introduced 24 or 4g h after
treatment was very similar to that of controls
(Table 5). The residual activity of cyano-a-T
plus PBO at 40 g/ha in pools with and without
sod was similar or slightly greater for pools
without sod (Table 6).

DISCUSSION

Cyano-a-T plus PBO was highly phototoxic
to pre-imagines of Cr. restuans, Cx. tarsalis and
Cs. inornata, The phototoxic activity of cyano-
a-T plus PBO exceeded that of a-Tplus pBO.

Table 4. Mean percent mortalities of fourth-instar
Cubx spp. larvae in bioassay cages subjected to

different dosages of cyano-a-T plus pBO in 1 m2
pools for Trial 1 (July 26 29, 1988). Means in a

column followed by the same letter are not
significantly different (P > 0.05); means in a row
followed by the same number are not significantly

different (.P > 0.0b).

Mean mortality (%) at various times (h)

Although both caused statistically significant
population reductions, a greater dosage (SO g/
ha) of a-T plus PBO achieved a lower mean
reduction (58.670) during the 2 studies than did
a lower dosage @0 g/ha) of cyano-a-T plus pBO
(83.I7o).

Cyano-a-T plus PBO, at the highest dosage
tested in the m2 pools (20 g/ha), had slightiy
Iower insecticidal activity against pre-imaginal
mosquitoes than did the Vectobac@ 12 AS for-
mulation of B.t. H-I4. (The B.t H-14 dosaee
used here was mid-range according to the prol-
uct label guide.) Comparable toxic activilv in
organically rich habitats may require dosages of
45 or 50 g/ha cyano-a-T plus pBO. Dosages of
30 g/ha would probably provide acceptablJpop-
ulation reductions in organically poo. tabitatr.

The toxicity of cyano-a-T plus pBO was
greatest in organically poor habitats. By the end
of the study period, population reductions were
approximately 15% greatet in the pools with low
organic content treated with 40 g/hathan in the
highly organic pools. Adsorption of phototoxin
molecules onto organic particles may have
caused its decreased toxicity in the enriched
pools.

The solvent did not cause significant popula-
tion reductions of pre-imaginal mosquiloes; in
fact, ,population increases during fhe study
period were observed in Trial 2. Addition of pBO
enhanced the phototoxic activity of cyano-a-T,
although this was more evident in Trial 1 com-
pared to Trial 2. The experimental design did
not accommodate a treatment of pBO alone,
and therefore it should be noted that the impact
of a-T and cyano-a-T on pre-imaginal mosquito
populations may not have resulted exclusivelv
from the photoactivated molecules. but mav
have been caused partly by PBO. pBb is known
to affect aquatic organisms adversely (Mayer
and Ellersieck 1986).

There is no evidence from this studv that the
species studied differed in their sensiiivities to
c-yano-a-T plus PBO. For example, Cx. restuans,
Cx. tarsalis and. Cs. inornatacomprised 65 .E,2g.B
and,6.27o, respectively, of individuals from Tria-
1 pre-treatment samples inhabiting g m2 pools
tr,egted with 40 gfha cyano-a-T plus pBO. By
48 h post-treatment, the species composition of
survivors was similar: 73.8% Cx. restuans.26.2To
Cx. tarsalis and 0% Cs. inornata.It is probable.
however, that interspecific (and perhaps inter-
strain) differences in susceptibility to larvicidal
effects of cyano-a-T exist, because such differ-
ences were observed for a-T (Hasspieler et al.
1988). Laboratory toxicity tests are needed to
investigate this question.

Mortality data from the bioassay cages dem-
onstrate that this photoactivated material ex-

following treatment
Rate

G/ha) 72q /

0

10
20

0 a
0 a
0 a
0 a

1 . 3 a 1  4 . 0 a L  2 0 . 0 a 1
9.3  a l ,2  l3 .3abt ,2  20 .2a2
24.0 a 2 36.0 bc 2 42.7 ab B
52.0b2 58 .6c2 62 .0ab2
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Table 5. Mean percent mortalities -+ SD of fourth -instar Cul,ex spp. larvae placed in bioassay cages on

consecutive days before and after treatment ofthe 9 rn2 artificial pools with cyano-a-T plus PBO in Trial 2

(August 9-12, 1988)

t71

Rate
(e/ha)

Time of
cage intro-
duction (h
after treat-

ment)

Mean mortality (7o) at various times (h) following
treatment

7224

0
24
48
0

24
48

0 + 0

o t o

42.7 + 6.1
0 + 0

4.O + 4.0
0 + 0

86.6 + 14.0
1.3 + 2.3

0 + 0
5.3 + 6.1

0 + 0
0 + 0

96.0 + 5.6
8.0 + 4.0
4.0 + 4.0
6.6 + 2.0
5.3 + 2.3
2.6 + 2.3

Table 6. Mean percent mortalities + SD of fourth -instat Cul.ex spp. larvae placed in bioassay cages on
consecutive days before and after treatment with 40 g/ha cyano-a-T plus PBO in Trial 1 (July 26-29, 1988)

in sod-lined and sod-free 9 m2 artificial pools.

Pool type

Time of
cage intro-
duction (h
after treat-

ment)

Mean rnortality (7o) at various times (h) following
treatment

7248

Sod

No sod

0
1
2
0
I
2

0 + 0

o io

92.0 + 4.O
0 + 0

96.0 + 4.0
0 + 0

96.6 r 4.0
21.3 + 10.0

0 + 0
1 0 0 + 0
48.0 + 24.3

0 + 0

98.0 + 2.8
20.0*

12.0 t 16.0
1 0 0 + 0

56.1 + 28.0
9.3 + 12.8

* Single cage.

hibits potent efficacy under field conditions, and
low residual action suggesting very little persist-
ence of the parent material. The efficacy results
are comparable to those found for spring Aedes
spp. by Fields et al. (1991) where LCso values
(fiducial limits) of cyano-a-T were 16.4 (14.1-
18.7) and 10.8 (7.8-12.5) e/ha at 24 and 48 h
after treatment, respectively.

It is possible to evaluate the persistence of
cyano-a-T not by measuring toxicity to caged
mosquito larvae, but by chemical analysis of
extracted water samples. The procedure, how-
ever, is complex and was not undertaken in this
study. Research by Kagan et al. (1991) has
shown that phototoxic compounds readily be-
come adsorbed onto plastic. Adsorption onto the
plastic liner of the mosquito pools, therefore,
may also partly explain the reduced toxicity of
cyano-a-T over time.

Results of this study clearly indicate that cy-
ano-a-T has considerable potential for reducing
pre-imaginal populations of mosquitoes under
field conditions of tull sunlight. The lifetime of
the electronically excited species of cyano-a-T
is even shorter than that of a-T (Scaiano et al.
1987). Further research is required, however, to
determine the impact of this photoinsecticide

on non-target organisms before consideration
can be given to its implementation in mosquito
abatement programs.
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