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Studies on blackfly control and the impact of larviciding to aquatic ecosystem
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Blackfiies are the very important pest, not only in Japan but also all over the world, due to
their serious blood sucking on human and domestic animals and transmission of the diseases such
as onchocerciasis. Larvae of blackflies breed in small streams and rivers, and adults attack on
human and animals. To control blackflies or onchocerciasis, larval control is mainly being carried
out by applying insecticides to the stream at present time. But this measure has two essential
defects. One is that the effect is just temporary and another one is side effect to the non-target
organisms, The object of the studies is to develope more effective control measures to the target
species, minimizing the side effect to the non-target organisms.

The field control trials and the ecological investigations were carried out in Shuzenji, Shizuoka
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Prefecture and Haramura, Nagano Prefecture.

1. Ecological studies on the behavior of the adult blackflies

{1) Comparative observations on the efficacy of some traps

Comparative observations on the efficacy of some traps for collecting adult blackflies were
carried out.  Fan traps with CO, gas from bomb or dry ice effectively attracted the adult blackflies
according to their flow rate, while the same devices with animals (chicken or mouse) less attracted.
The fan trap with black light and dry ice was recommendable for practical use, although the
catching efficacy for an anthropophilic species, Simulium aokii, was somewhat inferior to human
bait collection. Catching efficacy of the traps settled at different height above the ground was ob-
served, and the number of the flies collected was the most abundant at 0.3 m high.

{2) Observation on diurnal rhythm of biting activities

There were two peaks, early morning and late afternoon, in diurnal rhythm of biting activities
for S. bidentarum and S. aokii from April to October. In the winter season, only one peak was
observed from 10 am to 4. 30 pm.

(3) Flight range survey

The preliminary experiments of mark-and-release of blackflies were carried out in Shuzeniji in
1981, Total number of 2, 492 flies was marked and released using four colouring for three days.
Among the total number of 5,243 flies captured, only three marked females were captured within
0.1km of the releasing station, two days after releasing. The second experiment was carried out
in the same place in 1982. Total number of 9, 188 flies was released. Among the total number of
24, 948 recaptured, 266 marked flies were recaptured, 94, 7% of them being recaptured within 100 m
of the releasing point 1 day after releasing. The third experiment was carried out in the same
manner as the preliminary experiment in 1983, Total of 110 marked fies of 4,739 released were
recaptured.

Three mark-and-release studies of adult blackflies showed that the adult could fly as far as 2km
and 2. 5 km from the release point on day 2 and 4 after releasing, respectively, and also the black-
flies could fly over a ridge in the area surveyed.

2. Studies on the blackfy control

(1) Laboratory test on larvicide

Laboratory tests were carried out to determine the susceptibility of field collected larvae, S.
aokii and S. bidentatum, to the three organophosphorus insecticides. Chlorophoxim was the most
effective among the three insecticides tested.

{(2) Observation on the behavior of insecticide applied in streams

The behavior of the insecticides treated in streams was pursued by the following methods;
chemical analysis of water by gas chromatography and bio-assay of water using mosquito larvae,
Cules pipiens pallens. Concentration of salt (NaCl) discharged in a stream was also measured by a
conductivity meter downstream from the discharging point. It was observed that the difference of
behavior of insecticide (temephos) was not so significant between applications at one time and 10
minutes. The time, blackfly larvae was exposed to a effective concentration of chemicals, was ob-
served to be very short.

(3) Preliminary field tests of larviciding used a biotic control agent and IGR (insect growth
regulator) formulations

Field trials of a biotic control agent, Bacillus thuringiensis var. israelensis, were carried out in
Haramura, in 1981. Ten ppm for 10 min is recommendable for a practical biackfly control.

In 1982, methoprene and diflubenzuron were tested. No remarkable effects could not be ob-
tained on both IGRs treated in rate of 1 ppm Al per discharge for 15 min of the water, although
in some points of some streams, decrease in the larval numbers on the substrate or inhibition of
the adult emergence from the collected pupae were observed.

In 1983, new formulation and different dosage of two IGRs were tested in the field, Meth-
oprene 1095 fowable at 2. 17 ppm/f15 min and briquet at 0. 0027 ppm/20 hrs suppressed remarkably
the adult emergence from the pupae obtained for two weeks by 300 m downstreams from the dose
point but did not affect the larval population. Diflubenzuron 25% WP at 2 and 5.2 ppm/15 min
decreased both the larval densities and the emergence rates for 1-2 weeks by 300 m downstream.

(4) TField trial of blackfly control by diflubenzuren

Diflubenzuren 232 WP was discharged at four different points at the doses of 1-1.25 ppm/
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15-60 min, in Kokawa river, Shuzenji, Larval and pupal densities in the river, nearby adult den-
sities and adult emergence rates were observed for the evaluation.

These results led to the conclusion that 1 ppm/15 min application of diflubenzuron 25% WP in
every 3 weeks may satisfactorily suppress the larval population of the blackfly larvae at least by

4km from the dosing point.

3. Observations on the effect of insecticides upon non-target organisms

Side effect of insecticides upon non-target organisms were observed simultaneously in accor-
dance with the treatment of larvicide against blackfly larvae, Methoprene and diflubenzuron at a
standard dose applied in model stream did not cause a significant drift of non-target organisms but

affected the emergence of caddis fies and some chironomid species.

the emergence of mayflies.

QOnly difiubenzuron inhibited

In the field experiment used diflubenzuron in 1984, the chemical did not affect the fish popula-
tion in the river. But, aquatic insects were all received a serious impact from the chemical, And,
dipterans showed remarkable increase in the density three weeks after application. Those species
were Anthoca sp., chironomids and simuliids, which all have high potential in the increase with

short generation time and high fecundity.

The decrease in the insect density resulted in the outbreak of attached algae, among which a
filamentous green algae, Cloniophora pulmosa increased enormously. No harmful effect of this

chemical on algae were detected.
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Fig. 1. Fan trap with dry ice
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Table 1. Monthly change of blackfies captured with different discharge rates of CO, gas

and dry ice (2 kg}.

CO, flow Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total (%)
dry ice 0 19 197 114 408 30 11 29 513 15 38 266 1640 —
250 mi/min 0 4 43 0 3 3 1 3 7 5 80 12 161 3.2
500 — 0 2 5 37 31 21 2 152 54 8 78 ¥ 453 8.9
1000 — 0 3 130 34 174 27 13 133 160 15 257 249 1175 23.0
2000 — 4 16 83 133 1185 123 53 340 149 54 802 373 3322 65.0
subtotal 4 25 307 204 1393 174 69 608 370 82 1224 651 5111 100.0
Total 4 44 504 318 1801 204 80 637 3883 97 1262 917 6751 —

Note: Numerals indicate a total of 2 catches: after sunrise and before sunset
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by five different sampling methods,
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Table 2, Number and species of blackflies captured with different traps.

ity 4 ¥ S, biden. S. japo. S. aokii S. rufiba. S. takaha. £
dry ice 248 — 19 1 9 277
CO, 1000 mi 189 — 9 — 2 200
CQO, 2000 m! 324 1 22 3 4 354
CO, 4000 m! 510 1 20 5 13 549
human bait 107 — 65 1 — 173
mosquito net 125 — 21 — — 146

— 1503 2 156 10 28 1699
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Table 3. Number of blackflies marked and

released.
1982 1983
321 1022 10-23 10-—24 rotl
Silver Silver Gold Pink
Marked 10133 1557 2232 1156 4945
Released 9188 1505 2153 1080 4739
Death 945 51 79 76 206

Rate %) 9.3y (3.3) (3.5 (6.6) (4.2)

phos, chlorpyrifos methyl, chlorphoxim @i
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Fig. 3. Map of the mark-and-release experiment in 1982,
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Table 4. MNumber of blackfies captured and
recaptured at various stations (1982).

Number of blackflies

Station No.

Captured Recaptured

1 656 10
2 167 6
3 468 15
4 474 23
5 2272 28
6 2941 31
7 1467 25
8 1739 pA|
9 2221 42
10 2 0
11 2332 22
12 883 16
13 2023 13
i4 1316 4
15 1937 4
16 2886 G
17 378 G
18 788 0
Total 24948 266

fidn, oA T 2GR OHITF ORI & T - T
b (Fig. 7)o TR sTeda I m BLA, A
10—20cm, ARME, £& LT, S iwatense,
S. aokii, S. wchidai CH -1z,

[1] Bt &k A%k

BB lC 4 B Bacillus thuringiensis var,
israelensis O3 7 =4 R FT BRI 2 HE Lico
AR 3 L OB, Table 8 Dbk bTho
oo 1.5 ppmx 60 min, 10ppmx10min Tiz%
R 1000m, 700m TiHE CHEYTH - .
T LY, 10 ppm X 10 min AEMRCTHA S &
#x b,

[2] IGR i X 2 FfifdEaElih

1982 &40, £ b 7 v v 109 REEBERL o
Ty e v 25% KFHE T A Y Lie £h
#Fi, 1ppmx15min OIER & EFR]C, 4EDH
B LT - foe BIEMET, e LicA
TH#e (24 0) EoSRFOER, HREMOH
LT e » foo £ ORI, BTN TE
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Fig. 4. Migration of blackflies (1983).
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Table 5. Number of blackflies captured and
recaptured at various stations (1983).

Number of blackflies

St

Nd. Cap- Recaptured Total
tured Gold Silver Pink S.P.

1 534 1 5 2 8
2 224 1 2 3
3 543 1 4 5
4 302 4 2 8
5 59 1 1
6 37 1 1
7 115 0
8 681 1 7 17 25
9 236 1 6 12 2 21
10 378 3 11 14
11 421 4 11 15
12 43 2 2
13 4 0
14 463 1 2 1 1 5
15 28 0
16 42 0
17 11 0
18 129 1 1 2
Total 4250 7 36 62 5 110

Table 6, Reactions of Simulium ackii larvae
to different larvicides in laboratory tests,
with reference to mortality after a 3-hour

exposure.
Temephos Chlorpyri- Chlorphoxim
Conc. fos-M.
(ppm)
DIT*(%) DIT(28) DiT(%
1.25 20/20¢100 3y 23/23(100 )2 4/24(100 )
0.25 31/32(96.9)  16/16(100 )  27/27(100 )
0.05 26/28(92.9)  29/32(90.6)  37/37(100 )
0.01 1/23( 4.3) 0/ 70 )y 16/26(61.5)
0.002 3/29(10.3) B/ 6{ 0 ) 0/21( 0 )
Controi 02900 ) 0/29( 0 ) 0/22( 0 )

*  DjT=dead larvaeftested larvaec

20br), Ay Re v 259 KEF (2ppmx
I5min & 5.2ppmx15min), F OB, 2 b
FlrwtiR, ZBEEC, 300m FHET, &
100% OMERAERIR AR Ui, 7 4~<v X r
YTh, 12 @R T, BELVSE O
PERE SR,

(3] v7a~vxXe vk 2HEAE RS

Table 7.

Reactions of Simulium bidentatum

larvae to different larvicides in laboratory
tests, with reference to mortality after a

3-hour exposure.

Chlorpyri-

Cone. Temephos f05-M. Chlerphoxim
(ppm}
DiT*(% DiT{%) DIT{%)
1.25 57/57(100 )  64/64(100 )  58/58(100 )
0.25 54/54(100 )  68/68(100 }  51/51¢100 )
.05 48/54(88.9)  45/66(68.2)  45/45(100 )
0.01 8/58(13.8) 6/71( 8.5)  42/54(77.8)
0.002 4/34(11.8) 3/79¢ 3.8) 6/52(11.5)
Control 2/66( 3.0) 2/56( 3.6) 4/59( 6.8}

*  DiT=dead larvae/tested larvae

[

Him

E n1 _
=N
.12: 300m
E
>4
2001
3

0.001

10 100

Time in minutes

Fig. 5. Concentration changes of temephos at
50m and 300m downstream from dosing
point, when it was treated in 1 ppm per 10
minutes.
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Table 8. No. of simuliid larvae collected by the unit time collection (5 min.x2) before

and after the application of Bacillus thuringiensis var. israelensis formulation.

Observation point

Application method :

(ppm X min} River N — o lom 50m  100m  200m  300m

1.5x60 before 4 226 118 81 43 — —

after 26 —_ 0 0 0 0

10 x10 before 3 28 926 41 19 — —

after 68 — 0 0 0 0

100 x 1 before 7 99 175 26 173 — —

after 175 — 0 0 135 115

10 x30 before 8 89 133 96 38 — —
after 62 — 0 0 2% 25%

Note: Asterisks (*) indicate the larvae which showed an abnormal movement

Fig. 8. Map of Kokawa, blackfly control by difiubenzuron was carried out in 1984 .
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Fig. 9. Fluctuation of larval densities in the stream, diflubenzuron was treated in 1984,
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Fig. 10. Fluctuation of pupal densities in the stream, difiubenzuron was
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Table 9. Assesment of efficacy of IGRS on the drifts of exuviae.

Difiubenzuron Methoprene
Control
i ppm 10 ppm ! ppm 10 ppm
Hydropsychodes* — 1 >26 1 24
(8) (1—16, 24—32) 1) (1—24)
Baetis* 5 17 >33 4 >3
(1—4) (1—16) 1—32) (1—4) (1—2, 33
Thienemaniella™* — 5 13 9 >29
(4—8) (4—16) (16—24) (4—32)
Orthocladiinae** — 1 17 — >29
{4) {(4—20) (4—32)
Polypedilum* — 13 13 >14 >18
(4—16) (4—16) (4—8, 24—32) (4, 16—32)
Chirononmus* o >21 21 — >17
{4—24) (4—24) (16—32)

Number of days when the number of exuviae was less than 10 per day for 4 species {**) and less
than 20 per day for 2 species (¥) respectively.

Table 10. Changes in the densities of six algac taxon in the stream treated by diflu-

benzuron.
(cell/mm?® 1984
Species St. No. 12. Jul. 17. Jul. 20. Jul. 27. Jul. 3. Aug. 9. Aug.
1/ 220 7 ¥ I 2 —
I Y a 10 - - _ - — -
Melosira varians 3 — 3 7 2900 3500 5700
8 96 150 4000 13000 7000 1700
1! 600 9 i6 1 14 7
] ) ) 10 — — 5 3 3 —
Navicula cinctaeformis 3 g 0 %9 970 00 010
8 2300 1100 5600 6100 2900 1200
1 64 — —_ 1 4 —
did I o — — — — — —
Nav. viri . ] ;
Nav. viridula var. slesvicensis 3 50 T % 6 s 7
8 1600 1500 1600 6350 58 170
I 1600 16 6 — 4 2
10 — — — 3 — —
Nitzshia palea
3 19 21 440 440 160 61
8 1900 3900 3000 1500 650 290
1 590 — — — 5 46
10 2400 8100 2300 5000 2400 1800
Homoeothrix janthina
3 e e 260 — — —
8 3800 2300 480 420 250 380
1’ 650 - — —_ — 12
10 — — —_ — - —_
Cloniophora pulmosa
3 — 26 260 1200 22000 1900
8 1400 840 380 380 380 310

1 & 10; nontreated, 3 & 8: treated
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