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AV RAVTHRAVNUEO IEIONT, FABURZOBIEFEZREHEOT
RYREEERB L7, COMBHABICETID6-7T r HAHIC T ARV TS =itk 3
HEHBENER SN TH D, LETIPADPSIRE L, FEABBELIT - 745
B 31% (62A) hofMohroFERABKRIEI M. BonHFERICHEZL LU
FHERADONED - I, BHEBORELENL > DO Utan 02K TH D, K
VT Labanka (39 %), Penyaring® (16 %) JETH »7z. #ilidhicFE R3S
(Trichuris trichiura) WEELSTETH Y, ROTH#H (hookworm) T - 7z,

A post-treatment survey of intestinal helminth infection was conducted in three vil-
lages on Sumbawa Island, Indonesia in August 1997. A total of 199 subjects, who were
given a dose of albendazole in December 1996 and /or January 1997, took part in this
study by submitting fecal samples. The overall prevalence of infection was 319, with
no significant differences between males (32 %) and females (30 %), or between chil-
dren (30 %) and adults (over 15 years) (32 %). The highest prevalence was seen in
Utan village (42 %) followed by Labanka village (39 %) and Penyaring village (16
96). Trichuris trichiura was the most common parasite detected, followed by hookworm,
Ascaris lumbricoides and others. The mixed infection rate was very low (5 %), as was

the infection intensity.

Key Words: Reinfection, Survey, Intestinal parasite, Soil-transmitted helminth,

Indonesia
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Introduction

Intestinal parasitic infection is one of the major
health problems in developing countries. It has been
estimated to affect some 3.5 billion people globally,
and 450 million are thought to be ill as a result of
such infections, the majority being children (WHO,
2000). Infection rates in some areas in developing
countries are close to one hundred percent (Imai et
al., 1985; Rai and Gurung, 1986) and have been
attributed to poor hygiene and sanitary conditions,
a lack of education, and poverty. Polyparasitic
infections are also common in some areas (Widjana
and Sutisna, 2000; Rai et al., 2001). Of these,
soil-transmitted helminths are predominant (Auer,
1990; Widjana and Sutisna, 2000).

Indonesia is a vast country in Southeast Asia
comprised of numerous islands. As it is a developing
country located in a tropical region, many tropical
and infectious diseases are ranked in the “top ten”
diseases of this country (Rai et al., 1998). The
reported prevalence of intestinal parasitosis varies
considerably from one study to another (Stafford et
al., 1980; Bang et al., 1996; Uga et al., 2002). Soil
contamination is common, even in and around big
cities like Surabaya on Java Island (Uga et al,
1995).

Sumbawa is a small rugged island with volcanic
ridges and fertile green valleys. The present study
was conducted in three villages on Sumbawa Island
in August 1997 to evaluate the re-infection with
helminth parasites of subjects who were given a dose
of albendazole either in December 1996 or January
1997.

Materials and Methods

This follow-up study was conducted in August
1997 in three villages, Penyaring, Utan, and

Labanka on Sumbawa Island, east of Bali. A total of

199 individuals took part in this study by submitting
their fecal samples in clean, dry screw-capped plas-
tic containers distributed earlier. Informed consent
was obtained from all subjects. The age, sex, and
area (village name) of each individual were noted.
Fecal samples were labeled, fixed in 10 9 formal-
saline and transported to the laboratory of
parasitology in the Tropical Disease Center (TDC)
in Airlangga University, Surabaya (East Java).
Parasite eggs were detected using the formalin-ether
sedimentation technique, and fecal concentrates
were examined microscopically. The findings were
grouped according to age, sex, and location.
Statistical analysis was conducted using the chi-

square test.
Results

Of the 199 subjects in this study, 62 (31 %) had
helminth parasites (Table 1). No differences were
found between males (32 %) and females (30 %)
(P >0.05) or between children (30 %) and adults
(over 15 years old) (32 %) (P >0.05). The highest
prevalence was seen in Utan village (42 %) fol-
lowed by Labanka (39 9%6) and Penyaring (16 %).
The prevalence rates between Utan and Penyaring,
and between Labanka and Penyaring, were statisti-
cally different (p>0.05), but those between Utan
and Labanka were not (p>0.05) (Table 2).
Trichuris trichiura was the most common parasite
detected, followed by hookworm, Ascaris lumbri-
coides, and others (Table 3). Only 5 % of the study
population showed mixed infections. The infection
intensity was found to be low (one to five parasite

eggs /wet mount; 18 X 18 mm).
Discussion

Recently, we reported a low rate of intestinal
parasitic infection (10 % by Kato-Katz, 31 9% by
AMS & 22 % by Sucrose floatation methods) in the
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Table 1 Prevalence of intestinal parasitosis on Sumbawa Island, Indonesia

No. of Percent
Category specimen positive positive (96) P value
Sex Male 103 33 32 >0.05
Female 96 29 30
Age-group Children 86 26 30 >0.05
Adults* 113 36 32
Total 199 62 31

* Over 15 years of age.

Sumbawa Island, Indonesia

Table 2 Prevalence of intestinal parasitosis in three different villages on

No. of Percent
Village sample positive positive (%)
Penyaring 76 12 16*
Utan 62 26 2%
Labanka 61 24 3gr**
Total 199 62 31

*, k% 1 P<{0.005, *, ***:P<0.005 *%*, x** :P>0.05.

Table 3 Parasite species detected on Sumbawa Island, Indonesia

No. of

Percent
Parasite samples positive positive (96)
Trichuris trichiura 199 62 31
Hookworm 199 22 11
Ascaris lumbricoides 199 20 10
Vampirolepis nana 199 1
Enterobius vermicularis 199 1
Mixed infection * 199 5

* Two or more than two parasites.

capital city of Indonesia (Uga et al., 2002).
However, in a rural area on Bali that is close to the
present study site, the infection rate was reported as
being one hundred percent, with a mixed infection
rate of over 90 9% (Widjana and Sutisna, 2000;
Stafford et al., 1980). A similar report was made on

another area in Indonesia (Bang et al., 1996), where

over 859 of the subjects were reported to be
positive for parasites. In the present study, however,
the helminth egg positive rate was low, as was the
intensity. This appeared to be due to the health
conducted by TDC,

Airlangga University and investigators from coun-

study program jointly

terpart Japanese Universities and the consumption
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of anti-parasitic drugs by locals (drugs were made
available from local health posts called Puskesmas).
The infection rates in the villages varied from 16 %
(Penyaring) to 42 % (Utan), but we were not able
to clarify the reason for this. During the first survey
conducted in December 1996 and /or January 1997,
villagers were given a single dose of albendazole. A
precise survey of helminth prevalence after the
treatment was not conducted in the three villages.
However, about 10 % of the people in Utan village
were positive in the survey performed in February
1997 by the local government staff (personal com-
munication). A single dose of albendazole, a drug
belonging to the benzimidazole group, cannot eradi-
cate T. trichiura infections completely. In some
studies, a single dose of albendazole (400 mg) pro-
vided a cure rate of only 44 9% (Hanjeet and
Mathias, 1991). The need for repeat doses of
albendazole, especially with moderate and severe T.
trichiura infections, has also been reported (Hanjeet
and Mathias, 1991). In any case, the present study
suggested that about 6 to 32 96 of the people were
re-infected during the preceding six to seven
months.

The most common parasite detected in this study
was T. trichiura, followed by hookworm and others.
- This appeared to be due to the consumption of anti-
helminthic drugs. These re-infections might also
have occurred after consumption of the drug six to
seven months earlier, as indicated by the presence of
A. lumbricoides eggs. Recurrences in the incidence
of A. lumbricoides and T. trichiura infections, nearly
reaching pre-treatment levels nine to ten months
after mass treatment, have also been reported in
Indonesia (Imai et al., 1985) and India (Paul and
Gnanamani, 1998). Many epidemiological studies
on intestinal parasites in Indonesia that found both
species of hookworm have been reported. However,

the number of the studies that differentiated one

from the other is limited. Higgins et al. (1993) and
Nurdia et al. (2001) carried out surveys in the
Flores and Java Islands, respectively, and found
only Necator americanus; Ancylostoma duodenale
was not found. Sumbawa Island, where this survey
was conducted, is located between these two islands,
therefore, the hookworm we found in this survey
might be N. americanus.

In neighboring Bali, two-thirds of the study popu-
lation has reportedly been infected with mixed
helminth species (Widjana and Sutisna, 2000;
Stafford et al., 1980). The low (5 %) rate of mixed
infections seen in this study indicates the effective-
ness of the anti-parasitic drug taken six to seven
months earlier. In addition to the significantly
reduced positive rate, the low intensity of the
helminth infection in the present study was an
important finding.

Geohelminths are known to cause various kinds
of morbidity including physical and mental retarda-
tion (Rai et al., 2000, 2001; Sakti et al., 1999) as
well as death (WHO, 2000). Although the present
study showed a reduced incidence and low intensity
of infection, indicating the positive effect of chemo-
therapy, an integrated control program targeted
through schools (Bundy et al., 1990) appears to be
essential in controlling enteric parasitic infections

on this island.
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Mutagenecity of various commercial and home-made Pyroligneous Acid products
Osamu Komagata D and Naoki Motoyama (Laboratory of Pesticide Toxicology,
Faculty of Horticulture, Chiba University, 648 Matsudo, Matsudo-shi, Chiba 271-8510,
D Present Address: Department of Medical Entomology, National Institute of
Infectious Diseases, Toyama, Shinjuku-ku, Tokyo 162-8640, Japan). Jpn. J. Environ.
Entomol. Zool. 15:231—238(2004)

Attempts to evaluate the mutagenecity of twelve commercial and seven home-made
pyroligneous acid (PA) products employing the umu test were unsuccessful because of
the presence of anti-bacterial components in the products, which inhibited the growth
of S. typhimurium, the bacteria used for the test. When the assay was conducted with di-
luted solutions of three selected products in the range 1~10° ppm, positive reactions
were obtained in the presence of metabolic activator S-9 Mix, although the Ag3p values
obtained were too low to confirm their mutagenecity. However, when several PA prod-
ucts were subjected to the umu test after removal of the anti-bacterial components on
Sep-pak tC18 column, they all showed a positive reaction for mutagenecity. The simple
clean-up method employed in the present study appears useful for evaluations of

mutagenecity of samples such as PA products that consist of multiple components.

Key words : Mutagenecity, Pyroligneous acid, umu test, S. typhimurium, S-9 Mix

THIRABER 1278 & BFUARIK THBOK 4 DERKIC OV Tumy RRICEVER
B AR Uchs, KEHEOBREE IS 2 HBERED 72 ICBHEN T X » 72,
Z I TABHE 3 FEBAT, RERICXT 3 HBEBRT 570010 1~10°ppm I
FRUFARICERFEEZHRE L. REFORERIRBD L, S-9 Mix WEEHT
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THEHRISER U, Bon BB gEEREL TR LRV THD

ERFHIIEI TSN -/, —F, BFEEREHR % Sep-pak tC18%7 7 L & U TH
SHNCHEME 2B LB CTRBORE E1T - 72841, #E L aAREREaTHx
S-9 Mix MLEIC & » THMERZBFERBHRISZR L. KR THOHSE
BHHT, ABFKO XD WREBRS D ORI EMORRFHAME ITHRE T 5 Hik

ELTHHTHBEEZ OGNS,

EC®HIC

AKREEHK « VTHER (LITARERKEFRT 5) 13K .
e EEORIENTH Y, RERBRENTE
BREGME L TCERSNWIGES TS (B4A,
1996 ; 231, 2004). REEEICIE A =3 (7H -
R, 1968) ¥ < BV (FERELEMEHR, 1997
I L TR RS 2 E N HER, BEH A
LV (FHBH, 2001) XU TRREREMND B
o EERS B,

FIOARRRRIE, ABEREY - LfE- T TR
A ER LTINS I &S, FRKISAED BIEIKE
BEWIEIC > TR SN BRERAZE LI
ERE FENREM) oML LTHEREE
WT3 (OARBZELHE, 2004).

—HEZSEABROERNIZDNT, EL0E
HPBRERE R LUAZBRICREREL X0 Fo
YRV A MY UBBASh T I E S ORI .
Rahman, 2004 ; Rahman and Motoyama, 1998),
EHFBREIENDH 5 &0 ) BREOEKBRHKICIE, &
BALFBERBASA T Wb 2 EFEED
6 SRR (BB « &1L, 1998;1999), BEFEA
BIETA I EARRLA. &oic, EBRICKAHETN
Bt KO RBARER MR LT, BEHERE
NTV B 100 EFHRITIE L, 10T &
WD BRI A E LT SR o B YE R
B U TR R 3 o e, BiEE R
LT o I0RERRB~IE M2 0E U T PiREhEM
AHonimnz & (BB« &L, 2004a;2004b)
EHER LK. #- T, AR O REREEM &L
TOERMRITITER IS 3.

/o, AEHRERERBEME LU THEAT S
AOREHIIOVTE, BENBARNITZEAE
R7z 5700,

KB, K& —IVici3200% B2 2850 nE %
hThadEahTEh, £hoDEsHT, AR,
T/ —IVE, ANEZI, TIa—i, 2D
TPLERS, BEFICHETES (RMMTE VN
Ty 7 RERHZ, 19824F).

i (2003) FChoOEATI, THOER
B, R, AR, R M EE bR
HDHIEEREMLTNS,

FEES I L UArsL (ByJE - &1L, 2004a)
KBWT, £« TERTRGEE X OREEE
DO EREN U IeAREERRIC DV CEER S 053
W17 - 7okE R, Mg (2003) MIRRL A EY
B8N TOWAZ EEBRA L. 2L, TR
OARFFHEDOREIZRR o2& MnH D, itk -
TIZ10iEL Lo B s hz,

B OB TOE/IT DL TIIEIZE L o
Wby, FIZERT B LTI IARC
(International Agency for Research on Cancer)
D& BEEEBE TR VHEOFMMAIE I T
5. LirL, KEEKICOWTIRIBESHTH 3 &0
I oMU FEOE S >EbH Y, AR
KRTEERBEM EZOVAB RS, T X
T A aEEN Gl s, 1964) LA, HHEE
O RIZITINT I o1z,

AFLTIL, Higk (B » 401, 2004a;2004b)
THOD LR UREETIRG, BLURMEEE
2 SEEERI U 72 RFEFRIC D0 T, Mo
—D&EULTEEFERBRRBRTHI 2 umu B %2175
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AEH » EERO K RIRTE

TREREHET D,
HEERE

1. HEAREER

HRE UL AR AR LICRLE. IO 5DOREE
W o WEEE O TERS S TUEE S S IR RS
P Lok A s a2 B> TR EE -
A1ll, 2004a;2004b) ICREH LB TH 5.

umu BRI HRRNEH ORI AERRT OHEBRF »
N, ATy 7®R M, %EB (S typhimuri-
um), B, S-9 Mix, Bty E (Furyl-
furamide & 2-Aminoanthracene), FEBEXYE, Z1k
HiEFEy MiIcHBObOEFAH LK, ZOMOR
IR OFFR D EFER LI
3. KEFEDOEHAESR

—IOAEEH (C,F, G H,M7) iZ>W\TEM
M E1T - 7. B RERK © pH I3 2.6~4.7 D

&1 EARERRK

B -tz T (B « AL, 2004a), EMH A T L
I3 Waters #1 0 Sep-pak tC18 (1g) * A 7z. [H
My S L2 7& ~ o 10ml &8 Lk, 228/K10
mAZBELIVF4va v %fT-1. D
%, BETH 5 AREROFERA L IR TH 3
KB kA 100mLEH L7z, Z0O%, ZHK0ml %
WKL TH S LABELLE, HIOSHERER
FILCHEBREYE, T b vioml TREYZEH
L7, WK IZ40°CU T OBR TRELANLE
FZLRMTTTE N EZEBAILTImO YV AF
WZRIEFY K (DMSO) #IMA CEBHEY =E
BIEEIC, BYKEMATIONIE L, &
W ERE D10 EBHEHLEE SXUHEICERYK
ZRAVTI04E (FEMASRE), 100 fHR LK
(FH D10 ERHRFA LGB £H8MEE L.
738, BKEERIRKE LK 1ml/minTH - 7z,
4. EERMHEHER (wnuiiR)
AHHEOERFEM A umu BB THRE L. B

Product

Manufacturer, Dealer, or Temperature
at which product was collected

Keiyo Co. Ltd. (Made in Malaysia)
Apurotto Co. Ltd.

Kamimura Seitohjo Co, Ltd. (Made in China)
Apurotto Co. Ltd.

Yoki Sangyo Co. Ltd.

Wako Mokuzai Co. Ltd.
Made in Otaki, Chiba Prefecture

Airisu Oyama Co. Ltd.
Takuto Co. Ltd.
Shimada Shoji Co. Ltd.

Group Code Trade Name
A Joryu-Mokusakueki
B Joryu Seisei Binchotan-Mokusakueki
C Joryu Chikusaku Geneki
Commercial D Tokusan Chikusakueki
Product E Mokusaku Geneki
F Shikoku Konpirasama Fumotosan Chikusakueki ~ Shikoku Tekuno Inc.
G Junsei Mokusakueki
H Mokuchikusakueki
. Yomogi Sakueki
Commercial . .
. 300-fold Diluted Mokusakueki
Diluted e
Shokubutsu Mokusaku Ikiiki-spray
Product

Shimada Shoji Co. Ltd.

Home-made
Product

1

J

K

L Shokubutsu Chikusaku Ikiiki-spray
M
M

(Temperature) 84 °C
82°C

86 °C

97°C

122°C

186 °C

200 °C
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FldF o MBS TOE 22T VITHEST
UTOFIETIT- /e, BBENTHEHRER (S
typhimurium) HIEBHEZERICEL, 1ml%E2H
HEE BRI AN BEMCEEL, SR TIOSM
BiE L7k, 37°CT I RRRIERES R L. KBS
PEALERER D S-9 Mix 13, BT ®RGICEREK
Imla Ah, X EELE BEATH 2 KRERIL,
HER 1 TR E, EBR2 TRAKI00EAKE
Bk (1~10°ppm) %, £E 3 TR L Fik
THMER U AR EZHR L LT/ 7 0
Ay —=TL— b DEY L VITZENENIONLT
SHEL . F78-9 Mixic X B R ETE L E
DHEELZOBEEPEELT, v PCRE
O Furylfuramide %, fAHHEHILELE LT 26
HREEE LCRACL F v MZREEh T3S
2-Aminoanthracene % 4% %# DMSO IZ 5 S € 7 1%,
EEKTHRL, AFB EEMBEIZIOu]ITH>HE
Ui, SRS LABRERBERLELEE L
7 2 VIZ100 o5 L. B oEHRKIZE,
ZD10%ITHETE2RDS-9 MixEMA, fLHTE
WAL EBEETE Y 210012430, 7
L — bE31C, LR T T2 REMEZE L k.
CKFALTEBOREEET 2427 £ JVIZ100
plFo3EL, 371CTIHHEA v FaX—v 3
v Uk, RIGEIEEE2Y 2 V2100413 25
HLU7 348, BRANKELLE <1 /7a7b—
MY — 4% — (EIx808, Bio-Tek Inst.) ZHW T,
BEAVEKE6Onm OENE (Aay) THIE
Lo, LR K% 1T ST 60 MY = VO RE
EAEFKZEIXIODMIELK., B8, Seppak
tCI8 4 5 LTHIAER L e AT OB Y =
1243, ZEKI100ml A A T A U T RIS
BLEY IV ERNE.

ERLER

B R OBEE —RE (Aa) HFRITIE1IITR
L.
RER1: FRICHT HEEB
FEABRRORERER O Icumu B ORI

1.2
1
0.8
(=3

0.001 0.01 0.1 1
Concentration (ppm)

0.8
& 0.6
0.4
0.2

0 i ' J

0.1 1 10 100
Concentration(ppm)

H1 ZREEHRRICETIGEAHOBE R
BFEE (Aewn) Hi#. A : Furylfuramide (S-9
Mix FEMLF), B : 2- Aminoanthracene (S-9
Mix JLE)

K2R L, FRAE O~L) &8-9 MixFEQL
HFTORBERCARVICTHRANGR, HBREKR
I3 EDICMAENAOMELLE -/, Thid
umu AR TR O IREES. typhimurium O £ EF 8
RSN Z EARLTWA., i, &2 THR
LcRBER D% < &, Al (ByJE - AL, 2004a)
TiNFo T &L, BICECEE TIPS -
DIREMUR I U THEEER L L0 2 &
&, FIREEED S IBEEER RV LTIV T & NE
oA TNE I &b, BREBEICTT 34
HHERSRTHENLIETHS, FRL (A
~L) OBAEBEA I LD ET L3RG EBENE
L BOWIHICEREENRI 5 -DTH
A5, LhL, ThoiconTHRAEIZEL,
Bt o R/MEHBERE S LT AUT
(B1) THo7. 4B, $-9 MixFHETFTTOKR

— 234 —



AERH » EREROZERE

K2 wmuRBTREUSEAEROS-9 Mix M8 E L UOENE T IcBiF 2L REMHE
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Adult population sizes of ground beetles (Carabidae) in a forest and vegetable field
in Nagano Prefecture, Japan were estimated using the removal method. Removal
collections using 15 pitfall traps with a lactic acid beverage were conducted at 40-m’
survey sites enclosed by a thick plastic sheet for 10 days in September 2002 in the forest
site and October 2003 in the field site. Dominant species were Synuchus cycloderus,
Pterostichus subovatus and S. nitidus in the forest, and Harpalus griseus, H. sinicus and
Amara simplicidens in the field. Population sizes within the 40-m* sites and the density

(/m?) of total carabid beetles and dominant species were estimated by the regression
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and maximum likelihood methods. A total of 250 and 176 carabid beetles were caught

in the forest and field sites, and estimates by the regression method were 254 and 180

individuals, respectively. Estimates of dominant species and total carabid beetles by the

maximum likelihood method were almost equal to those obtained by the regression

method. The observed numbers caught from 10 trappings were almost the same as the

estimated values. The correlation coefficients between the number of individuals

captured during the ith trapping and the total number captured prior to the ith trapping

were less than —0.9, and the precision level of the estimations was less than 0.12. The

prerequisite for the removal method and appropriate number of trappings required for

estimating carabid population size were discussed in relation to the precision level of the

estimations.

Key words: Ground beetle (Carabidae), population estimation, removal method,

regression method, maximum likelihood method, pitfall trap

Introduction

Because of their diversity, ground beetles (Cara-
bidae) have been studied from taxonomical, bio-
geological and evolutional viewpoints, and recently,
their role as potential predators in agroecosystems
has been explored. The species composition, seasonal
activity and spatial distribution of ground beetles
have been studied globally (Yano et al., 1995), and
in Japan, important work in paddy fields (Habu and
Sadanaga, 1970; Yahiro et al., 1992), and a series of
ground beetle studies have been conducted in vari-
ous agroecosystems (Ishitani and Yano, 1994;
Ishitani et al., 1994). It has been established that
ground beetles could be used as a biological control
in pest management (Holland, 2002), and further-
more, with regards to environmental evaluation,
some researches hope to develop ground beetles into
a bio-indicator (Ishii et al., 1996; Ishitani, 1996;
Villa-Castillo and Wagner, 2002).

To study the ecology of ground beetles and estab-
lish them as a predator or bio-indicator, much atten-
tion needs to be paid to population estimations in

different habitats and seasons. However, population

numbers per unit area have yet to be clearly
reporte-d, though the spatial distributions and
seasonal activity of ground beetles represented by
the number of insects collected per trap in various
habitats have been previously analyzed (Ishitani et
al., 1997; Thomas et al., 2002).

Many methods for estimating the population sizes
of animals and insects have been presented. Mark
and recapture methods have been mainly used to
estimate the population sizes of insects because
birth, death and migration occur during their short
life spans. The removal method, another population
estimation method, has been applied to estimates of
the stable population size of rats (Leslie and Davis,
1939) and fish (DeLury, 1951), and involves a
series of trapping or collecting without replacement.
Inoda and Tsuzuki (2000) tried to estimate popula-
tion sizes of two Cybister species using the removal
method.

There are three different approaches to analyzing
removal trapping data. In this study we tried to esti-
mate the population density (/m*) of adult ground
beetles at two different habitats in Nagano

Prefecture, Japan, using the removal method, and
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then compared the estimates of three approaches.
Materials and Methods

1. Study sites

Two sites in Minamiminowa Village, Nagano
Prefecture were selected to estimate the population
size of carabid beetles using the removal method.
One site was a small area of experimental forest in
the Faculty of Agriculture Campus, Shinshu
University (Site 1) dominated by Japanese larch,
Larix leptolepis Gord., Japanese cypress, Chamaecy-
paris obtuse Endl., and some broadleaf trees. A play-
ing field is located in the northern part of Site 1.
The other site (Site 2) was located in a vegetable
field on the eastern side of the campus (Fig.1).
Tomatoes, eggplants, beans and potatoes were the
main crops of this plot.

Field surveys using pitfall traps were conducted in
Sites 1 and 2 from September 20 to 29, 2002 and
September 30 to October 9, 2003, respectively.

Fifteen trap stations spaced 2m apart lengthwise

and 1 m apart widthwise were set in 40-m? areas (10
X4 m) in both sites (Fig. 2). The survey areas were
enclosed by thick plastic sheets 30cm high above
the ground and buried to a depth of 10cm to protect
against invasion of carabid beetles from the outside
as well as escape from within.

The prerequisite for this method is that the popu-
lation must remain stable during the trapping
period, that is, there must be no significant natality,
mortality or migration (Southwood, 1978). In this
study, the adult carabid beetles could not enter or
leave the site as a result of the plastic sheet bound-
ary, because these beetles are almost unable to fly.
As the surveys were conducted for only 10 days in
autumn, the prerequisite mentioned above could be
satisfied, even if new emergence and death occurred
slightly.

Transparent plastic cups 13.5cm deep and with
an upper and lower diameter of 9 and 6 cm, respec-
tively, were used as traps. Plastic covers were placed

10 cm above the traps to protect them from rainfall

=

e S

Fig. 1 Map of 2 survey sites in Minamiminowa Village.
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Fig. 2 Arrangement of traps in Site 1 and Site 2

and falling leaves. Inside the traps, lactic acid bever-
age (Culpis™, Culpis Co., Ltd., Tokyo) was used as
bait. Beetle collections were made once a day for ten
days incessantly at both sites.
2. Estimation methods using the removal collection
data

There are several different approaches for analyz-
ing removal trapping data. In this study we used the
regression method (Leslie and Davis, 1939; DeLury,
1947, 1951) and maximum likelihood method
(Moran, 1951; Zippin, 1956) to estimate the num-
bers of the three dominant carabid species and total
number of carabid beetles within the 40-m? sites in

the two distinguishable habitats. The density per one

m’ and variance were also estimated.

Regression method: The following liner relation is
expected under random trapping:

C=b(N-T)

where C;, T, and N are the number of insects cap-
tured during the ith trapping, the total number cap-
tured prior to the ith trapping, and the population
size, respectively, and b is a constant. As N is equal
to T, at C; = 0, the population size is then estimated

as: s
NIC, -sTC
Y A

EZ}Z—STZ

where T and C are the mean values of C and T,
respectively, and s is the number of trappings. The

variance of this estimate (N) is calculated as:

o)l W=TF |

Ll 2}‘:: -sT?

Maximum likelihood method: With random trap-
ping, the probability of capturing C: insects during
the ith trapping, given that T insects were previ-
ously captured is:
P(C,11;)= (N . T")pc'q”"""*
Cn‘
where p =1-g is the probability of capturing during
a single trapping. Based on the maximum likelihood
of the joint probability of the catch samples in s
trappings, Zippin (1956) showed that population

size (N¥) and variance can be estimated as follows :

The estimates of 1-¢* and p are given in Zippin
(1956).
As the area of the survey sites in this study is 40

m’, the estimates of demsity (m) per m? and
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variance(y (m)) are given as:

Results

1. Species composition
A total of 250 carabid beetles from 4 subfamilies

and representing 14 species were caught in Site 1
(Table 1). Three species, Synuchus cycloderus,
Prerostichus subovatus and S. nitidus, were most fre-
quently caught accounting for 187 individuals,
which was 74.8 9% of the total carabid beetles
caught in Site 1. Of these, S. cycloderus was most
frequently caught, representing 34 9% of the total.
A total of 176 carabid beetles from 4 subfamilies
and representing 19 species were caught in Site 2

(Table 1). Three species, Harpalus griseus, H.

Table 1 Species and number of carabid beetles caught in Site 1 and Site 2

Species

No. of individuals

Site 1 Site 2

Leptocarabus procerulus (Chaudoir)
Patrobus flavipes Motschulsky
Trigonognatha cuprescens Motschulsky
Pterostichus planicollis (Motschulsky)
Pterostichus subovatus (Motschulsky)
Pterostichus microcephalus (Motschulsky)
Pterostichus nimbatidius Chaudoir
Dolichus halensis (Schaller) -
Synuchus nitidus (Motschulsky)
Synuchus cycloderus (Bates)
Synuchus dulcigradus (Bates)
Synuchus arcuaticollis (Motschulsky)
Synuchus sp.

Amara simplicidens Morawitz

Amara mocronota ovalipennis Jedlicka
Anisodactylus signatus (Panzer)
Harpalus capito Morawitz

Harpalus jureceki (Jedlicka)
Harpalus griseus (Panzer)

Harpalus tridens (Morawitz)
Harpalus sinicus (Hope)

Harpalus niigatanus Schauberger
Harpalus platinotus Bates

Harpalus corporosus (Motschulsky)
Harpalus bungii Chaudoir

Harpalus tinctulus Bates

Harpalus discrepans Morawitz
Chlaenius naeviger Morawitz

16
3

—

o
O O = = O = N NO N = OO

63

[l oo W
~ W W O =

N
N O N

62

23
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Total carabid

250 176
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sinicus and Amara simplicidens, were most fre-
quently caught accounting for 107 individuals,
which was 60.8 9% of the total carabid beetles
caught in Site 2. Of these, H. griseus was most fre-
quently caught, representing 35.2 96 of the total.
2. Daily change in the number of trapped individu
als

Daily changes in the numbers of the 3 dominant
species trapped are shown in Fig. 3. The numbers of
beetles captured in Site 1 decreased abruptly on the
second and third trappings but thereafter showed a
gentle reduction (Fig. 3A). S. cycloderus was not
trapped on the tenth trapping, though a total of 10

other carabid beetles were captured. The correlation

coefficients between the number of S. cycloderus, P.
subovatus and S. nitidus individuals captured during
the ith trapping (C;) and the total number captured
prior to the ith trapping (T.) were —0.947, —-0.925
and -0.968, respectively.

The numbers of beetles captured in Site 2
decreased almost linearly till the fifth trapping and
showed a gentle reduction thereafter (Fig. 3B). H.
sinicus was not captured after the sixth trapping,
and H. griseus and A. simplicidens were not trapped
on the tenth. The correlation coefficients between
the C: and T; of H. griseus, H. sinicus and A.
simplicidens were —0.977, —0.990 and - 0.982,

respectively.

30 r
A —a&— S.nitidus
.‘_g —@— S.cycloderus
é 20 | ©, - - O - - Psubovatus
2 3
£
Rl
15}
o
&
510
o
=
0
9/20 9/21 9/22 9/23 9/24 9/25 9/26 9/27 9/28 9/29
Date (2002)
20 .
|- B —@®— H.griseus

No. trapped individuals
=)
T

o

-- O - -Hsinicus

—&— A.simplicidens

9/30 10/1 10/2 10/3 10/4

10/5 10/6 10/7 10/8 10/9
Date (2003)

Fig. 3 Daily changes of trapped individuals of 3 dominant species in Site 1

(A) and Site 2 (B).
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Daily changes in the total numbers of carabid
beetles caught by 15 pitfall traps are shown in
Fig. 4. A decreasing tendency similar to that of the
3 dominant species in Sites 1 and 2 was observed. No
carabid beetles were captured on the tenth trapping
in Site 2. The accumulated numbers of individuals
captured up till the third and fifth trappings were 56
9% and 73.2 9% of the total in Site 1, respectively,
and 66.5 and 84.7 % in Site 2, respectively.

The correlation coefficients between the C. and
T: of the total carabid beetles in Sites 1 and 2 were
—0.925 and -0.991, respectively.

100 r

80

60

40

20

No. total trapped individuals

3. Population estimations

Estimations using the regression and maximum
likelihood methods were conducted using the num-
bers of the 3 dominant species and total carabid bee-
tles trapped at both sites. Table 2 shows the total
number (N) estimates for the two study sites, the
density (m) per m? and 95 % confidence limits. All
data from the 10 trappings were used to calculate
the estimates using the regression method. However,
with the maximum likelihood method estimates
were calculated using only the data sets from the

first to the seventh trappings, because the graphs for

" 9/20 9/21 9/22 9/23 9/24 9/25 9/26 9/27 9/28 9/29

60

40

20

No. total trapped individuals

Date (2002)

9/30 10/1 10/2 10/3 10/4 10/5 10/6 10/7 10/8 10/9
Date (2003)

Fig. 4 Daily changes of total trapped individuals of total carabid beetles in

Site 1 (A) and Site 2 (B).
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Table 2 Estimats of the number of adult carabid beetles within 40 m* and the density per m? by two removal

methods using trapping data

Regression method

Maximum likelihood method

species - S +959% . S +95%
2 2

Nooov@W) m(m) e P N v m(m)
Site 1 S. cveloderus 87.7 364 22 030 0.07 9.7 738 2.3 042  0.09
P sbovatiis 6.9 69 1.6 013 004 66.7 334 1.7 028  0.09
S. nitidus 91 45 1.0 010  0.05 378 123 0.9 017 0.09
Total carabid  253.9 309.1 6.3  0.86 0.07 2460 123.1 6.1  0.54  0.05
Site2  H. griseus 6.1 69 1.7 0.13 0.04 69.0 556 1.7 037 0.1l
Einsiiicus 235 02 06 002 002 237 L4 06 006 005
A simplicidens 225 0.5 0.6  0.03  0.03 22 72 06 013 012
Total carabid 180.3 142 45 018 002 1856 60.4 46 038  0.04

estimating 1 —g° and p were only given for s =3, 4
and 7 trappings (Zippin, 1956).

The population size estimates of the 3 dominant
species and total carabid beetles obtained using the
regression method were almost equal to those
obtained using the maximum likelihood method,
and there were no significant differences judging by
the 95 9% confidence limits.

The standatd deviation (1/v (m)) to density ()
ratio (D =+/v (m) /m) was used to represent the
precision level of the estimations (Kuno, 1971).
This ratio was less than 0.1 for almost all species.
The regression method showed better precision than
the maximum likelihood method except for the total
number of carabid beetles in Site 1. The observed
numbers caught by 10 trappings were almost the

same as the estimated values (Tables 1 & 2).
Discussion

In this study we used the removal method to esti-
mate the population size of carabid beetles to deter-
mine whether or not this method could be applied
successfully. There are 3 different approaches to
estimating population size with removal trapping

data, namely, the regression method (Leslie &

Davis, 1939; DeLury, 1947, 1951), the maximum
likelihood method (Moran, 1951; Zippin, 1956)
and time-unity collecting (Kono, 1953).

The high correlation coefficients of C; and T, and
small D values observed here suggest the reliability
of the estimates obtained by the regression method.
We calculated the 95 9 confidence limits using the
variance of N using Eqn. (1). However, the confi-
dence limits of the regression method can be given
more precisely using a solution (x., x,) of the fol-
lowing quadratic equation with cases of less than 10
trappings (Kuno, 1986):

~2

d t.v—zz(a) 5t

2
p? -2 P RA P ),

Sr-1y :

=0

Where t,. (@) is the critical value of ¢ distribu-
tion (df =s-2) for (1- a) % confidence. The lower
and upper limits of (1- @) % confidence are (T +
x1, ]_"+xz). According to the above, the 95 % confi-
dence limits of the total carabid beetles trapped in
Sites 1 and 2 were (225.8, 307.0) and (173.5,
188.5), respectively. These confidence limits of Site
2 were nearly equal to those obtained by Eqn. (1),

but the precision level of the estimates for Site 1 was
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lower. This seems to be related to the fact that the
correlation coefficient between the C; and T: of Site
1 (-0.925) was lower than that of Site 2 (~0.991).

The maximum likelihood method is the most
accurate of the 3 approaches (Southwood, 1978),
though it strictly requires the chance of being
caught and effort of catching to be equal during the
trapping period. Our trapping surveys were con-
ducted using identical trapping intervals and identi-
cal shapes and numbers of pitfall traps. The fact that
the estimates obtained by the maximum likelihood
method were not significantly different from those
obtained with the regression method, even though
only 7 data sets were used, shows that the prerequi-
sites were met and the propriety of this method.

Zippin (1956) showed the relationship between
the precision level of the estimates and proportion of
individuals removed from a population, and sug-
gested that to obtain a precision level of 0.1, 75 %
of a population would have to be removed when the
population size was less than 300. Turner (1962)
pointed out that for this reason it is impractical to
estimate populations of insects caught in pitfall
traps when the catching efficiency of these traps is
very low. In this study, we used a high trap density
(0.375 traps per m?) and attractive bate so that
more than 80 9 of the beetles used to estimate
population size were removed by the 7" trapping
and the precision levels of these estimates with the
maximum likelihood method were high (D<0.12)
(Table 2).

Kono (1953) presented a formula for estimating
population size using time-unity collecting data
based on the exponential relationship between the
number collected and time. Where n., n; and n; are
the accumulated numbers of collected individuals at
three time points (¢1, £, and t5), such that (t1+¢;)

/2=t,, N is estimated as:

2
5= ny, —mt
2n, = (n, +n,)

As trappings were carried out daily in this study,

n1,n,and n; are Ts, Ts and T, respectively, on ¢,
the 2™ trapping day, t. =the 6" trapping day and
t;=(2+6) /2 = the 4™ trapping day. The total
carabid beetle population sizes in Sites 1 and 2 ac-
cording to the above formula were 291.8 and 188.4,
respectively. The Site 1 value was overestimated
slightly in comparison to the estimate obtained by
the regression method, but there was no difference
in the Site 2 value, although the variance of the esti-
mate was not given with Kono’s method (Kono,
1953).

In this study we estimated population size using
the regression and likelihood methods with data
from 10 and 7 trappings, respectively. To determine
the appropriate numbers of trappings required, the
estimates and precision levels were shown in rela-
tion to the number of trappings used for the regres-
sion method (Table 3). The precision level became
lower with decreasing trapping times and about half
the D values were more than 0.1 when population
size was estimated by data from less than 5 trap-
pings. From Table 3 it can be suggested that at least
5 trappings will give an estimate of carabid beetle
population size with a precision level of less than 0.1
using the regression method.

It is still questionable whether the number of
carabid beetles caught in pitfall traps (activity-
density)accurately reflects the population size
(absolute density) in an immediate area (Thomas et
al., 2002). Several researchers tried to overcome this
problem by additional mark-recapture studies using
pitfall traps with barriers (Thomas et al., 1998). In
contrast to the capture and recapture method, which
is widely used for population estimations, it is not
possible to estimate the parameters of population

dynamics, such as birth and death rates, from the
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Table 3 Estimates of population size and the precision level (D) in relation to the number of trappings

Number of trappings

Sopecies
3 4 5 6 7 8 9 10

Site 1 N 537 626 693 763 8.2  85.4  88.6 8.7
S. cvcloderus D 012 014 012 012 011 010  0.09  0.07

N 488 504 538 579  6l.1 622  63.4  63.9

P. subovatus D 0.09 0.05 0.06 0.07 0.07 0.06 0.05 0.04

N 265 301 325 338 352 367 383  39.1

S. nitidus D 007 010 0.09 007 006 0.06 006 005

N 1597 181.2 1975 210.8  223.5 2355 245.7  253.9

Total carabid D 009 011 010 009 008 008 007  0.07

Site 2 N 1282 747 740 712 720 721 70.1  68.1
H. griseus D 0.19 0.22 0.13 0.09 0.07 0.05 0.04 0.04

N 255 247 242 243 239 261 243  23.5

H. sinicus D 0.19 0.09 0.06 0.04 0.03 0.31 0.14 0.02

N 186 193 208  21.0  21.4  22.0  22.6  22.5

A simplicidens 909 005 006 004 004 004 004  0.03

N 1535 1633 170.6 1747 178.2 181.6 181.4  180.3

Total carabid D 010 006 005 004 003 003 002  0.02

prerequisite of the removal method. Furthermore,
precise estimates need a large part of the population
to be removed. This is a critical obstruction for life-
table studies. However, it is easier to estimate the
population size of ground beetles or other small ani-
mals using the removal method because it does not
require marking and recapture, which takes time as
well as hard labor. The removal method can be used
to easily estimate the density of a population per
unit area as shown in this study. The removal
method using pitfall traps might therefore be useful
in quantitatively evaluating whether carabid beetles
could be used as a predator or for measuring their

biomass.
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SEREREOEIERELTYLE—VICEENBAT /M KE T—FT4—V
Aoy @HERD  FERAMIEED - EEZHD - SEE=" (VHBRERE
B RRl, DHAF X TF 4 VRE AV ERYT)

w5y Y OMRIL, CTKECKEMT AT VALY LE - Y OIEFIC
BAVCEN LI, 7V9RATRONAZ S F IV Y IHRICEIMER, YLE—
YTRALhE M- . COHRICEZMENDEENIOIR, VLE-VOIESF
IEENANEAENHESA N EELON, YAE— v OEFICMA TE, &
Fro, 7U3 hUhBOBRRFEEE S &I, RS ELTo T /A FEHEEL
7. H ¥ X N 7 cis-12a-hydroxymunduserone & cis-12a-hydroxyerosone, cis-12a-
hydroxyrotenone, rotenone ® 4 DO 07/ A KOG EEHESHREEE OB
HSEhoERshi.

Females of the pea blue butterfly Lampides boeticus fly to the young flower buds of
the yam bean plants Pachyrrhizus erosus and the lablab bean plants Dolichos lablab, and
equally lay eggs on them. No damage to the yam bean induced by the butterfly larvae
was observed. But the larvae gave serious damage to the lablab bean growing up in the
vicinity of the yam bean. Distinct difference of damages between both plants seemed to
be caused by the defense mechanism of the yam bean plants using natural toxins.
Possible defense principles were isolated and identified as four rotenoids cis-12a-
hydroxymunduserone, cis-12a-hydroxyerosone, cis-12a-hydroxyrotenone and rotenone
from flower buds, seeds and leaves of the yam bean on the base of the larvicidal toxicity

toward the common armyworm Mythimna separata. The activity of each principle was

* ) Corresponding author: mfukui@kais.kyoto-u.ac.jp
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quantitatively evaluated. In addition, the relationships between herbivores and the pres-

ence of principles were discussed.

Key words : Rotenoids, Yam bean, Common armyworm, Pea blue butterfly

Introduction

Tropical plants are a rich source of bioactive sub-
stances. Antifeedants, antihormones, growth inhibi-
tors and other toxicants directed against insects
have been investigated to estabish new classes of
natural pesticides for commercial application or
relationships between these phytochemicals and host
plant resistance (Jacobson, 1989). The earliest study
on the toxicity of yam bean seed concluded that
saponin is toxic (Nag et al., 1935). Further chemi-
cal investigations showed the presence of
isoflavones, rotenoids and other toxins in the same
plant (Norton and Hansberry, 1945; Bickle and
Schumid, 1953; Crombie and Whiting, 1963).
Although subsequent studies that focused on
biogenetic and chemical aspects were performed
by Krishnarmurti and Seshadri (1966), and Kalra
et al. (1977), neither detailed the biological activity
toward insects, the distribution nor relative content
of these compounds in the plant organs.

Until examination of the yam bean blooms in the
autumn, no insect was known to feed on the young
leaves, but the pea blue butterfly Lampides boeticus
flies to the young flower buds and lays eggs on it.
However, butterfly larvae feeding on the flower
buds were not observed, although the pea blue
butterfly grew normally on the flower buds of the
natural host plant, the lablab bean Dolichos lablab.
These observations suggested the presence of toxic
materials in young flower buds of the yam bean. In
this paper, we describe the isolation and identifica-

tion of insecticidal compounds from the young

flower buds, and quantitatively evaluate their
toxicity insecticidal activity against the common
armyworm Mythimna separata. Also discussed is
the ecological role of these compounds toward
phytophagous insects. In addition, toxicities of the
beans and leaves were quantitatively evaluated for

the common armyworm.
Materials and Methods

Extraction

Powdered seeds (240g) from Bogor, Indonesia,
were immersed and then successively extracted
three times with hexane, MeOH and ether, respec-
tively. From each solvent, 80g of oil, 20.1g of solid
materials and 2.2g of solid materials were gained.
Flower buds (12.5g) and 1.41kg of leaves were
harvested from plants grown on the University cam-
pus, and then extracted three times with 400 ml and
6 1 of MeOH for one month, respectively.
Instruments and analytical conditions

The HPLC unit consisted of a Hitachi L-6000
Pump equipped with a Waters R401 differential
refractometer. The unit was operated using
Cosmosil 5Ph packed column [10 mm (ID) %500
mm, Nacalai Tesque, Kyoto] or Wakosil-II ODS
packed column [8 mm (ID) %250 mm, Wako Pure
Chem. Indus. Ltd., Osaka]. EI-MS spectra were
measured on Hitachi M-80A Mass Spectrometer at
70 eV using an in-beam direct insertion technique,
and '"H-NMR spectrum were measured in CDCl,
on a Brucker AC-300 spectrometer at 300 MHz.
Optical rotation was measured using a Jasco Digital
Polarometer DIP-370 in CHCl; with a light path of
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1 c¢cm at 30°C.
Insects

Larvae of the common armyworm Mythimna
separata (Noctuidae, Lepidoptera) were reared on
an artificial diet (Insecta LF, Nosan Corporation,
Yokohama) under conditions of 251-1°C, 17L-7D,
and 50-70% R. H., and the 3rd-instar larvae were
subjected to bioassay.

Bioassay method

Crude methanol extracts from flower buds, leaves
and seeds of the yam bean and their chroma-
tographic fractions were subjected to bioassay. The
samples were dissolved in acetone or CHCl; to
make a solution (1 ml) containing extract from 10
g equivalents of the leaves and seeds, and 300g
equivalents of the flower buds, respectively. The
solution (100 ¢ 1) was applied to the top and bottom
of an artificial diet cube (1 g) with a microsyringe,
the applied diet was then air-dried at room tempera-
ture for 30 min. The treated diet and 10 3rd-instar
instar larvae of the common armyworm were intro-
duced into a plastic petri dish (9 cm ID). For a
control, an artificial diet (1g) was applied with
100 21 of acetone or chloroform, and air-dried in
the same manner. The control diet and 10 larvae
were introduced into another petri dish. Three repli-
cates were made for each treatment test with each
control, and the mortality of the armyworm was
checked every 24 h for 10 days.

We focused on effects of time on percentage of
kill of the common armyworm larvae. Therefore,
larvicidal activity was evaluated using the probit
analysis of serial time-mortality data from bioassays
(Throne et al. 1995) where successive observations
are made on the same group of the larvae exposed 1
concentration of a stimulus. By using the analysis,
every LTso (50 % lethal time) value (day), which is
defined as the lethal time value required to kill 50 %

of the larvae exposed 1 concentration, was calcu-

lated from all bioassay experiments. Comparisons of
the evaluated larvicidal activities based on LTsp
value led to the isolation of active principles. All
statistics required by the probit analysis were calcu-
lated with a program developed by Throne et al.
(1995).

Results

Isolation of toxic components from the seeds, leaves
and flower buds of the yam bean
Seeds

Only the methanol extract (20.1 g of solid mate-
rial) of the seeds indicated insecticidal activity
(LTso = 1.9 days) to the common armyworm. The
solid suspended in water (1 1) was then extracted
three times with 1 1 of CHCl3. The toxic compo-
nents were transferred to the CHCl; layer (9.1g).
After evaporation the solvent, the CHCl; layer was
applied to a silica gel column [68 mm (ID) x 330
mm, 600 g, Wako C-200, Wako Pure Chem.Indus.
Ltd., Osaka] and eluted stepwise with each 51 of 50
96 toluene in hexane, 20 % and 50 % EtOAc in
toluene, EtOAc and MeOH. The 20 % EtOAc in
toluene fraction was active (LT so= 2.2 days). The
fraction was applied on a silica gel column [50 mm
(ID) % 300 mm, 300 g, Wako-gel] and eluted step-
wise with 5 1 each of toluene, 2 %, 5 %, 10 %, 20 %
and 50 96 EtOAc in toluene. The activity was recov-
ered in 5% and 10 96 EtOAc in toluene fractions
(LTso=2.5 and 3 days). Both fractions were com-
bined and purified on an ODS column [24 mm
(ID) x 230mm, 70g, Cosmosil 75 Ci;3-PREP,
Nacalai Tesque, Kyoto] with 11 each of 80%
CH;CN in H,0 and 90 % THF in H;O. The active
80 % CH3CN in H,O eluate (LTso 1.9 days) was
further separated into 7 fractions (250 ml each) on
a silicagel column [24 mm (ID) X 320 mm, 90g,
Wakogel C-200] with 30 %6 EtOAc in hexane. The
combined active 3rd to Sth fractions (1.65g; LTso
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=2.1 to 2.5 days) were further fractionated by
silica gel columns [24 mm (ID) x 370 mm, 90g,
Wako C-200] with 30 %6 EtOAc in hexane into 54
fractions (25 ml each). The fractions from 24th to
54th contained active compounds (LTso= 2.4 to
4.1 days), and were combined based on HPLC {10
mm (ID) x 250 mm, Cosmosil 5Ph column, 65 %
CH;CN in H;O as eluent] into three groups: the
24th to 30th fractions, the 31st to 39th fractions and
the 40th to 54th fractions. Each combined fraction

was separately fractionated with the same Cosmosil

5Ph packed column to give four toxic components 1
(tz = 28.5 min, LTsc = 5.0 days), 2 (30 min, LTsp =
4.5 days), 3 (37 min, LTso = 8.2 days) and 4 (47
min, LTso = 2.0 days) (Table 1). The quantities of
1, 2, 3 and 4 that were contained in one gram
equivalent of the seeds were 1, 1.83, 2.43 and 0.46
mg, respectively.
Flower buds

The methanol extract (LTsp= 4.6 days) of the
flower buds was partitioned three times with 500 ml
each of water and CHCl;. The CHCl; layer that

1: cis-12a-hydroxymunduserone

2: cis-12a-hydroxyerosone

3: cis-12a-hydroyrotenone

R=0H

4: Rotenone

R=H

Fig. 1 Isolation rotenoids from the yam bean.
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Table 1 'H NMR shift data for rotenoids (1, 2,3 and 4)

Position 1 2 3 4
Rotenoid skeleton
H-1 6.54 (s) 6.55 (s) 6.55 (s) 6.78 (s)
H-4 6.49 (s) 6.48 (s) 6.48 (s) 6.45 (s)
H-6 4.50 (dd) 4,60 (dd) 4.46 (d) 4.18 (d)
4,62 (dd) 4.66 (dd) 4.49 (dd) 4,61 (dd)
H-6a 4,60 (brt) 4.49 (brt) 4,58 (brt) 4.92 (brt)
H-8 6.38 (@) 7.02 (brs) — -
H-10 6.58 (dd) 6.53 (d) 6.50 (d)
H-11 7.85 (d) 8.20 (s) 7.82 (d) 7.84 (d)
H-12a - — - 3.82 (s)
12a-OH 4.46 (s) 4.43 (s) 4.58 (s) -
Dihydrofuranoid skeleton
H-2' — — 5.23 (1) 5.24 (1)
H-3' a — — 2.95 (dd) 2.95 (dd)
H-3" b — — 3.29 (dd) 3.32 (dd)
1”7 —Me — — 1.73 (s) 1.77 (s)
1 =CH, — — 4,90 (s) 4.90 (s)
- — 5.10 (s) 5.10 (s)
Furanoid skeleton
H-2' — 7.55 (d) - -
H-3' — 6.74 (d) — -
Substituents
OMe 3.72 (s) 3.71 (s) 3.72 (s) 3.77 (s)
3.79 (s) 3.79 (s) 3.82 (s) 3.81 (s)
3.81 (s) - = -

Notes: J values (i) for rotenoid skeleton, 6—6 = 12.2 Hz, 6—6a=2.8 and ca 1 Hz, 6a—12a=3.6 Hz, 8~
10=12.4 Hz, 10—11 = 8.5 Hz; (ii) for dihydrofuran skeleton, 2'~3'a=9.8 Hz, 2'~3'b=8.3 Hz, 3'a

—3'b=15.9 Hz, 1" = CH3 two braod singles; (iii) for furanoid system, 2'—3' =2.2 Hz.

showed larvicidal activity (LTso = 4.8 days) yielded
0.97 g of residue which was applied to a silica gel
column [26 mm (ID) x 240 mm, 55g, Wako C-
200] and eluted with 1.5 1 each of 50 9§ toluene in
hexane, 20 % and 50 % EtOAc in toluene, EtOAc
and MeOH. Only the 20 % EtOAc in toluene frac-
tion (200mg) possessed the activity (LTso— 4.7
days). The fraction was applied to a silica gel
column [20mm (ID) x 240 mm, 15g, Wako C-
200] and then eluted with 750 ml each of toluene 2

9%, 5 9%, 10 9%, 20 % and 50 % EtOAc in toluene.
The active 5% and 10% EtOAc in toluene
fractions (LTsp = 5.5 and 6. 1 days) were combined
(56.7 mg) and purified by an ODS column [24 mm
(ID) x 170 mm, 5 g, Cosmosil 75 C3-PREP] with
750 ml each of 80 9% CH3;CN in H,O and 90 %
THF in H;O. The active 80 % CH3CN in H,O
fraction (LT s = 4.9 days) was subjected to HPLC
using a Cosmosil 5Ph packed column (65 %

CH;CN in H,O as eluent), and two toxic com-
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ponents (1 and 3, LTso = 5.2 and 7.9 days) were
isolated with retention times at 28.5 and 37.0 min.
The quantities of 1 and 3 that were contained in one
gram equivalent of the flower buds were 0.03 and
0.07 mg, respectively.
Leaves

The methanol extract (226 g, LTso = 6.5 days)
from the leaves was dissolved into water (1 1),
extracted three times with CHCl;. The CHCl; (56
g) extract showed larvicidal activity (LTso= 6.1
days). The extract was applied to a silica gel column
[80mm (ID) x 450 mm, 1 Kg, Wako C-200] and
eluted stepwise with each 8 1 of 50 9% toluene in
hexane, 20 % and 50 9% EtOAc in toluene, EtOAc
and MeOH. The active 20 %6 EtOAc in toluene frac-
tion (LTsp = 6.0 days) was applied on a silica gel
column [68 mm (ID) x 460 mm, 700 g, Wako C-
200] and eluted stepwise with each 5 1 of toluene,
2%, 59, 10 %, 20 % and 50 % EtOAc in toluene.
The active 10 % EtOAc in toluene fraction (LT s =
6.6 days) was subsequently purified by an ODS
column [24 mm (ID) x 230 mm, 90 g, Cosmosil 75
Ci5-PREP] with 11 each of 80 % CH3CN in H,0
and 90 % THF in H,0. The active 80 % CH3CN
in H,O eluate (LTso= 6.3 days) was separated on
a silica gel column [40 mm (ID) x 280 mm, 180 g
Wako C-200] with 30 9% EtOAc in hexane into 7
fractions (500 ml each). The active 3rd and 4th
fractions were combined and then subjected to
HPLC using a Wakosil-IT ODS packed column (60
% CH3CN in H,O as eluent). The eluate from the
ODS packed column was subjected HPLC using a
Cosmosil 5Ph packed column (65 % CH3;CN in
H,0 as eluent), and two fractions of 2 (rz = 30
min, LTso= 6.8 days) and 3 (37 min, LTs; = 8.7
days) showed activity toward the armyworm
respectively. The quantities of 2 and 3 that were
contained in one gram equivalent of the flower buds

were 0.23 and 0.45 mg, respectively.

Structure elucidation of isolated components from
the seeds, leaves and flower buds of the yam bean

Since isolated compounds were rotenoids (Fig. 1),
their structural characterization was carried out
by comparing the physical and spectral data with
those previously reported. 'H-NMR data for the
isolated compounds are shown in Table 1. The cis
stereochemistry of the B /C ring junction was estab-
lished from the ' H-NMR spectrum as seen in Table
1, where H-1 at 6.54-6.78 ppm is strongly
deshielded than that in trans substituted compounds
at 7.82 ppm (Oberholzer et al., 1974).

EI-MS spectrum of compound 1 gave M ion at
m/z 358 (98 %) and the dehydrated ion (M- 18)
at m/z 340 (13 %) with the base ion at m/z 208,
suggesting the molecular formula of CgH;30;
(Kalra et al., 1977; Dagne et al., 1989). Data of the
optical rotation [ @ ], +40.4°, melting point (m.
p.) 91-92°C, and the '"H-NMR spectrum were in
agreement with those of cis 12a-hydroxymundu-
serone (Kalra et al., 1977; Dagne et al., 1989).

EI-MS spectrum of compound 2 gave M ™" ion at
m/z 368 (90 %) and the dehydrated ion (M*-18)
at m/z 350 (8 %) with the base ion at m/z 208, sug-
gesting the molecular formula of CyoH 307 (Kalra
et al., 1977). Data of the optical rotation [ a ] +
186°, m. p. 282-283 °C, and the ' H-NMR spectrum
were in agreement with those of cis-12a-hydrox-
yerosone although the [ @ ] value measured by
Kalra et al. (1977) is + 170.4°.

The third compound (3) was isolated as a color-
less solid. Its EI-MS spectrum gave M ion at m/z
410 (99 %) and M™-18 ion at m/z 392 (14 %)
with the base ion at m/z 208, suggesting the chemi-
cal formula C;3H»O;7 (Kalra et al., 1977; Dagne
et al., 1989). Data of the optical rotation [a]p-
164°, m.p.91-92 °C, and ' H-NMR spectrum were
in agreement with those of cis-12a-hydroxyrotenone
(3) (Kalra et al., 1977; Dagne et al., 1989).
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Table 2 Active compounds isolated from the seeds, flower buds and leaves of the yam bean
Pachyrrhizus erosus and their toxicities against the common armyworm

D)

Amount
Compound Seed Flower bud leaf
cis-12a-
hydroxymunduserone (1) 1.00 (5.0) 2 0.03 (5.2)¥ -
12a-hydroxyerosone (2) 1.83 (4.5) = 0.23 (6.8)
cis-12a-hydroxyrotenone (3) 2.43 (8.2) 0.07 (7.9) 0.45 (8.7)
Rotenone (4) 0.46 (2.0) - —

1) One milligram per gram equivalent of plant organ.

2) Toxicity was estimated using a Probit program for analyzing serial time-mortality data (Throne et at., 1995),
and the figures in parenthsis indicate LT 59 (50 96 lethal time) value (days) for 30 armyworms.
3) Test solution of 300 g equivalents of the flower buds was used in the bioassays for bud (see text in details).

Isolated compound 4 was crystallized as a plate
from MeOH. Its EI-MS spectrum gave M jon at
m/z 394 (9 %) and the base ion at m/z 208, suggest-
ing Cz3H206 as its molecular formula (Kalra et
al., 1977; Dagne et al., 1989). Data of the optical
rotation [ @] p-194.2°, m.p. 159-161 °C, and 'H-
NMR spectrum were agreement with those of rote-
none (Kalra et al., 1977 ; Dagne et al., 1989).

Discussion

Comparisons of the LTsy values revealed the dis-
tribution and relative content of four rotenoids (1,
2, 3 and 4) as larvicidal components in the beans,
flower buds and leaves of the yam bean (Table 2).
The seeds contain all four components, whereas the
leaves and flower buds lack rotenone and contain
two of the medium or low toxic components. The
crude methanol extracts of the seeds and leaves
showed the high (LTso = 1.9 days) and medium
(LTso = 6.5 days) larvicidal activity. In the flower
buds, their content was found to be small; several
percent of that found in the seeds. During the first
step of extraction of the toxic components from the
flower buds, the crude methanol extract from 10 g
equivalents was bioassayed for lavicidal activity

using 3rd-instar larvae. Consequently, the extract

did not show any activity. However, against 1st-
instar larvae in a separate experiment it exhibited
effective larvicidal activity (LTso = 0.85 day) and
all larvae died within the first three days. In the
isolation process of the active principles, the concen-
tration of test solution (1 ml) from the flower bud
extract was adjusted to 300 g equivalents of the
buds. These results suggested that the tiny flower
buds contain so reasonable amount of rotenoids to
kill younger Ist-instar larvae, so that they can
protect themselves with less efforts of defense as
compared with defense aginst the 3rd-instar larvae
(Table 2).

Until examination of the blooms of yam bean in
the autumn, no insect was known to feed on the
young leaves, but the pea blue butterfly Lampides
boeticus flies to the young flower buds and actually
lays eggs on it (Fig. 2). However, butterfly larvae
feeding on the flower buds were not observed. On
the other hand the butterfly grew normally on the
flower buds of the natural host plant the lablab bean
Dolichos lablab in the proximity of the yam bean.
Above observations suggest that the young butterfly
larvae probably have the same sensitivity to these
toxins as the 1st-instar larvae of the armyworm do,

because the lst-instar larvae of the butterfly that
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Fig. 2 L: The pea blue butterfly Lampides boeticus laying eggs on the young
flower buds of the lablab bean Dolichos lablab (host plant). a: the ovipositor
of the butterfly. R: The pea blue butterfly eggs (b) laid on the young flower
buds of the yam bean (non host plant).

hatched from the eggs were not observed on the
flower buds (per. observation). Thus, the flower
buds have succeeded in arming themselves with
natural toxins against damage caused by herbivo-
rous insects.

The fragrance of flower buds of the lablab bean
and the yam bean were collected using a headspace
method on absorbent Tenax and eluted with a
solvent. Coupled GC-EAD responses of the female
butterfly antennae toward the eluates were recorded.
The antennae responded positively toward species-
specific and also commonly overlapped GC peaks of
both fragrances desorbed from the absorbent (Gassa
and Fukui, unpublished data). This suggests that
the butterfly antennae are sensitive to fragrance
chemistry, and can recognize host odors accurately
due to fragrant chemicals in both flower buds,
because behavioral mediating compounds show high
electrophysiological activity (Andersson, 2003). We

also observed that non-herbivore bees and butterflies

foraging as pollinators often visit the flowers of both
bean plants during the same season in the field. This
shows that fragrances play a role as attractants of
herbivores as well as non-herbivore, such as bees
and butterflies.

Armbruster (1997) notes that the two common-
est interactions between plants and animals are
herbivory and pollination: Most plants experience,
simultaneously or sequentially in the course of their
lifetimes, interaction with both herbivores and polli-
nators. Our present study supports this. During such
interactions, the yam bean plant appears to defend
itself using rotenoids from herbivore attack. To
make the above explanation more accurate, further
studies are needed. The results should reveal the bio-
logical role of rotenoids in flower buds with respect
to the interactions between the yam bean plant and

the pea blue butterfly (Fig. 2).
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The infestation of houses by Incisitermes minor (Hagen) was surveyed in Kansai and
Hokuriku areas (9 prefectures) by means of a postal questionnaire sent to termite
control companies. Of the 96 companies that responded, 31 of them, located among
Hyogo, Osaka, Wakayama, Toyama, and Fukui Prefectures, reported finding I. minor
attacks in houses they had inspected. Approximately 83% of the infested houses were
wooden post and beams constructions. Worker (nymph) castes were the most
commonly found caste in infested houses. The infestation was usually detected by fecal
pellets under the infested timbers. Roofing materials such as rafters, trim, boards,
beams, pillars, and lathing boards, and interior materials such as window frames, door
frames, pillars, poles, and paper doors were the most susceptible parts. Spraying with

insecticide was the most common countermeasure taken to combat infestation.

Key words : Postal survey, Termite infestation, Incisitermes minor, Kansai and

Hokuriku areas
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Introduction

Incisitermes minor (Hagen), a dry-wood termite
native to the western region of the United States
(Weesner, 1970), is called the western dry-wood ter-
mite, It is the most common structure-infesting dry-
wood termite in the southwestern part of the United
States (Cabrera and Scheffrahn, 2004). Su and
Scheffrahn (1990) stated that I. minor was one of
the five most economically important and destruc-
tive termites in the United States.

A colony of I. minor may contain 2,000 termites,
and is found in both natural and man-made environ-
ments. Although colony development is slow, severe
structural damages may be caused by the presence
of multiple-colony infestation (Su and Scheffrahn,
1990). Colonies of I minor live entirely within
sound dry wood (Cabrera and Rust, 2000). Due to
these ecological characteristics, I minor is easily
transported in infested wood products by various
human activities. In a mobile society, the introduc-
tion of such exotic species is difficult to prevent, as
remarked by Grace et al. (1991).

Japan is one of the major countries importing
wood and wood-based materials that can serve as a
natural habitat of I. minor. The first infestation of L.
minor in Japan appeared in Tokyo, followed by ap-
pearances in the west Chiba Prefecture (Mori,
1976), and by the time of this report infestation had
been sporadically reported in Hyogo, Wakayama,
Kanagawa, Hiroshima, Osaka, Yamaguchi, Kago-
shima, and Okinawa Prefectures, (Yamano, 1998 ;
Yasuda et al., 2003). However, no national or even
area survey has yet been conducted to assess the dis-
tribution of infestation of I. minor.

In this study, the infestation of I. minor in Kansai
and Hokuriku areas (9 prefectures) was surveyed by
means of a postal questionnaire sent to termite con-

trol companies.

Methods

This study was conducted by means of a postal
survey. The questionnaire was sent to 154 termite
control companies listed as members of the Japan
Termite Control Association, Kansai-Branch, con-
sisting of Shiga, Kyoto, Nara, Hyogo, Osaka,
Wakayama Prefectures, and Hokuriku-Branch, con-
sisting of Toyama, Ishikawa, and Fukui Prefectures.
The questions were :

1. Have you ever seen an I minor infestation?
a. Yes b. No ¢. No, but heard of that
2 . When did you find the first I. minor infestation?
(years after construction)
3. Structure of the house:
a. What kind of building?
1. House 2. Office 3. Warehouse
4. Other
b. What major constructional type?
1. Wooden post and beams
2. Rein forced concrete (RC)
3. Combination of wooden post and beams
and RC
4. Unknown
c¢. Did you treat the house before construction?:
1. Treated 2. Not-treated
d. In what City /Town is the infested house
located?
4. How did you find the damage?
a. I found the fecal pellets but did not find

3. Unknown

attacked timbers

b. I did not find the fecal pellets but found
attacked timbers

c¢. I found both the fecal pellets and attacked
timbers

d. Other

5. a. Did you find termites? 1.Yes 2. No
b. What caste of termite?
1. King or Queen 2. Alate
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3. Nymph /worker 4. Soldier

c¢. Did you identify the termite species?

1. Yes 2. No

. What parts of the house had been attacked by L

minor?

. What timber species had been attacked by I.

minor?

. Countermeasures taken against the infestation:

a. Did you perform extermination of termites?

1. Yes 2. No

b. What kind of countermeasures was taken

against the infestation?

1. Replacement of damaged parts

2. Spraying of insecticides

3. Fumigation 4. Other

Results

Number of responses

Out of 154 companies receiving the survey, 96
(62.39%) completed and returned the questionnaire.
The numbers of collected postal questionnaires in
this survey are shown in Table 1. As a result, 31
companies (32.3 95 of total recovery) reported find-
ing I minor attacks in houses they had inspected, 61
companies (63.5 % of total recovery) had found no
infestation, and 4 companies (4.2 % of total recov-
ery) reported that they had heard of attacks by I.
minor. Locations of the I minor-infested houses
reported in this survey are shown in Table 2.
Termite infestation in houses

The survey showed that 58 houses infested by I

Table 1 Number of collected postal questionnaires

Response Total
Total number R d
of questionnaires No infestation Infestation Heard of EColere
found found infestation questionnaires
154 61 31 + 96

Table 2 Location of I. minor-infested houses in Kansai and Hokuriku areas

Numbers of infested

City / Town Prefecture houses
Kishigawa Wakayama 1
Kokawa Wakayama 20
Kozagawa Wakayama 2
Naka Wakayama 2
Susami Wakayama 4
Uchita Wakayama 6
Wakayama Wakayama 3
Amagasaki Hyogo 1
Kobe Hyogo 5
Kakogawa Hyogo 1
Nishinomiya Hyogo 6
Takarazuka Hyogo 2
Osaka Osaka 3
Fukui Fukui 1
Himi Toyama 1
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minor were found in Kansai and Hokuriku areas.
These houses were classified by construction type,
years after construction, and whether there was pre-
ventive treatment before construction (Table 3).
Regarding construction type, 48 houses (82.8 %)
were wood frame, 1 house (1.7 %) was RC, and 6
houses (10.39%) were combination (wood and
RC). When the infestation was discovered, five
houses (8.6 %) were less than 5 years old and 46
houses (79.3 %) were over 5 years old. Preventive
treatment before construction was conducted only
in 6 (10.3 %) houses; 41 (70.7 %) houses were not
treated before construction.

Table 4 shows termite castes and the manner of

damage found in infested houses. The majority of
infestations (55:94.8 %) were detected by both
fecal pellets and attacked timbers, and 3.59% and
1.7% of infestations were detected only by the
presence of attacked timbers and the wings of alate,
respectively. Concerning the termite caste, worker
(nymph) was the most commonly found caste in
infested houses, followed by soldier and alate.
Termites found in 41 (70.7 %) infested houses were
identified as I. minor, while those in 10 (17.29%)
were not identified. For seven (12.19%) infested
houses, the companies did not answer whether the
species of termite had been identified.

The summarized data of attacked parts of houses

Table 3 I minor-infested houses classified by construction type, years after construction, and preventive

treatment before construction

Preventive treatment

Years after construction

Construction No. of before construction
type ) infested
house (96) <5yr >5yr i Yes No Un-
known known
w 48 (82.8) 2 40 6 5 32 11
RC 1(1.7D - - - 1
W + RC 6 (10.3) 3 2 1 1 5 -
Unknown 3(5.2) - 3 - - 3 E
Total 58 (100) 5 46 7 6 41 11
1) W : Wood post and beams RC: Reinforced concrete, W + RC : Wood + Reinforced concrete
Table 4 Termite caste and the manner of damage found in infested houses!)
Manner found
. 3 . . .
Construction Termite caste3’ damage") Termite identification
tprZ) — E——
A Wo S Wi AT P+AT Yes No Unknown
w 14 37 28 1 1 47 34 9 6
RC - 1 - - - 1 - -
W + RC - 4 4 - - 5 4 - 1
Unknown 1 3 3 - 1 2 - -
Total 15 45 35 1 2 55 41 10 7

1) Data collected from 58 infested houses.

2) For legends see Table 3.

3) A : Alate, Wo: Worker, S : Soldier.

4) Wi: Wings, AT : Attacked Timber, P + AT : Pellet + Attacked Timber.
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are shown in Table 5. Data were collected from 58
infested houses without categorization by construc-
tion type. As shown in the table, roofing materials
such as rafters, trim, beams, boards, pillars, and
lathing boards, and interior materials such as
window frames, door frames, pillars, poles, and
paper doors were the most frequently attacked in
the houses infested by I. minor. Timbers in the wall
such as pillars and poles, and other materials such as
sills, door jambs, shutters, gates, and imported
furniture were the second-most frequently attacked
parts. Materials under the floor such as floor lum-
ber, girders, bases, joists were hardly attacked.
Table 6 shows timber species in houses attacked
by I. minor. Out of 58 infested houses, the compa-
nies responded to attacks of the species in timber in
38 houses. Pine (Pinus spp. and Douglas fir) tim-
bers were the most susceptible to I minor, followed

by hemlock (Tsuga spp.), hinoki (Chamaecyparis

obtusa Endl.), sugi (Cryptomeria japonica D. Don),
and lauan (Shorea spp. and other tropical hardwood
species).
Countermeasures against infestation

In some of the infested houses in this survey,
multiple control measures were taken against the
infestation. Spraying with insecticide was the most
common practice, followed by replacement of dam-
aged parts, fumigation, and other treatments such as

painting (Table 7).
Discussion

Figure 1 shows the distribution map of I minor
based on the data gathered by the present survey.
The results clearly show infestation by this termite
in coastal areas of Hyogo, Osaka, and Wakayama
Prefectures. This may be closely related to the fact
that I. minor was introduced to Japan in infested

timber imported from overseas. In addition, we

Table 5 Wooden parts in houses frequently attacked by I minor!)

Attacked parts

l Number of

infested houses

1. Roofing materials: rafters, trim, beam, boards, pillars, 47
lathing boards
2 . Interior materials: window frames, door frames, pillars, 40

poles, paper doors

3. Timber in the wall: pillars, poles 29
4. Other: sills, door jambs, shutters, gates, imported furniture 25
5. Materials under the floor: floor lumber, girder, base, joist 9
1) Data collected from multiple answers in 58 infested houses.
Table 6 Timber species in houses attacked by I. minor!)
Timber species attacked l\'hllmber .
positive answers

1 . Pine (Pinus spp. and Douglas fir) 32
2. Hemlock (Tsuga spp.) 22
3. Hinoki (Camaecyparis obtuse Endl.) 6
4, Sugi (Cryptomeria japonica D. Don) 5
5. Lauan (Shorea spp. and other tropical hardwood species) 1

1) Data collected from multiple answers in 38 infested houses.
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Table 7 Countermeasures against the infestation that were used

in Kansai and Hokuriku areas!)

Control treatment

' Number of infested houses

. Spraying of insecticide

. Replacement of damaged parts
. Fumigation

. Other (Painting)

. No treatment

L I T

| 49

0o —= N

1) Data collected from multiple answers in 58 infested houses.

Nishinomiya

Fig. 1 Distribution map of I. minor in Kansai (left) and Hokuriku (right) areas.

obtained information on the infestation of I. minor
in Fukui and Toyama Prefectures by this survey.
From these results, although no infestation was
found in Shiga, Kyoto, Nara, or Ishikawa
Prefectures, we may conclude that the possibility of
infestation by I minor is much higher than previ-
ously estimated.

The highest infestation rate occurred in Kokawa,
Wakayama Prefecture (20 houses), followed by

those in Nishinomiya, Hyogo Prefecture (6 houses),

Uchita, Wakayama Prefecture (6 houses), Kobe,
Hyogo Prefecture (5 houses), Susami, Wakayama
Prefecture (4 houses), and Osaka, Osaka Prefecture
(3 houses), respectively. The main source of multi-
ple infestations in a specific area seems to be natural
spread via alate flight. As Morimoto (2004) stated,
some alates of I. minor could fly distances 800m-
1600m. On the other hand, the introduction of
infestation to other areas appears to be caused by

transportation of infested wood products by human

— 266 —



Infestation of Incisitermes minor (Hagen)

activity.

The present survey clearly indicated that the
highest rate (83.39) of infestation was found in
wooden houses over 5 years after construction. This
may reflect the facts that older houses have a lower
moisture content than that of new houses, and that
early detection of I minor infestation is difficuit.
Roofing materials such as rafters, trim, and boards,
and interior materials such as window frames, door
frames, and pillars, were the most frequently
attacked parts of the houses infested by 1. minor.
These results were very conmsistent with I minor
infestations in California reported by Harvey (1934
a), who stated that the original colonizing pairs of
termites entered from the roof between the shingles
and the sheathing. Another infestation in Louisiana
found particularly in window frames was reported
by Messenger and Scheffrahn (2002). These results
strongly indicate that those parts of a house should
be carefully inspected and provided adequate treat-
ment. This type of infestation is unlike those result-
ing from subterranean termite attacks, which mostly
occur in floors, joists, beams, and sills (Sornnuwat,
Y. et al., 1996), structural lumbers (Scheffrahn ef
al., 1988), and sub-floors (Mankowski and Morrell,
2000). The habitat of I. minor, infesting wood with
moisture content of less than 12 9% (Western exter-
minator company, 2004), may have a close relation-
ship to this attacking manner.

Worker (nymph) castes were the caste most com-
monly found in infested houses, followed by soldier
and alate castes. This is understandable, given that
the nymph population represents the majority of a
colony. Five-year colonies of I. minor typically con-
sist of a primary king and queen, 20 soldiers, and
500 nymphs. In 10-year colonies, one or more Sup-
plementary reproductives are present in addition to
the primaries plus 70 soldiers and 1600 nymphs. In

15-year colonies, there is one or more supplementary

reproductives plus 120 soldiers and 2600 nymphs
(Harvey, 1934b).

The majority of infestations (55 houses: 94.8 %)
were identified by detection of both fecal pellets and
attacked timbers. Based on the results of this survey,
we can say that the presence of an infestation is
mainly detected by accumulations of fecal pellets
under the infested part. Currently, non-visual meth-
ods of detection of dry-wood termites such as acous-
tic emission monitoring, sound amplifier, metabolic
gas detection, and canine olfaction (Su and
Scheffrahn, 2000), and microwave detection
(Mizutani, 2003), can be employed.

Among woods, pine (Pinus spp.) and Hemlock
(Tsuga spp.) were the most susceptible to I minor.
Because some companies did not know the scientific
names of those timbers, “pine” timbers may include
Douglas fir and Pinus spp. In addition, “hemlock”
timbers include western hemlock from North
America.

Regarding countermeasures taken against infesta-
tion, spraying with insecticide was the most com-
mon practice. This might be because this method is
inexpensive compared to that of fumigation and re-
placement of damaged parts. The following other
non-chemical control measures could be also em-
ployed, as Su and Scheffrahn (2000) stated:

a. Whole-structure treatments

Non-chemical : heat
b. Compartmental treatments

Non-chemical: heat, cold and liquid N»

c. Local or spot treatments
Non-chemical : -wood surface (electrocution and
microwave)
-wood injection (nematodes and

fungi)
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Short Communication

Larvae of the coffee bean weevil,
Araecerus fasciculatus (DeGeer)
(Coleoptera: Anthribidae), feeding on
pith of the giant ragweed in Osaka,
Central Japan

Kazuo Yamazaki!’ and Shinji SugiuraZ)

1) Osaka City Institute of Public Health and Environmental
Sciences, Tennoji, Osaka 543-0026, Japan

2) Laboratory of Forest Ecology, Graduate School of Agriculture,
Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan

A4 TSIV EOHOERTBIVIIESTFAY DA
% Araecerus fasciculatus (DeGeer) (Coleoptera: Anthri-
bidae) OHR —K )« BEEIAT (VKB
BRI, B SRR T R AR A
REERF AL E)

BOWF, I—-b—H, HFEELCOoONMRNLE
HTHEIYIFFHI I LYOHEN, XX TS
H OFEICEILL T 5 0%, REATRFIFIIEIC B
WTAERRR L. AFEOHRIEIA LTS 7 4 EOH
ZEAL, Toh it L, Bl L BRSh
Fofh oY A 2 ERE M SHERIT 3 &, BN A
Ty o REEERALKD SR EER
Shic. AA TV OMENAED HAT TOHIEE
Fie UTHEEL, D8R E L TEESHBEP TR
Ve EAE 52 S rREHL S 5.

We observed that the larvae of coffec bean weevil
Araecerus fasciculatus DeGeer (Coleoptera: Anthribidae),
a cosmopolitan pest infesting various stored crops such as
cottonseed, coffee bean and orange fruits, bored into dead
stems of the giant ragweed Ambrosia trifida (Asteraceae)

at the riverbank of the Yamato River, Osaka City, central

Japan. The larvae fed on the pith of the giant ragweed,
pupated and eclosed in the pith and exit from it. Judging
from the size of the larvae that were found in the field and
developmental period which has been reported so far,
oviposition may have occurred from autumn to early
winter when the giant ragweed ceased its growth. The giant
ragweed may function as a breeding site for 4. fasciculatus
in natural setting, resulting in infestation to orange fruits

and stored crops.

Key words : Coffee bean weevil, Araecerus fasciculatus,

Field, Host plant

The coffee bean weevil, Araecerus fasciculatus
DeGeer [=A. coffeae (Fabricius)] (Coleoptera:
Anthribidae), is a well-known cosmopolitan pest
infesting various stored crops such as cottonseed and
coffee bean (e.g. El Sayed, 1940; Childers and
Woodruff, 1980). Recently, orange fruits are
frequently infested by A. fasciculatus (Childers,
198242, b; Etoh et al., 1996; Grout et al., 2001).
Araecerus fasciculatus originates from South and
Southeast Asia (El Sayed, 1940). Although diverse
plant materials have been recorded as hosts for A.
fasciculatus in stored or agricultural conditions of
the world (Bl Sayed, 1940; Childers, 1982a), hosts
of A. fasciculatus have infrequently been recorded in
natural setting. To regulate the populations of pest
insects, hosts around farmlands and in natural
setting should be known and managed properly. We
found A. fasciculatus larvae feeding on stems of the
giant ragweed, Ambrosia trifida L. (Asteraceae) at
a riverbank of central Japan, so their feeding habit
is reported in this short paper.

We found coleopteran larvae in dead stems of the
giant ragweed (Fig. 1a, b) at the riverbank of the
Yamato River (34° 35’ N, 135° 30’ E, 10m a.s. 1),

Jpn. J. Environ. Entomol. Zool. 15 (4) : 269—271 (2004)
EEE E15% #45269-271 (2004)
e 200445 6 A 3 B 3 ZH : 2004510H 6 H)
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Osaka City, Osaka Prefecture, central Japan on 30
December 2003. The riverbank was located at an
urban area. The stems (in total 2.5 m in length) in-
fested by the larvae were cut off, placed in plastic
bags and brought to the laboratory. The collected
stems were split and the larvae were observed in the
laboratory. Then, the larvae were found boring into
pith of the stems (Fig. 1¢). Thus, we split all the
stems, the pith was enclosed in two 200-ml plastic
cups, and the larvae were reared under laboratory
conditions (ca. 15-20°C). As a consequence, the
larvae pupated in the pith and thirteen adults of A.
Sasciculatus eclosed from early February to late
March 2004.

The giant ragweed, originating from North
America, is an invasive alien plant and negatively
affects native vegetation in disturbed or early
successional habitats of Japan (Washitani, 2002).
The giant ragweed is an annual herb, grows up to 3
m until late autumn and overwinters as seeds
(Shimizu ef al., 2001). Since A4. fasciculatus larvae
found in the stems were medium-sized (<3 mm in
body length) and the developmental period for A.
Sasciculatus from egg to adult (ca. one month under
26.7°C, Vitelli et al., 1976) seemed to prolong be-
cause of low winter temperature, oviposition by A4.
Sasciculatus adults appeared to occur from autumn
to early winter.

The main stem of the giant ragweed grows up to
40 mm in diameter and bears soft thick pith
(Shimizu et al., 2001; Yamazaki and Sugiura, pers.
obs.). In order to inspect whether 4. fasciculatus
larvae feed on stems of other weeds, we split several
stems of the tall goldenrod Solidago altissima, the
hairy beggarticks Bidens pilosa and the Japanese
mugwort Artemisia indica var. maximowiczii
(Asteraceae). But, the stems of other weeds were
not infested by 4. fasciculatus larvae. Thick soft pith

of the giant ragweed may be suitable for oviposition

#®

and subsequent larval feeding. Dead stems of the

giant ragweed may serve as cradles for development

o  mmm

Fig. 1 (a) A senescent patch of the giant ragweed
in which A. fasciculatus larvae were found, (b)
Dead stems of the giant ragweed. White scale line
: 10 mm, (c) Two A. fasciculatus larvae in a pith
of the giant ragweed. Black scale line: 1.0 mm.
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of A. fasciculatus larvae. Taking into account of
recent injury by A. fasciculatus to orange fruits, it is
recommended that the giant ragweed is removed in

and around orange orchards.
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Butterflies in urban housing complexes in Northern Osaka
Prefecture. Masato Aoyagi (Chiiki-Kankyo-Keikaku Co.,
Takatsuki, Osaka 569-1123, Japan). Jpn. J. Environ.
Entomol. Zool. 15 : 273284 (2004)

Butterfly communities were studied in four urban
housing complexes: Satsukigaoka-danchi (Satsukigaoka),
Higashitoyonaka-daiichi-danchi (Higashitoyonaka), Asa-
higaoka-danchi (Asahigaoka), and Kori-danchi (Kori), in
northern Osaka in 1998. The numbers of species and densi-
ties (km™') ranged from 16-25 and 14.1-24.6, respectively.
The most abundant species was Pseudozizeeria maha in 3
sites, and Pieris rapae in Kori. Rebuilding of a housing
complex led to the reduction of species and density. For ex-
ample, densities in new building areas were 0.3-0.4 times
those in old ones. This reduction is considered to be due to
the loss of the grass around buildings.

Key words : Butterfly community, Urban environment,
Rebuilding, Osaka
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R AN 7.82 (91) 4.12 (25) 4.47 (51) 2.41 (14) 2.14 (13) 0.81( 5)
Yy vvs 0:18 ( 2) 00 0.37( 5) 0(0) Q) 0(0)
YNALY R 1.06 (12) 0(0) 2.3727) 0.56 ( 2) 0.55( 3) 0(0)
FUTFaw 0.08( 1) Q)] 00 0(0) 0(C0 0( 0
vesakavEY 2.94 (35) 0.15( 1) 1.46 (16) 0.49 ( 3) 2.14 (12) 0( 0
IRV 0.09(C D 0( o 0( 0O 0(0) 0C 0 0( 0
RV IRY 0.73( 9) 0.13( 1) 1.27 (14) 1.36 ( 8) 0.55 ( 3) 0( 0
EATHE TN 0.26 ( 3) 0.35( 2) 0.37( 4) 0(0) 0.17( 1) 0.17( 1)
AL5HHF 0.09 ( 1) 0(0) 0(0) 0(0 0C0 0C0
T<F5Faw 0.08 (1) 0(0) 0(o 0(0) 0( 0 0( 0
EATSF IV ) A Q) 00 0.77( 9) 0( 0 0.55( 4) 0( 0
AT v/ A 0( 0 0(0) 0.07(C 1D oo 00 0( 0
F2¥5E€Y 0.09(C 1) 0(0) 0( 0O 0(0) 0( 0 0( 0
F izt 1.08 (12) 0.35( 2) 0.42 ( 5) 0.16 ( 1) 0.65( 4) 0.98( 6)
f4FEVSERY 0.18 ( 2) 0( 0 0( 0 0(0) 0.33( 2) 0.30( 2)
TEREE 23 13 18 10 16 10
L BEE GER 27.18 7.94 21.58 8.41 21.78 7.61
(323) (49) (246) (49) (125) (48)
FE~GHAEREE (km) 12.18 6.55 12.09 5.64 5.95 6.42

* AR & b 4 TR A hc kBRI L 7.

ok T avHIE AREEE bICE
Bz RoXEICE  HRT AER»BED SN, T
NTHERZ ONEE, FavERBLTAIE
BT dhi. BHc@EBINEATHWSE Y i,
A Yk, FROABFEESBEAET > TLQ
WEHEHR SR TOUR DR, BEIICLS
mECEDLYLEEZEZ SN,
EEZAOXHEITHET ABERNOEHERY S

FIVUI,YUNAYTI, EATFTFI V)
ATHo7z. WI3F IV VIRBHEIENDD
o, WA ZEMEGFL L0 S (BHS,
1984b), EEILICE D HEDZ 75 - I BB L 1%
ORBEIZRBE LI W ETEESh S, AR
OXEOEHFEICIE, VA Y VI NAEEY
EtEpaeyFERYOVA I YREETS LD
EHIA B - Fo S, B Z %0 XTI EE
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HIBICBEEHbY, awYFrFERiay A7 4R
BEAERLE s olch, BELZOXE TIIM
WThRNEEZON, FhbATYSFI Ty
J AREMERS, A xBBLUOAYYY IHE
EANY A AEEY S35 GEH S, 1984¢). B2
BEMABICEEAROKENICK T 2 EMREDOD
HEBABEOLEBEMICEETWREE L -0 &
ZZohi. Tho 3EREBBRAORELRbR
HieFaoFLnA k.

—%, BEABOXEICEAFTHE L THER
LBl vy bV ITHo-k YTbhY Y IR
TABHNREBCRLLSHES L Eo—] (BH
5, 1984b) &Fbh, - REMEYETEH F N
IR Lc B v 2 ) - b oFEhE
KHEBTES. COXHIAHENLOBEL®HD
KEICELT2BENE - EELONS.

Yo by I LA EEM T IR s TV
AR ETRERFEEN0ISTHLEFITHN
MY b Y20 TEEBEZZOXEICHEL
fo. By ECIREREENLOOLLETH-1FF 5
YERYIRAY, BRETREREEML0OL LT
HoteFxFaw, EVFFay, FITHN M
L0998 TH-cF v/ 3xttY, 097TH -7
TrvoFa v BRI BOKEICEHBELT
Wiz,

BB EVIORERLE, FarvHORES &
UH:BRESORYDE 03I B ST -
7o, ThIZBBA L 0 BYH»EELL B B
Alcl &, oMo EMMPHESICE X HBb -
TRl ERENFEL TR EEL SN,

3. #HILIZENF 2 v

KM B BB EELI0EER 3 IR LT
A5 B, BEEABRW L IFMTY PV
INEBEETH -/ TV by Y, F3
THEN, FFavD3BEITNTOHMIZE T
BEEMSHEIIA-TEY, Chs 3BIIEER
HMTHROEFLF a VHESEZAS. IHIKTANT
OB S FRI0EICA - T B F 3 HME

vvaFaw, Vel akavey, Xy U3,

”

TARUTHN, RV IAVTHE. 2o s5HE
125D 3 AN A 7 8 FEASKBRATALES @ FlHh T ¥
BICRONEFavHTHEEEZOLNS.

Mo cEBIcRohs F a 7 ITETHEL
B, TRHLBEMICRNF a VHEEZ SN B.
o 8EDHIB, HINIEARBELET LV
VUIEFUFUREDAANBERELT AN
VU AE, TRTABMICHEES W B Y
ERHTEEDOTEBRRBTHS. Flhov< b v
VIDHBETAHNSNIE, BidoLd kT vy
)—boENBICHEETE AATREICLRL
HAEYTHSE. COXHIKHHBECHEIETE
7o F a VEORMILARNISHER, 55038 H
{LISECH ERIAT o ENTELLEHIIH S &
EZZohb.

FETLMICA-TWAEELVFF 373, Yo
VAIHREDTAREARERFELLTEY (E
M5, 1984a), —RAICH TEBROETH 5 5,
HERUNOFEM TEERBES D AT £
FFaUBLZWI ENFROF 3 vEMAERES
FTOBY, I ARBEREYNZNES D C
LD T, EVFF aunoE L b
HlHEHEATEAL. EvFFavidEEOH
HTDHEZP -7l &5, HHLIEHCF a ¥
HItaGH3a I ER3TEEL.

HHE (1999) FXEEICB T 2 BH#ELEE LT,
EvypFay, ¥hVI, FITHN, Y
</ akavEY, FF a3y, TEIAITHN,
LFEVVREVDTEABIT TS, £0 8
OKRBILEORMcEBIc R oh 3 F a v Lk
NREHEE, Ry VIERVIRIYMNEENTIS,
A FEVDERYIMD > THBENRE > TH
5. Ry v iiEBz o HithNOREMICAEYT
BFUFUREOHFEMMERNMATE i
BLTWa&EEZ M5, ikt &, ¥
FUREBEET S L3 BEMNRDA TN D
T, N= ¥V I DA FEHMN &0 [HTEEE]
ERBENRETHAD. v IxVREELLaF
TFFERVEY S EOFIMEYAMHICE CHE
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¥ ¥

£33 KERFILED 4 >o#FEH GEETAEA &, R HEEZESF, BEY L, HAHER) &8
FAELEF a3 v EAL10BO 1kmdb 72 b o WEREEE (5D
(LA HAY E R&p Bk F B
1 S NV Yvhvsl Yo byl FFam
6.33 (117) 5.41 ( 88) 3.72 ( 76) 3.21 ( 39)
2 + I THEN tryvoFav EvvaFay EVvFFa
2.76 ( 55) 4.03 ( 66) 2.17 ( 45) 2.13 ( 25)
3 yesoktavEy FFay FITHN Rz 93
1.98 ( 38) 3.35 ( 40) 1.83 ( 41) 1.48 ( 17)
4 FF g FITFHN YINAU DR Yo bhbvi
1.86 ( 35) 3.20 ( 55) 1.81 ( 36) 1.27 ( 16)
5 xriaFagvy s akagEey FFav FITHN
1.50 ( 35) 2.34 ( 39) 1.56 ( 33) 111 ( 14)
6 N=v P32 R IRY yesokavEy Vi /A =R A R
1.05 ( 21) 1.50 ( 24) 1.49 ( 30) 1.02 ( 12)
7 Ry IRV Rz 93 TARLTHN TyvaFavy
0.93 ( 19) 1.40 ( 25) 1.34 ( 29) 1.00 ( 12)
8 F Nzt WINA Y Y3 Ry IRV F o kR
0.79 ( 14) 0.90 ( 15) 1.10 ( 25) 0.81 ( 10)
9 VARAY DR TARIT 5N T Bl TARIT SN
0.66 ( 12) 0.87 ( 16) 0.81 ( 18) 0.47 ( 6)
10 TARDTHN FrixtEtY YSFIVYL B
0.61 ( 12) 0.50 ( 8) 0.71 ( 14) 0.42 (5)

BENTHAZEEROHABRNH B LEEZLSNS.
A FEL VLR MEHHTEMEIZASZOER
REESMTIRENL. 1 FEL VY BBEHMEN
RNEREA, B2EEERIIKETHE2 NS
(fEm S, 1984c), Wik iF 2 ABHOZ LI
HHETET H 2 kA OFESL/KEEBE O KNG EH

a) JFf O ARGEARRRE (1), 277p.
RHER « KK - EHE - B - SfFES -
M - HAPEE - BERTE « EIRZ (1984
b) Ef A AU RERE (D). 373p.
RHEX « fk— - BHAR - R - S8ES -
M2 - FHPEE - BRTH - EUEZ (1984

EATBEEZONS. c) Ff 0 ASHEARERE (IV). 373p.
5L (1997) BRENE 8:198-207
31 IOk - -

HHFERL (1998) MO KFEITFRF
11:69-75.

HHEGL (1999) Bl & HR 34 (7) :27-30.

#MsEsL (2002) BREJE 13:87-92.

T2 & Hil
HIEA - FREE (2002) BREE 13:203-213
BHEX - k¥ — - BAR - 5RH - ABES -

HHZE « BHTHEE - HHTFE - IRz (1984
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FiFR 1-1 19994 5 ~10H IC KRAFMET A » REAMICB W TF 3 VEHS A vV 3 24T
7oRAEH, AEREM, [BRHE, BLURARE

#A#EAQ AR X 1B &, iR (°C) FEER (km)
5A14H 10:05-12:00 i G 26.0-28.2 3.84

6H 8d 9:48-12:10 i} M- 24,5-28.3 3.48
78 8H 10:02-12:13 i} - 27.5-29.6 3.36
8H20H 13:29-14:25 i 75- 32.4-31.2 2.86

98 14H 9:39-11:34 i} - 28.3-31.3 2.95
10H 12 H 9:32-11:49 =P H-55 26.8-27.8 2.97

Mgk 1-2 19994F 5 ~10H IC KR ERTTREFFE—HicBWTF a vHES A vV R %
T-1-HER, AEEM, K2%MH:, B X OFHAHS

#ALR AR AR X & J& sud (°C) FAAEEBE (km)
5H26H 10:15-11:20 L 55 22.9-22.6 2.45
64148 9:52-11:33 & - . 3.17

78 9H 10:00-11: 44 i I%-53 26.5-29.5 3.21
8H17H 9:58-11:40 g/ % -85 30.5-32.2 3.01
9H21H 10:22-12:12 2 f#E- 59 29.0-29.0 2.63
1084130 9:45-12:44 = M -59 25.3-28.7 2.61

Mizk 1-3 19994 5 ~10H I KIRFFEFHE » EFMbicB W CF a v TS 4 v v 4 24547 -
CHRA R, FARRE, B, BIUHEEESE

#HEH FARFRT X 7 &, s& (°C) AAEE (km)
5H25H 10:35-12:01 I & §5- 23.6-25.0 4.11

6H 9A 10:08-12:21 i - 55 25.6-28.1 3.91
7H 7H 9:59-12:06 iF7 M-53 28.3-30.5 3.46
8A13H 9:54-11:44 g/ & W55 31.1-31.5 3.69

94 13H 9:37-12:17 %/1 55 28.2-29.6 3.85
10H 14 8 9:57-12:36 2 - 24.4-26.0 3.10

M&E 1-4 19994 5 ~ 10 ICKFHM S HBERERHICB W TF a vEHS A V2 v H X% fTo 12
FEH, AEEME, [REM, B UHETEYE

FEH A R O JE KR (°C) FHEEEHE (km)
5H21H 13:00-14:23 i - 55 30.7-28.7 2.39
6H10H 10:00-11:56 W/ 2 - 26.5-27.7 1.94

7H 60 10:00-11:46 =} -5 25.3-27.0 1.84
8H12H 10:28-12:32 21 -55 31.1-31.6 2.08
9H10H 9:38-11:16 & 4 - T 29.2-30.0 2.14
10H 158 11:32-12:47 g -9 24.1-22.9 1.99
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Mk 2-1 w%EKﬁWEMBmEE&&Eﬂuﬁmtﬁ%éﬂt%;ﬁﬁ@@%ﬁ

i1 5H14H 6581 7H7B gg208 9H14R 10H128 &Ft
TARVTHN 2 2 4 2 1 1 12
FITHAN 12 16 10 8 7 2 55
7aTyN 5 1 1 1 8
FHHF TN 1 1 2
HIATHN 2 2
FFav 13 1 1 11 9 35
EVFFaU 6 6
svivaFav 1 12 3 3 10 29
AE AN 4 4
LoYFL IR 1 1
=y P31 4 3 8 1 1 4 21
75 F3IvYI 1 8 9
byl 5 31 4 37 40 117
A 1 2 3
YRAL T3 2 1 9 12
FUTFar 1 1
Yy okavEs 2 5 14 1 5 11 38
a3IRY 1 1
Ry IARY 14 4 1 19
EATATTN 1 1 2 4
aLTYF 1 1 2
x5 Fav 1 1
¥R i 1
Fr ikt 1 13 14
fFEYIEEY 2 2

B Oy 8 10 10 8 13 12 25

k% 33 74 80 21 75 116 399
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b4 #

Mg 2-2 1999FIC KB EPHTHEPE I B L THES AL F 3 Y HO KK

& sH26H 6H148  7H9H 8H17H 9H22H 10H13H &
TARITHN 9 5 2 16
+FITHN 6 14 9 7 17 2 55
FTHN 1 1
T aTH N 1 1
AT 1 1
FFa 3 5 2 7 14 9 40
EaFTan2 1 1 2
E PP -E 7 5 11 3 16 24 66
MIFLLII 1 1
LoHFsI3 2 2
K=y g3 9 5 4 3 4 25
Ye by 1 7 13 24 43 88
WS ALY 1 5 3 6 15
vw¥oesvEy i 7 6 12 13 39
HYIRY 13 3 3 2 2 1 24
EAThE T 1 1 2
EATw A 2 1 1 4
a/zFavBo—i 1 1
Fx¥aELY 1 1
Frigntt) 1 2 5 8
1FErTEEY 1 2

i 5 1 10 12 14 13 21

Bk 31 42 55 55 99 112 394

— 282 —



b4 #

Mk 2-3 19994 KEUFEHTHE » EMtlic s W THBI W F = 7 HOMEK

b -4 5H25H 6H9H 7A7H 8H13H 9H13@ 10H14B A&
TARITHN 3 1 16 6 3 29
FITHN 11 10 5 15 41
a7 1 2 3
FF a7 3 2 8 1 10 9 33
EvFFay 2 1 3
2yyaFawy 2 14 6 3 19 44
vSELYY3 5 2 7
Ry i 9 3 4 1 18
T5F IV 3 10 14
R A=l SO 3 8 9 20 36 76
IR 5 5
YRAY D3 3 3 7 22 35
verakavEY 1 1 5 1 6 16 30
Ry IRY 5 13 5 1 25
EATHTFN 1 5 6
aLTHF 1 1 2
I ¥S5Fay 1 1
EATSFIVe ) A 2 6 1 9
EAT % /A 3 3
F R EEY 4 3 7

B O 7 11 11 8 18 12 20

{3 15 60 66 30 95 125 391
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ik 2-4 1999 IC KB A FEFIZBOTHREI N F = Y H O B

it

#

' % SH218  6H1wHa T7HeH 8B128 9HI0A 10H15H 4
TARLTH 2 1 3 6
F ITHA 2 3 2 5 16
ZaTN 1 1
FFary 1 12 3 2 17 4 39
ELHEF T 21 2 1 2 26
EvvoFary 1 4 1 2 4 12
PR B 1 1
Rz yi 7 9 2 | | 20
TRy Ui 1 2 13 2 18
YRE LY 2 1 3
v/okasvEY 1 5 1 3 2 12
R I RY 2 1 1 1 5
EATH T 1 1 2
EASSHI DA 1 1 1 !

FyixeEl 1 4 5 10
1FEVIEEY 1 3 4
i % 5 9 11 12 11 8 16

R 9 52 28 19 51 20 179




