e BEOREPHBROIIOOME, (b, EWSaERROBRH%e

Developmental and fundamental studies on physical and biological control
of arthropod-borne disease vectors for their integrated control

REFEE R~y 7 v ERAEHE oOE SO
Prof., St. Marianna Univ., School of Medicine Tozo KANDA
IBRTIEE R A i B
Assoc, Prof., Faculty of Agriculture, Univ. of Tokyo Toshiaki IkesHon
AU SR A B A& H OB

Assoc. Prof., Faculty of Agriculture, Osaka Prefactural Univ.
Itsuo IcHIMOTO
EsrybimaniimeRame M B 8| A
Chief, Div. of Medical Entomology National Inst. of Health
Yoshito Wabpa

Wy 7 v ERASET CREGEE

Assist., St. Marianna Univ., School of Medicine Kenji Takal
W) 7 v ERAYHT N B -

Assist., St. Marianna Univ., School of Medicine Kenichi Ogawa,
BRI b i R

Graduate Student, Faculty of Agriculture, Univ. of Tokyo
Mitsutaka SAKAKIBARA

Among various control methods with exception of insecticides, replacement of vectors to
nonvector taxon or member of species complex from genetic aspects, reduction of vectorial
capacity, decreasing of population density by disgenic manipulations, scund trapping of male
mosquitoes, use of grouth inhibition hormone, over clouding factor for larval control, and
oviposition attractant have been developed or their trials were performed beside of fundamental
investigation from genetics, ecology and physiology of mosquito vectors.

1. Measurment of population dencity for their population dynamics and control:

A new mathematical model was developed to estimate population parameters of insecis
by the mark-and-recapture technique. By applying the method for dedes albopictus, the model
could effectively used in estimating such parameters as population density and daily survival
rate. From ecological study on dnopheles sinensis and Culex tritaeniorhynchus in rice field,
Mie Prefecture their life tables were made, These tables indicated that pupation rate tends
to be low in both species when the density of first instar larvae is high. This fact implies
that anti-adult control measures are hard to yield the reduction in the population density of
the next generation in these mosquitors.

2. Biological and developmental studies on the vectors of diseases:

Biological studies for the control of vectors of malaria and filariasis in East Asia,
especially emphasising on genetics, ecology, behaviour, physiology, and some other activities
relating to epidemiology have been performed. The vector members included in the species
group, hyrcanus, minimus, lencosphyrns, maculatus, annnlaris, Pyretophorus were proved. In
the An. hyrcanus group, hybridization tests and cytogenstic investigations proved that existence
of diverged cytospecies, engarensis, and two cytological types, sinensis A and B, which have
different susceptibility to Plasmodinm vivax, and the possibility of eventual species replacement
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is considered for the control of malaria in China. In the An, minimus group, bionomic studies
revealed that the species group is very adaptive to environmental changes and conditions
influenced by malaria control operation and other factors. Especially habitat changes of
breading and resting obliged to use of larvicide and grouth inhibition chemicals in fields.
The An. lencosphyrus group was examined on its phylogenic relationships and genetic affinities.
Some differences in behaviour and phylogenic divergences of two Burmese taxa of the species
have been proved due to possession of different breeding habitat relating to malaria endemicity.
These can be control by using natural enemy at their breeding sties, wells. The wing beat
frequencies of females of the member taxa of respective species groups, Ayreanus, leucosphyrus,
minimus, and macularus indicated the existence of genetic divergence due to these kind of
sexual isolation, and suggested availabilities for sound trapping of male mosquitoes of them.

3. Developmental studies on sound trapping of male mosquitoes:

Due to relation to swaming behaviour of male mosquitoes and field application of this
methods, fundamental studies for development have been performed. Response to sound of
the mosquitoes in different ages and with mating experience were examined on five species
of age-known, virgin and nonvirgin males of laboratory colonies of Culex p. molestus, Culex
quinguefastiatus, Aedes aegypti, Aedes albopictus and Anopheles stephensi, and three species of
Culex tarsalis, Culex tritaeniorhnchus, and Aedes melamon which were resting, swaming and
sound-traped in field. The response to sound was greatest for 2-day-old Culex p. molestus
males and for 3- and 4-day-old males ot the other six species. Sound responsiveness of the
males of the laboratory colonies decleased as a function of age and mating experience. The
fecundity of male Aedes aegypti was higher for sound-attracted males than males not attracted
to sound, but the one of Crlex trasalis was different.

Removal of Culex tarsaris from a field population in California by sound trapping: Sound
trapping of male mosquitoes in the field was improved by introducing an artificial swarm
marker. Twe weeks of removal sampling by 3 or 6 sets of 12 sound traps from a stand of
ficabane with a size of 25x50 meters may have reduced the insemination rate of the unfed
resting female population from 222 to zero, while the insemination rate unchanged at 55%
in a conirol area. The removal of sound-sensitive males by this technique may prove efficient
for mosguito control than other male manipulation techniques.

Field trials of sound trap for male mansonia: Mansonia mosquitoes were more responce
to sound of 350Hz as Table 15 shows, The trials was performed for 60 minuits after sunset
at breeding area at wast swampy pound in Malaysia, though they are still under way.

4, Biologically active substances for mosquitoes:

Qvercrowing factors of mosquito larvae; In order to clarify the relationship between
larvicidal activity and chemical structure of overcrowding factor against 1st instar larvae of
Culex p. molestus were synthesized. Among 50 compound of them 3-methylalkanoic acids,
2-methyl-3-pentadecyne-2-0l and 2-methyl-14-pentadecyne-2-o0l were most effective.

Ovipositional attractants of mosquitoes: 7, 11-Dimethyloctadecane: Four stereoisomers of
this substance were synthesized from (—)-citronellol and (+)-pulegone using as the chiral
synthons, and their ovipositional attractancy for dedes aegypti were tested. The attractancy of
these compounds were approxinately 3 time, in contrast to 6.3 times of the natural products.

Erythro-6-Acetoy-5-hexadecanolide:

In the stercoselective synthesis of this group of compounds were performed, and {5R, 6S)-
(—)erythro-6-acetoy-5-hexadecanclide was most effective as sttractant among them, and revealed
the genus-specific stimulant in the oviposition preference. Though this pheromon is not
inducible the oviposition of Aedes nor Anopheles but against Culex tarsaris and C. quinquefaciatus
it was only twice as inducibie as the untreated waters at 1 to ppm of its concentration, in field
test at Bakersfield, California, U.S.A.

5. The polymorphic sex determination system of the house fly was compared among 18
populations from different localities throughout Japan. The fly with A¥ chromosomal poly-
morphism is more distributed in western Japan. Allozyme polymorphism is alse under the
investigations refating to the phenomena. Reproductively sterile intersex was also demonstrated
at Yumenoshima Is., Tokyo.
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Table 2. Mean density (No./m2/day) of each instar larvae and pupae of Anopheles sinensis
and Culex tritaeniorhnchus in rice fields, 1982-1984, in Mie Prefecture, Japan.

Anopheles sinensis

Place Year
1st 2nd 3rd 4th Pupa
Hilly 1982 2.8883 2.9146 1.1209 0.3383 0.1278
Agricultural 1983 2.5683 2.0496 0.4881 0.1595 0.0892
Agea 1984 1.8092 1.1495 0.5756 (.1591 0.1151
Plain 1982 5.4980 13.2357 3.9060 0.8127 0.4482
Agricultural 1983 11.1132 6.1024 2.2337 0.5691 0.1972
Area 1984 2.0770 1.5780 1.3438 0.3613 0.1057
Plain 1982 1.0558 1.8439 1.3260 0.2154 0.1863
Suburban 1983 4.5769 2.5395 0.6387 0.2810 0.0888
Area 1984 0.8984 0.7950 {.2490 0.0962 0.0190
Culex tritaeniorfynchus
Place Year
1st 2nd 3rd 4th Pupa
Hilly 1982 32.7130 27.4456 13.7380 9.4314 1.8462
Agricultural 1983 59.7043 4.5794 2.9103 1.3529 0.9189
Area 1984 16.9893 5.3267 5.3312 1.5696 0.9403
Plain 1982 86.1233 31.0997 42.7026 15.1763 7.7485
Agricultural 1983 107,9290 69.0192 47,8279 24.5577 11.6469
Area 1984 15.3714 17.9220 16.1322 4.2232 2.1041
Plain 1982 184.9630 30.621% 21.0895 9,7323 7.4515
Suburban 1983 28.1935 14.0320 9.3390 4.6010 7.1873
Area 1984 5.9108 4,6037 3.7920 2.7895 0.8256
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Table 3. Results from experimental infection for analysis on malaria vector competence
of anopheline strains colonised in laboratory against Plasmodium vivax.

Infected with oocyst

. . No,
Species Strains abserved No. fed No. Rate Iﬁ(;;'qgﬁg
Sinensis URW 100 67 0 0 0
KNY 100 62 3 4.8 3
stephensi YER 200 58 17 293 6
balabacensis IMR 100 72 72 100 24

3. X#Eafoaris F (lesteri X sinensis B),
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Table. 4. Summarized results from interstrain-crosses among the 6 strains belonging in
the Anopheles lencospyris group from Southeast Asia.

TSG CTB KCH XTD IMR SWK

® F) ® F ® F ®m E @ F) @ F
TSG F FS E ES E F 5 —
CTB F FS F F F FS F FS F FS
KCH F ES F F F FS F FS F FS
KTD F F F F F F I F ES
IMR F FS F F Fx - F F F F3
SWK F Fs F F8 F FS 1

(P}: Parental strains, (F)): F, hybrids,

E: Fertile in both sexes,

¥S: Female is fertile whereas male

is sterile, Fg: Fertile whereas progenies were reduced extremely, I: No ability of cross-mating.

Table 5. Wingbeat frequency of Anopheles leucosplyrus species group at 4 days after

emergence.
Species Sex No. of Frequency (Hz) Ratio of
Taxon tested Mean--S.E. M/F
An. balabacensis Female 12 477,84 5.4v.e 1.54
IMR Male 17 733.9+10.5 .
An. balabacensis Female 25 504.7+ 9.8 1.40
KTD Male 17 707.4:4:23.2 .
An. balabacensis Female 21 530.7410.2%.2 1.39
Male 19 737.04-10.8 :
An. balabacensis Female 16 519.2410.42,® 1.43
KCH Male 24 743.0+14.3 ’
An. leucosphyrus Female 13 476,14+ 8.29.0 1.53
SWK Male 19 728.8+10.5 ’

-4y Means followed by the same letters are significantly different at 1% level of t-test.
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Fig. 4. A comparison on grades of genetic divergences among 8 members of malaria
vectors belonging in An. leucosphyrus group.
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Fig. 5. Relationships among strains of the An. lewcosphyrus group.
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Table. 6. Age composition of An. minimes in relation to time of biting.

TLY 1 (indoor) WSS 1 {indoor)
No. ¢ 9
Time Parous No. ¢ ¢ Parous
NP p») Total rate NP P Total rate
18-21 0 2 2 1.000 0 1 1 1.000
21-24 6 11 17 0.647 0 4 4 1.000
24-03 8 10 18 0.556 0 0 0 s
03-06 8 12 20 0.600 0 0 0 —
Total 22 35 57 0.614 0 5 5 1.000
Statistics® x2 1.612 not tested
d.f. 3
p 0.657
TLY 2 )jverandah} WSS 2 (verandah)
18-21 3 8 11 0.727 3 2 5 (.400
21-24 13 16 29 0.552 3 2 5 0.400
24-03 11 15 26 0.577 5 7 12 0.583
03-06 12 16 28 0.571 2 11 13 0.846
Total 39 35 94 0.585 13 22 35 0.629
Statistics x2 1.078 4,979
d.f. 3 3
p 0.782 0.173
TLY 3 (open field) WSS (open field)
18-21 17 21 38 0.553 10 7 17 0.412
21-24 28 43 71 0.606 20 25 45 0.556
24-03 3 42 73 0.575 17 27 44 0.614
03-06 26 48 74 0.649 14 24 38 0.632
Total 102 154 256 0.602 61 83 144 0.576
Statistics x* 1.278 2.691
d.f. 3 3
p 0.734 0.442
TLY 4 (bush fringe} WSS 4 (forest fringe)
18-21 17 10 27 0.370 2 1 3 0.333
21-24 34 33 67 0.493 2 3 5 (.600
24-03 27 48 75 0.640 2 5 7 0.714
03-06 25 42 67 0.627 2 2 4 0.500
Total 103 133 236 0.564 8 11 19 0.579
Statistics x? 8.344 1.380
d.f. 3 3
p 0.039* 0.710
TLY 5 (high grass/bush) WSS 5 (high grass)
18.21 4 5 9 0.556 1 5 6 0.833
21-24 4 11 15 0.733 5 5 10 0.500
24-03 5 11 16 0.688 5 3 8 0.375
03-06 3 6 9 0.667 5 6 11 0.545
Total 16 33 49 0.673 16 19 35 0.543
Statistics x2 0.830 3.023
d.f. 3 3
p (.842 0.388
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Tahble 6. Continued

TLY (total) WSS (total)
Fime No. ¢ 7 Parous No. ¢ ¢ Parous
NP pb Total rate NP P Total rate
18-21 41 46 87 0.529 16 16 32 0.500
21.24 85 114 199 0.573 30 39 69 0.565
24-03 82 126 208 0.606 29 a2 71 0.592
03-06 74 124 198 0.626 23 43 66 0.652
Total 282 410 692 0.592 98 140 238 0.588
Statistics X 2.869 2.274
a.f. 3 3
p 0.412 0.518
TLY -+ WSS (total)
18-21 57 62 119 0.521
21-24 115 153 268 0.571
24-03 111 168 279 0.602
03-06 97 167 264 0.633
Total 330 550 930 0.591
Statistics x* 4.892
daf. 3
p 0.180

o}

nulliparous, * parous, © Variance test for homogeneity de the bionomial distribution, © degrees
of freedom, * significant heterogeneity.

Table 7. Results from biting collection of An. minimus by human bait method at two
villages in Kanchanaburi Province, Thailand.

Time (hr) Mosguitoes collected
Coll. site
I8 coonm 20 e 22 o 24 —— 2 — 4 —— 6 av. No. Time Total No.
1. Tha-Lamyai
Indor 0.2 3.6 2.0 4.4 6.0 4.4 20.6 5 103
25) 0.9y (17.4) ©.7) (21.4) (29.1) (21.4)
Verandah 3.2 9.2 11.8 10.4 9.2 13.6 57.4 5 287
(5.6) {16.0) (20.6} (18.1) (16.00 (23.7)
Open field 4.3 9.3 14.5 16.4 15.6 19.6 79.7 14 1116
5.4y (1. (18.2) {(20.6) (19.6) (24.6)
Bush fringe 2.7 10.8 20.9 25.5 24.4 15.6 99.8 7 697
2.7y (10.8) (20.9y (25.5) (24.4) (15.6)

High bush 2.3 9.7 15.3 17.0 8.0 7.3 33.7 3 161
(4.3) (18.0y {(28.5) (31.7) (14.9) (13.6)

2. Wat Siri Somchai

Indor 0 0.6 1.4 0.2 0.2 0.2 2.6 5 13
(%) 0 (3.0 (3.8 7.7 G.7 (1.7

Verandah 2.6 3.8 3.6 4.4 4.8 6.0 25.2 5 126
(10.3) (15.1) (14.3) (17.5) (19.0) (23.8)

Open field 3.0 7.0 7.0 6.4 8.5 9.2 41.0 14 574
7.3y (17.1) (17.1) {(15.6) (20.7) (22.4)

Forest fringe 1 2.3 2.0 2.0 3.0 3.3 13.3 3 80
(7.5) (17.3) (15.0) (15.0) (22.6) {22.6)

High grass 2.3 5.0 7.0 5.0 6.0 11.0 36.3 k) 109
(6.3) (I3.8) (19.3) (13.8) (I16.5) (30.0)
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HChd, (E 4 F4 5 EMEINCITRELE
Hio R4 5, HBGEEZMIC euchromatin
AR ASHAR LR BH, AEDEIMN
BREI RO S ABER Ui, HBLAaEY
FHEBANETRALBRDL, 74V FL a5 vy

i & RERIIERE L IE LEER LM & i 3 h
= (& 4, 5y,

2} ARt IR & R R oI5

EA = D—GAHE Y+ v 70 BRI R K
PIHFICREL & P KBTI CEPEAE L, #
W=7V 7 OEENE LRstk 3R 25 7 [ &
L, BEREHCREEETH - 13, K

Table. 8. Collection record, Total

. No. _No. _No. )

Species collecied dissectod Jssected infecied
An. aconitus 236 0 57 0
An. annularis 2 1 1 0
An. barbirosiris 13 0 3 0
An. campestris 45 0 5 ¢
An. dirus 26 19 22 1
An. karwari 2 0 2 0
An. kochi 30 0 5 0
An. maculatus 342 113 168 1
An. minimus 4961 1636 1767 8
An. nigerrimus 4 0 3 0
An. pampanai 4 1 1 0
An. peditaeniatus 44 0 6 0
An. philippinensis 322 35 58 0
An. sinensis 1 0 0 0
An. tessellatus 5 0 0 0
An. vagus 5 0 0 0
An. varuna 94 35 54 0
Ae. aegypti 15
Ae. albopictus 145
Ae. harvayi 162
Ae. lineatopennis 62
Ae. mediolineatus 47
Ae. mucidus 10
Ae. niveus 30
Ae, vexans 42
Cu. bitaeniorhynchus 4
Cu. fatigans 23
Cu. fuscocephalus 97
Cu. gelidus 2
Cu. sinensis 6
Cu. tritaeniorhynchus 1411
Cu. whitmorei 25
Ar. flavus 3
Ar. magnus 4
Ar. subalbatus 46
Ma. annulifera 4
Ma. indiana 21
Ma. uniformis 16

Total 8257 1841 2152 10
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Table. 10.

Infection record.

Qocysis

Month Species Station Time Size Sporo-

No. zoites

small medium large

Sept. An. minimus PC 4 18—19 27 X — —_ —
Sept. An. minimus PC 4 2223 2 — X — X
Sept. An. minimus PC 4 24—01 0 — — — X
Sept. An. minimus PC 4 01—02 3 — x — —
Sept. An. minimus PC 4 05—06 6 — hod —_ —
Sept. An. minimus rC 6 03—04 0 — — — %
Sept. An. minimus PC 1 03--04 0 — — — ®
Oct. An. minimns TLY 4 04—01 0 — — — X
Oct. An. dirus TLY 4 04—05 2 — X — —
Oct. An. macultus PC 11 0304 2 X - — —

BOBEC J YRR EER T ATFCHI LT 5
(B 5,

3) WEEROABMENILEBEHT L 5K
WD | DA ERE

= A RGPS 35 balabacensis i3 Rl
W b. introlatus v 1 b, BB EHb b0
BB TAMDBAA NS — AEEEAOY B R
EBHLTVB B Ly, — DERARI LT
ot BIEH B BH, FFELEL - OMPIH
FEMRE R O\ CHET 5 L SWRT EB DT
BHY, BRI R S WENRER S o— &
BB BT ) T FMICHT B BHHED
balabacensis O OFBCIBIE L, riparis %
LWL b, introlatus OHERTEA Ui BT
fECH 5O CHTEDEEfiRTH 2,

21-3 g xo~FTHRE

1) MERGEENSE: =w & -~= 5T BRHL
Cellia 0 — X Dy ¢,
pampani, varuni, flavirostris, jeiporiensis &%
NA, e aconitus, culicifacies 4 EEMTH
BHe winimus complex X minimus s.s. B
pampani B varuni B OGRS ST BN
DD 5, pampani TIEFTEESER S £ 4
SRR A B R B, L
L, AR RS o MR FZL © euchro-
matin & _ECOFERER OB Sy, ~
FesewFvOERNSERNIC AR LR S,

2)  AEREEME L ESERME: RMET (& 6

minimus complex,

o minimus s.§5.

7). EAGTEREE, sBUFHE, BARRNYWDL (38 8, 10),
For, BGHIE (8 9 OMEEEEL, W
THIECEEELMERL, FEEOLOLD
EL, e MRIME, FARERERE TR0
EEHOEC &, BRYMREAEYRERL T 5
FTRA O minimus (JIEEMCBEETH 5, ik
AT RZEI BV P EREERC R LB Tes
MG X O BRERZTFE 125 5 Tuvin b, atgh e
BRI HANR R B4 2 M ARl oA
R DB DIERO TEIRIE 05 rHE 14
KR,

2-1-4 Fofie-~ 5 Y 7t

An, maculatus VL= V4 o7 CREREN ST
BHEDAA TR X DBEENE LTV B
(% 11, 12, 13), zofidSnd - 2 2450
Eodbhal, REESTNENTHE. N
barbitostoris §f, hyrcanus ¥, aeonitus ¥, an-
rularis TERHEPERC BE L, BRFC KL
TR, =7V 7ERCBSE LT3 (3 11,12,
13}, umbrsous P~ VA 7T\ CEIEBEPT
N CEMRMEBEHFRACH S, BN
Weo=7 ) 7EEE R L, SEORRESRIT
Hobo

22 =wuvA 7T TiHNE

v A v A R, 2 A B o WE R
WEFE L~ vA 7 4 VT OENETH, BT
M. bonnae, anulifera yIiBDipiEiE ¢, KiE
TeREE OB AEARMEE LTV 5, b
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Table 11-(2).

Thailand (2)

Date & Locarities

Species

Jul. ’83

Udon
Thani

Jul, *83
Nakon
Panom Chumphon

Lamiian

Feb. "84

Feb, '84 Feb, 84

Chumphon g;%%?g

Feb. '84
Tunga
Ngok

Pangnga

Feb. '84
Karai
Takuatung
Pangnga

the

An.
An.
An.
An.
An.
An.
the
the
An.
the

An.
An.
the

An.

An. minimus group
minimns s.5.
panpanai

varuna

qconitus

ramsayi
culicifacies
annularis
philippinensis
maculatis

karwari
barbirostris group
hyreanus group
kochi

An. pyretophorns group
sundaricis
subpictus

vagus

tessellatus

karwari (addition)
An. umbrosus group
umbrosus

letifer

baezai

separatis
balabacensis

50%

100
15%

37

7%
16#

15%
38
7* 220%
100
100
50

2%
1%

30600

3

6%
170 200

2%
2%

25%
15%
150*

20

20

270

T
40%
250%
60*

150
200
120

200
8

15%
1#

Table 12.

Malaysia

(1) Biting collection on human

Date & Locarities

Species

Feb. '84
100 km north west
from Kuala Lumpur

Species

Date & Locarities

Feb. "84
100 km north west
from Kuala Lumpur

the An. minimes group

An.
An.
An.
An.
An.
An.
the
the

minimus §.5.
pampanai

varuna

aconitus

ramsavi
culicifacies
annularis
philippinensis
macilatus

karwari

An. barbirostiris group
An. kyreanus group

25

13
26
69

27
1

the

An.,

An.

An.

kochi

An pyretophorus group
sundaicus

subpictis

vagns

tessellatus

the An. umbrosns group

umbrosus

letifer

baezai

separatus
lencosphyrus group

83
17

11

(2) Larval collection at Gonbak area, State of Selangor
Anopheles lencosphyrus group

balabacensis introlatus
riparis

37=*
5%

PEEHT * DA T = v — o 7 B ESETEICR .
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Table 13. A comparison on prevarences of mosquito vector species by different geogra-
phic characters (1) infected Malaysia.

. Plant Narrow Broad Costal Blackish
Species hili ricefield valleys plain water
valleys urban inland fringe
maculatus 12,708 2,542 675 314 —
Infec. GUT 45 3 3 0 —
GL. 67 7 3 5 —
‘umbrosus’ 2,287 — 10 3,800 —
Infec. GUT 8 — 1 56 —
GL. 10 33 e
letifer — 4 — 13,339 643
Infec. GUT 64 0
GL. 60 1
baezai 1,865
10
17
umbrosus 3,435
14
15
barbirostris 759 758 1,747 50 5,461
Infec. GUT 24 13
GL. 14 2 9
hycanus 2,714 4,313 2,442 180 1,449
Infec. GUT 14
GL. 7
sundaicus 12,474
5
5

Table 14. Wing beat frequency of Anoepheles minimus at 5 days after emergence.

No. of Wing best Frequency (Hz) Ratio of

Taxon Sex tested Mean+S.E. M/E
KCH-1 Female 7 464.84+ 7.6 1.53

Male 10 713.1:4:22.4 '
KCH-2 Female 12 473 4+ 5.2 1.50

Male 15 709.3£10.3 ’
185G Female 11 482.5+ 8.4 1.63

Male 10 787.24:22.2 :

* KCH-1 and ~2 were collected sypatrically from Kanchanaburi, Thailand, and ISG was collected from
Ishigaki Is., Japan.

Table 15. A comparison of sound choice in
wing-beat-frequency by male mansonian
mosguitoes at Pacific Tin Company, Selangor
State, Malaysia, Septmber 8§ to September
30, 1985.

Wing-beat-
frequency 1st Ob. 2nd Ob.,  Average
(in Hz)

350 30 51 35.5

380 6 9 7.5

440 8 3 5.5

500 3 4 3.5

590 i1 4 7.5

¥ 4 E i
Numbers: Number of mosquetoes collected by B 6. IHBRHLEE R i< An. balabacensis
trap. fiadlicl
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‘Table 16.

attracted or not attracted to sound.

E
. stephensi
‘}‘“-_x_....——"k
* &
e L =
5 8 7 8

INSEMINATED RATES N,
100M-100F
100M 400F (300F FOR
Cx. paliens, An. stephensi}

o—0
sz

MATING RESPONSE TC SOUND IN,
100mM-0F

Pomma s am
C—-—0 300M- 100F
T 100M-400F (300F FOR

Cx. pallens, An, stephensi)

Percentages of female mosguitoes inseminated by males that were either

Age at start of test, days

Mosquito Sound
{group} attracted 1 9 3 4 5 6
Cx. p. molestus
(100-0F) yes 13 (40)* 29 (92) 34 (47) 7 (70) 13 (38 2 (43)
no 24 (50) 30 (71) 21 (28) 18 (20) 26 (28) 15 (24)
{100M . 100F) yes 22 (55) 22 (39 22 (27 23 (39) 26 (38) 9 (11)
ne 3 (33 9 (34) 24 (25) 16 (18) 24 (34) 10 20
(100M - 400F) yes 33 (24) 11 (1% 21 (43) — 0 27N —
no 18 (44) 5200 24 (33) 27 (37 0 (14) 0 (12
Ae. aegypti
{100M-0F} ves — 25 (20 51 (53) 19 (65) 11 (56} 19 (42}
no - 10 (42) 14 (21) 9 23 14 (28} 6 (34)
(100M - 400F) yes —_ 10 (52) 3 (34 0 (3 6 (36) 0 (14)
no — 9 (25) 0 (30) 4 (34) 0 (32) 0 (22}

* The figures in parentheses are the number of females dissected.
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Fig. 8. Age structure of male mosquitoes col-
lected resting, swarming and responding to
an acoustical trap in nature.
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Table 18. Most effective synthetic overcrowd-
ing factors against Culex pipiens molestus

Larvae.

Compounds LDy, ppm
3.Methyipentadecanoic anid 0.6 (4.87)*
3-Methylheptadecanoic acid 0.2 (0.09)*
3-Methylnonadecanoic acid 0.05 (0.06)*
3,17-Dimethvioctadecanoic acid  0.15 -
2-Methyl-3-pentadecyne-2-ol 0.65 —
2-Methyl-l14-pentadecyne-2-ol 0.18 —

* Tested apgainst Culex quinguefasciatus. Y. S.
Hwang et al., J. Agric. Food Chem., 26, 557
{1978).

IR (7 Axadk, KEBEARY), TERgED
EE (CEHECZERES), FIOM#M (T as
A EETHIEIEBOLERRE L EDEEOH

Synthesis of 3-Methylalkanolc Acid

B >WC, £ 50 HOLAE AR LR L
o

B R T AR R o 5L - 6-ethlhexadecane
DOTERIMES (1) ik LU () R ERL,
WEE7 A F A EOEE LTI RERERT O
AL & S E oMRLHR Ui,

FOFER

) HelieET s REKE 74— B
WIEHITEM AR & oty LnL, 3 18 i
AT X CIfrissnftse B4 2R R
(Cr~Cy @) BIO Cy QEEH‘%%%ﬁTé 2
W7 =2 — o 6 RO, REFO~ T
v v EARBREOBEERLE (& 18), DR
B HE & DALEREMIC X - T, XoERLE
EHEDEOMRENTEE Bbhd,

CHz CHa
COEt 8 MgBr g /k(co;Er 50 % NgQH
COzEt Cucl COzE? rfx.
CH CHs
CO:H _70% HeSOs L __.COH
R
R COzH rfx.

\/\/\/W\/\)\/COZH
\/\/\/\/\/\/\/\)\/COZ H

Scheme 1. Synthesis of 3-Methylalkanoic Acid (I}

1) NaAlHz2(0(CHzl2 OMe] 2

2) a-Buli, n-CliH23Br /{\ NoH
C=CH CaC/ NN T

OoH CH

HzN (CH2)3NHz

P PPN =R SN E-17119 NP
OH Py.

Ha/ P10z /l\/v\/vv\/\)\( COosk

cozEt

CQzEt
c COzEt
2\ o )\/\/\/\/\/\/CEC
_— COzEt

CucC)

£} O’ hyd.

2}4,Hz2504 /J\/\/\M/\/\/k,co:m
~C0z,—EtOH 7 3

Scheme 2. Synthesis of 3-Methylalkanoic Acid (II)
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2} T vF A dEDEE LTV BTRFKER
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Eiddbodn ots, Tiideh, BEMEOCHEF €
ETTERIETE BT THES, coo g
B, EREHIFHDE oS LRFNR FE AR
=

3-22 ZEERES M EOEH & ETER:

) fESoELT 2EMBESIWE (7, 11-
Dimethyl-octadecane) ([ 10)

Ty XA =HDEMFIIHE LL T, Ps
aeroginosq O-EEI b, » 7V vEBARF— L
B S i B M 0 RANT 7, 11-dimethyloc-
tadecane & % (Ikeshoji, 1979), L& L, &
Lice 4EO 5« 3 O ETEM T, KRGO
#1353 Thotzy, 20, T I FLHEETS
AEOIRREEY () (~)rrtrire—aAkl
O (R)A(+)-7 v T v REREE & T 5 5 5RIRAD
FETHER LA (R, 1982), £%REB0iE,
VRS RBBOR 2.5 OFETE EF o0,
Lich o T, RAHPRRM <1 - —RonH
EL, BPFE LT BLD EHEES R
bo FHIDTA F—WHERETZ L THR
m DIEEORARIECE B,

2) Ry AA=HOILYSWERICEIRE

Fig. 10. A sound trap set on a black cloth as an artificial swarm marker spread beside

a paddy. 2. Male mosquitoes approaching to a sound trap in response to sound. 3.
Male mosquitoes stuck on the inside wall of the sound trap.
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5455 (erythro-6-Acetoxy-S-hexadecanolide)

a) A LEERTFTE

Fy2A4 0P ENHTMBEL LT
Bast (la) A Va) Bp#shs s AL
Pickett HITaR& Lice 2 TRAMH DMk RS
wHIEL, SMFEE L ARRE0RRT oV
B L, Bl =Y 2 e®o (la) B 10° ('a)
D A VAo (Ib) 5 LU (YY) @ 4{@057
e St e BESRE 3 DS EURRBE T, JERERTR 100
% WAL A Lice £RB R, Eok
it (a) Th-oio (3 19), FoHE T A Pickett
HhREEDZ ERIE LT B,

KB BD A =H G (FH1=h, Thd=

CHO

HO
%] X3

) R LTSS EBEE AR LR,
A4 wzh, LI HOEINCH LTS
=, BAREAN bttt ok (Fa) &
ETFOHEND ot R (la) E+ 5o
3EE O REHARREARRT (H) HF (- @
PTFRARERMN -7 20, 1D, XsT
(la) & (Va) EREEH (7)) CHalk
EHRHENHADT, BHTHELEBTED L
SRR SRR R RELT L (B 4),, ARAR
7 e AN OR X0 R HREGAD SR b F
FAcEsBhiaRETHBE, ik, Bohi
() FERERESRTIEL, e E R
T, FHFIKAHL, BeoEks o (—) #x

OH
e /\/\)\_-E/\OR —
OH

A/\/cgﬁ\/\/%zif\/w\
6 OTs 5

o]
C?\/\/\/\N\ @\/\/\/\/\/‘
oR 5r
I0'¢ R=H 10 R=H
(5R,65)-(—)la R=Ac {55,65)-(—)-1b R=Ac
Q
QAc )
CHO (55,6R)-(1a)
Oy —— — — +
ok

oA
¢ (5R,6R)-(1h)

Scheme 3. Chiral Synthesis of erythro-6-Acetoxy-3-hexadecanolide.
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JCEEHEE 98.5% LI EoECE LR,

b) ISR B A RE

BRODF - R ERLicborHuF b4 =
7 DREEINRIRME & P~ S, A5t 0.8~
8 ppm - (SR, 65), (58, 6R), (5R, 6R), (58S, 6S)
EDIRTHUTEERR U, LA L (SR, 68) 1k
Lo Btk X DEAC X o TR LA Ui
o Te Cx. p. pallens T4 G cfEREATRL, F

Table 19-(1). 4 = AR+ 2 LIS 114
(CHOICE TEST).

(55, 6R) 20 (55, 6S)
(58, 6R) 2L (5R, 6R)
(SR, 6R} .12 (5, 63)

(5R, 65) 21 (55, 6R)

R, 65) .*2 (55, 65)

(5R, 65) 22 (5R, 6R)

Congcentrations of compounds tested were 0.8 ppm
All oviposition rates are significant at 52 level.

Table 19-(2). Oviposition Preference of Culex pipiens molestus against the four Stereoiso-
mers of 6-Acetoxy-5-hexadecanolide (choice test).
A 10ml quantity of aqueous Triton X-100 (2 ppm} containing the test substance (0.8 ppm) was
added to 4.7 cm-diam glass dishes, which were placed side by side in a 30x30x30cm screen cage in the
evening. After standing for 1 day, the dishes were taken out and numbers of egg-rafts laid were coundted.
The values above the arrows show the oviposition attractant rate.

(5R, 6S)-(—)-{la) 2 (55, 6R)-(+)-(1'a)
(5R, 65)-(—)-(1a) &2 (55, 6S)-(—)-(ib)
(SR, 68)-(—)-(1a) 22 (SR, 6R)-(+)-('b)

(58, 6R)-(+)-V'a) =2 (58, 65)-(+)-{Ib)
(58, 6RI+)-(1a) 2= (SR, BRI+ )-(I')
(5R, 6R)-(+)-(I'b) <= (5, 68)-(—)-{1b)

to Ae. aegypti, An. stephensi woxblTix, &£
PR LSRR R S e nic, Lioata T, =
D7 2B EVTHALE L A,

LT =wEERN N —— 7 4 FTTE

Table 20. Oviposition percentages of three
different species of mosquites to the four
isomers of 6-acetoxy-5-hexadecanolide at
0.8 ppm,

(SR, 65) (55, 6R) (3R, 6R) (58, 65)

Cx. p. pallens 97.6%%  60.2% 50.0 49.7
An. stephensi 38.9 41.1 53.9 58.3
Ae. aegypti 50.8 58.5 44,7 22.8

*: significant at 59 level, **:; significant at 195
level of of r-test.

H’I % H Hl HJ
Ammﬁy&vv ﬂmﬂém&vv

(7R, HRME (7S, IRME

/\/\/\’/(H/\/(F/*v\/ N
AN AAAéN&vv

(TR ISk {7S,115H%
Fig. 11. Four Diastereomers of 7,11-Dimethy-
loctadecane

HFA LIk A, 1~100 ppm ¢, Cx. tarsa-
lis, Cx. quinquefasciatus 351, 2 f5BEOEI
BB L, M7 A7 5w 10ppm LBAETS
E SR is o i,

3-2-3 BRI L gD B~ G
WA, HET7 Vi K BERESSHHE S
WED, Lo RREONEAGRCIERT L
wIEA L, gl b 0B By 55k
BEN R, ~~FFH, vTH, A=
, R HREAALRD,
SRFBAEFAIRICEAT 288, 2vh, =24
Z~= &7 H i 0.1 ppm 24 BSHER T O
EpiZbh, Wit 7~10 Hbd s { by
o TWB, B BIEMER B CHS

FHNEZ A O aH g~ g7 hIEETEOKBL
Wb, i, FesEcl e VIS~ v g
i BRI BT 3 RERA~OEAN IS
nD, HHEHS B THESTH B,

4 A="=OHREFAORE LIEEFO
B BET B TFSE

1940 8% T, A == EE R
MEDY XX, HEA XY S BRhTuwizh, Foidk
Wk Y Befafk LOEERERT M pE Ak
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= 21.

i o s o EIRRINE (%) 0.8 ppm.

(5R, 68) {55, 6R) (3R, 6R) (58, 68)
Culex p. pallens (7 54 =%) 97.6%* 60.2* 50.0n-s- 49 7n.s
Anopheles stephensi {~= &3 H) 38.Gn.s- 41,1n.8 53.9mu.s. 58.30.s.
Aedes aegypti (v &2 A v=H) 50.8n.. 58.5n.s. 44 7o.5. 22.8n.5

*; significant at 59 level
*##;  gignificant at 195 level
n.s-: no significant

_OHp, PPTS .
¢l ’\(g;"OH CHzClz

Cl “ e OTHP

(4

MNal/acetone

HC=CH, NoH | ™"~ 0THP -
]-8r «——————— RCH=CH n R-="~~"~-0THP
o0 DMS0 2 n-Buli, THF (s)
R
pTSOH, £ =n~_OH Hz / Ni{OAc)2 Ko~oroon
R oH
POC . No~cooH _TBHP 0503 g A ~~coon
AME acetone OH
(8) erythro (9)
Q o}
p-TsOH 0 Ac20 o
@ R pyridine R
OH OAc
4le}} erythro {11}

R:CHz{CH2)7
CH3(CHz2)s
CH3{CH2)n

Scheme 4. Stereoselective Synthesis of (=)-erythro-6-Acetoxy-5-hexadecanolide and its

Homologs.

CHEEE Ui toed A BoHiad# kL, —o
M RS SHELERIMS IS o,
THEERES M oa LT s SRR by il
EET F offEL#HEI i,

Tiniet, A =l OFEIEINE (AJAL A WHE
Huffht o b D) CiEERERT F v
Wi, F AT oo M BFeah
ROz LACE D, TOREEFRALC, Bk
Licifis b Ly 1MF Rek ol (I,
X/X) LR EE D, TRz BT ik

P BT D0 B,

Hpk AT M oy, EiETHE E O
BTV CR D M BTREOTFRPCORE
doo T S HE TR+ 5, HR4E Liclis aabys
B (5 OB REESSETRMAE T TR
XR T, HEREER oV TR o
LR B, Bt F, Oy aabys RO
Mo B LRBE LT F, ke85, oo F, D
o b, ERBHORRESEYRN, RLK
oo F, foRETFHYHD, EbLThd
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DREFRYBETH L X oM OBETFELHE SN HARSMORE TR~ (B 12, 13), €0
ETE Do FERR O FARIHTE %,
EfEFEERAGT, 1 == 0SBk IER () IEWe XY HOAOYERITIER T

Alginomonas nonfermentans NOF-5 (2days , 30°¢c , shaking)

0

[o]

Ofc (£} -arythro
incubated for 3days at 30°C

centrifugation (10.000 3 g , 10min.)

l |

Cell Sup
extracted with ether
R
Aqueous layer Ether layer
evaparation
silica-gel column
chromatograpy
Q 0
@/\/\N\/\ CQYWW\
One oH
(-1-{5R, 68} {+}-(5S,6R)

IE" -38.0% (c=1.0 cHer)
[[ot]?,’ -30.8° {cr1.53 cn—«cu)]

Scheme 5. Optical Resolution by the Enantioselective Hydorlysis using Alginomonas
nonfermentans NOF-5.

200%,

S0
80 |
70 -

60 -

50

% Oviposition

40 r

30 r

! Il 1 I 1

0.08 0.8 4 g 80 A

Tlactena concentration

Fig. 12. Oviposition preference of Cx. p. molestus of the four isomers of 6-acetoxy-3-
hexadecanolide. The bars indicate the 95 confidence limits.
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