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Gouhara Sawako, the First Female to Obtain Doctorate Degree of
Engineering in Japan

KUBOTA Kenji 2 TANIGUCHI Yoshihiro 3.4

Gouhara Sawako was born in May 1929. She enrolled in the Faculty of Science and
Engineering, Ritsumeikan University, to study electrical engineering. After her
graduation in 1954, she pursed a higher degree with the Graduate School of
Engineering at Osaka University, and majored in Communication Engineering, where
she studied communication technology in Kumagai Laboratory. In 1959, she was
awarded the doctorate degree in engineering at Osaka University; she is the first
Japanese female to obtain a doctorate degree. Her thesis was expected to contribute in
the development of communication technology and electronics. Because of her skills in
mathematics and physics, she enrolled in the Women’s College of Kyoto Prefecture,
Major of Physics and Chemistry, to study advanced mathematics and physics. Through
these courses, she developed an interest in science and engineering, and made her way
into the communication technology. After her doctorate degree, she was married to
Mr.Kawamoto, an assistant in the Kumagai Laboratory, in 1960. In 1967, she founded
the Komoda Giken Company with her partner. They developed the original technology
of information disposal and automationcontrol technology as a research-oriented
company, which was later incorporated as Komoda Co. Ltd. In 2008, the president, Mrs.
Kawamoto became the chairman of the board of directors and later the chairman of the

advisory board. She died at 89 years, in January, 2019.

Keywords: Gouhara Sawako, Ritsumeikan University, Faculty of Science and
Engineering, Osaka University, Graduate School of Engineering. The First Female
Japanese Doctor of Engineering, Women’s College of Kyoto Prefecture, Kumagai
Laboratory, Komoda Giken, Komoda Co. Ltd
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1956(S31) 5.1|2458| 26|11]13] 1 1 1010 | 3 3
1957(S32) 5.1 | 2595 | 25|14 | 10 1 933| 5| 1] 4
1958(S33) 5.1|2895| 15| 8| 6/ 1 936 7| 2| 5
1959(S34) 5.1|2879| 18| 8110 888 | 8| 3| 4| 1
1960(S35) 512758 | 21|12 9 95| 6| 2| 3| 1

_11_




1961(S36)

1962(S37) 51| 2782| 20|10 |10 912
1963(S38) 5112590| 16| 8| 8 941
1964(S39) 512557 15| 9| 6 906
1965(540) 5312516 17|10 7 798
1966(S41) 5312564 | 11| 8| 3 711
1967(S42) 5312650 | 14|10 4 676
1968(543) 5312861 | 18|10 | 8 669
1969(S44) 6.1]2964| 21|11 |10 673
1970(S45) 6.12836| 22| 9|13 677
1971(S46) 6.12930| 26| 8|18 694
1972(S47) 6.1|2871| 30|12 |18 632
1973(S48) 6.1 2862 | 38|14 |24 580
1974(S49) 11.1 1 2904 | 7 511
1975(S50) 6.1|12909| 4114|124 3 520
1976(S51) 51| 3179| 44|15|26| 3 AT7
1977(S52) 6.1|3059| 51(20]|29] 2 443
1978(S53) 51(2979| 50(18|29| 3 439
1979(S54) 6.1]2871| 60(25|34| 1 397
1980(S55) 51]2688| 59(22|36| 1 376
1981(S56) 51]2685| 57(21|35| 1 379
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1982(S57) 511]2792| 69|25|43| 1 354 | 4 4
1983(S58) 512924 7312939 5 349 | 8 8
1984(S59) s | 2760| 7213334 5 304| 9 9
1985(S60) s | 2697 713231 7| 1 237 | 10 10
1986(S61) s | 2522 58|28 |23| 7 187 | 10 10
=
1987(562) s | 2343 ] 502717 3| 1 , | 1559 9
r|\35
1988(S63) s | 2506 | 65|35|18| 2| 2 ;ﬂ 154 | 7 7
=
1989(H1) y | 2526 | 75|40 24 2| 1] | w7| s 5
r|\35
1990(H2) s | 2765 9743|35] 2| 2| 4 ;1 132 6 6
1991 (H3) » | 2948|123 |45 48| 5| 2| 6 E 96| 2 2
%
34
1992(H4) » | 3351|204 |56 67| 5|10(21|®m | 61| 2 2
%
11
1%
52
1993(H5) » 3492 277159|83| 5|24(33|® | 30| 2 2
%
21

(1) 1982 FPELIRNITIAA L EEIRIERTAE TR, 1983 FE LI EATEIC L D,
(FE2) A PRI 2R 15 - 2 R T2 4 2R O N4k,
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@) Rz 7120 TR, BROKEZ T KRETVXNT — AT R
https://www.lib.ocha.ac.jp/
BHFAZOWTIE, ALFL~OFF LFL S A —LFh 178~182 H 2020
B, BEOKLAKRFT VX NVT —H4 7 X https!//www.lib.ocha.ac.jp/
ERHLMNZONWTIEL, BRI 80 HFEL 50 12 5 —FH LWHFEDIZDIC
P 80 AR L B ARG K FEE L7 48,49 H 1988

(B) #EHF RBFl Y X — BOREREE R FEETIAAE 5 34 5 95,108 H
2004

(6) IUAZER T 1920 4F B4 IS 5 OSBRI AEE K K SCEAE
T 115 59,73 H 2016

(7) /NINEH A EH ORE L GRL Studies Vol.2 36,37 H 2019

®) MERFHIAE] = 62 H 1932, [HUESHEMSEH45%] 307 H 1943

(9) FEstizx [HEsti] 164,165 H 1966

(10) ~ZAvEE RFE T 285201 1949

(11) MERFEMEE] 77 % 822 5 261~267 H 1957, 78 % 841 % 1333~1339 H 1958
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NAFAT 4 22T 2 M X ADHERZEOINH
DR R D EI HEED, BOK R D, iR AT

Inhibition of plant disease by bio-stimulant
Motoki Kubo, Yugo Kumokawa®, Kurumi Higashimoto?, and Kiwako S. Araki"

In order to compare clubroot disease of Brassica rapa between chemical and organic soil environments,
chemical and organic soils were prepared by applying chemical fertilizer and organic fertilizer to the same
base soil. Significant changes were observed in soil biological properties between chemical and organic
soils. Bacterial biomass in the chemical soil and the organic soil were N.D. (below the detection limit)
and 7.8 x 10® cells / g-soil, respectively. Disease Index (DI) of clubroot disease was measured in
pathogenic chemical and organic soils for the quantitative analysis. DIs at pathogenic chemical soils were
higher than those at organic soils. When wood vinegar and Bacillus subtilis were used for inhibition of
clubroot disease, addition of both bio-stimulants to soil significantly contributed for decreasing DI of
clubroot disease.

Keywords; bio-stimulant, plant disease, Phyllosticta brassicae, Bacillus subtilis, wood vinegar
E-mail: kubo@sk ritsumei.ac.jp

RVAI VNS SN S A S R 2 v
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XTI

(PR & B A 5 B2 (B TR b LT 70 H=LL 2Nl Uiz, I, #EC X 2hpisE (G
TEEE) OEDMRZICE S o TD, AU TRIED 72D, BHUTABMZRA L2 ]/p v Hhofk
DR P LT 2 & T, iR T D HEF U EFR OB DR DO—>Th 5 & bt T D (AR
2020), EYEFEEORMSTIEE LT, WREEZRERT 57200 (AR NEEEREN T, L
DU BESEOEAIC LY . TSI S B2 leo THD OB TH 2,

R Z S, BRI CH DR Z 59 (Phyllosticta brassicae) (2K > CH| &I SN DEMHETHY |
T 77T RO ZEGE U, RIS 2 7 E TR D (AR 2020), ARZS0IE, RISz 71280, 1)
DK OWMDMIT Hav, Kl O EIEORIEL S| R 27, RSP RGO B8R s
FECTIRDBERIE LTS JERAL L7ARDSERE T2 &L P DARIREE 703 R HEE T S VA AEIEER T
%o TR SN, BHIRAEGT 5720, BRSO ch b, ZOMWREIL 7777
FHEMOEIEIZ L0 RO 58 FEEO—>TH Y . HEEAFEO RS L VRS T,

AGRSCTIE, AR & AR BRI NS L DI SORY,, 7 A A AT 4 127 bPORE
SRR A HIHPIRI DUV THT 21 T o 72,

Itk
NS R T I 2T

AREERIE, Rt ) ORBR) 2 BREENZI2W 2, B subtilis BN1001 1, () BIG7— <=7 U7 (K
) DBREIENZTAW, KRR, ARZ SR EIZ0.1% W) BEU0.5% WW) WAL, B subtilis
BN1001 I&. fBZ 59 112 1X10° cells/g—soil, 1X10° cells/g—soil, 1X107 cells/g-soil. BLTN1X10°
cells/g=soil 12725 X 9 I\ THHE LT,

TLF 1L, AL, Fodk O D FR

N=IF2TA b (BBHEEPE, iR, Bt (AR, 25, Bt (FEEERE, iR) 25 :3:2 (v/v)
TRELIZHDEN—Z L U, N— A MR E 7 TARIER A SR L7z & O 2 b T E 7 1 A1
158 L L7= (Pholkaw etal. 2019), Fitid, AR Z 5Pl 12242400 82 1. 0X 10" (10,000 f#) Fa-1-/g-soil,
1. 0 10° (100, 000 fifl) iz 1-/g-soil, 1. 0X 10° (1, 000, 000 fi&) el 1-/g-soil Adii= & D% Hv e (412 5. 0X 107
(5,000 f&) Ha7-/g-soil DR Z S THFAET UL, R SHEIFIET D)

HER)IS L OMER et
Brassica rapa var. perviridis (IM3%) 135 A FEE U 7 OEEA LT, WEORER L, WEnEE (154
CIESR - 4512 hy R @ 23°C) THEETEMR 4 BT o7, KIE BKFED 30%I272 0 KO IOEEE- 2 T2,

TR SFSHEFHE (Disease index) DWE

IWHE LT~y O A 7ITROIEIREE 2 LU D b B TRl L 7=,
Class 0 @ FSIEMEL
Class 1 @ fIRICOI NS Tea 703 é %
Class 2 : FRITNE a7 ndH 5
Class 3 @ FARICH~IHULO 270350 | FEMDOEE 24872 5 FIREMD B 5 (AR TAEAT)
Class 4 @ WRDFERITMEE S, ORI FELZIT D IREEIFHS L ITER

b BePEHOOFE RS, LT OB ECERAFE . (Disease index ; DI) ZHH L7~
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DI = (Ing + 2n, + 3n3 + 4n,) 9
4N,

(ny~n 3K 7 T ZADOKHEE . NtIRREE=~T,)

100

AHEY 2T TG L UMD 5 D DVA 1

TV T ORAE O DNA L, Slow-stirring {EZL V17572 (Aoshima et al. 2006), 2> 5 O DNA
OFfHNE, ARITATAE UTe T2 K ThEd LTt BRI C 16 fIoves 4 3[eHT 7o, D%, 5% T4
J U1 R L, IGKEEESRIET Y U AR 3 0fIR Lic, BEE L7oREZ T VA CTT 0IEL, L
BRODITEET DNA ZHhH L7,

RRBLUBE
LRGSR S

b7 TR & AR e TR DAR Z SR OFIE AT~ 57280, F b JOVER
ORI IIE LTz, L HETIIN D, (RIEIRALIT, =6.6X10°(E, g 148%) ThY, AR HETIIT.8
X 10,/ g THETH o7z, KTEEIRZ SHEZHERE L, £ 2 TET ST/ IMASROR Z SRGL - FEIE 4 iR
Brifed 2 A, b7t L ARETHEOM HEIZ IV TR Z SRORY - FEIERD bV, LLaens, Ak
TP L D LR Z SWRERREU R »7- (M 1) . Ziud, (b EEc gy, e
AR DIAEYECOREN S E 272, 2D OBEMHMR Z SRR LISEIICER L, iR Z 5SRO %
Pl L7z &35 2 iz (Pholkaw etal. 2019 ; Tran etal. 2021), {b7 48836 JOVERETEEICIS1T 5/ IMASEDR R,
WO HEEREE TR T OB 2 D IS PRI T LT e, E7a, iR SHA~DRGED Lz
e, MRENBAF Ch oz, ZNHOREREG | (PO AT T2 Z LIk 0 RIS
YL L Z DR X DI T O Tl % £ B2 iz,

100

80 r
LR e b

60 -
OHHgLE

REREH ()

40 |
20 -

A B C
B1 NMAROBSREBEY (AL sBMBER)
A:1.0x10 lF /g, B: 10X 105 fF/g. C: 1.0x 108 fF /g

BRI L= SR S OHI]

REERIL, AM AR LToBRZAE COAREA A L TR BRI D L5 TH Y | IRBERFORIFEY & LT
FEESNTND, WIS, BE~TED DI TIEE A LIRS TH DN, Tva—E, HvR=t
G, 7=V LTI T U R EOICEINE ENTWD, £, AM OB R B OATEFRE
FNTNDZ LD, REHRIFTERMEZ R, AFERITEE ORI L U TORBRSIVTUZ, BERIRR) LTzT
DRI L 7o o TN D, BUEIR, B0 solE, FHOR, T RFOME CREEEM & L TiiesitTund,



AR E EI G, A HER, AT

TR OARFRRIL, 7 < 2> DRI AEYRE 2 BT 2E & L TR BIVT T2, ARRRE /S A
AT A2 2Ty hE UTEST, ABHERIMRZ SIS G-2 DR AR~ (bt & AR TR Z S
Ze N H A RS . RERR A TN U IMASE 2335 LTz,

et Opit) Ofds LioMa3ad, RO SIREZHREL Qe (R 1) CfgE LS8 1Y
RS, i EEE (R 138 Le, UL, AEREROIRINC L0 i ERE S EICEiE T, AFER
DOEMEZERLT Z L2 SIS LT, B SRRERER 0D ZfT Lo & ZA, AREREROUINELZ Y
WD LT (22),

FHETHECH R IMASEZ R TS 2 & i BB Lo, AREREOTINC L0 [BHE L7z,
7= AR L [FRRS , AREROTSING & 0 IR Z SYIRBFEEI TN T Lz Z & 0n 5 | RBRRONED G0 %W_o
TNHORERNG, AHERIIM T 18 & B RO O HEEREHI TRV C, B SRR H 5 Z L3
HHLE (X3),

A B
12 100

o 80

£,

N 60

~ 6 =

" &

", o

#® ]

£ ¥ 2

< \ ,
0 50x10*  50x10*  50x10* 0 50x10*  50x10*  50x10
0 0 (8] 05 0 0 0.1 05

RSHRT (BF/g) (LB RESHEMTF (lF/e) (L)
AEER (%) (FB) REEHE (%) (FB)

B2 LFLBEICHTHMRERESTRISREBER
A MARER, B R BIEY

A B
30 100
25 .
{ﬁ ® g 60
515 g
# 5
% ¥
£ B I
0 0
5oxw‘ sox 10‘ 5oxw 50><10‘ s0x 104 sox 10
ﬁ.'_ ?ﬁﬁﬂ?(ﬁﬂ?/g) (J:Eﬂ) ﬁ-_ A ﬁﬂﬁ?(lﬂ?/g) (J:E)
KREEH (%) (FBY) KEEHE (%) (FE)

3 FHIRICEITH/IRREESIVRCSHREBER
A MRREE. B:REER

Bacillus [FAENC I SR SSHOHIH]

Bacillus AT, IFRA072 HEBRRIIA i L, HEFOWERERICHE S L5, hoOBRBEMED D
HARUR G ATRECTH Y | HEFOWEIFERD U —F 1 7 E U CAE ST BT\ 5, B subtilis BN1001
\Z L DR Z SYROMIHEh R 2T~ 572, AR Z S ThiEE L7z, (bl 2R 2 Sigidst 0D
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1%, BN1001 FROAEEEIZ & 0 #iifi] S 7 Tu e, ARETEEIZISW T B REROERIDGERD HIEDS, AR Z SViRRBFaE
FEBITE L T 1),

1 B subtilis NBL001 |\Z X AR Z Sph]

NB1001 HREEE [e==uw: Frs A
(cells/g) R (%) R (%)
2L 42 39
X10° 31 12
X108 30 14
X107 22 7

I OFER D, BN1001 BRI b7 53 JOERE RIS T, AR 2 SR O/ IMARA~ DG NZ2 5%)
B35 DZ BN E IR oT, BNI001 #RZA b7 TR LOVERS IR L7 Z & IC kD . EEho 5N
THEBR L 72 Z &R0, BN1001 #RAMM O TEEA Z1E b S T2 720, IR SFRRGIIl SN b0 EE 2 B
7o FHTEOT X VIR Z SIREEES 0D 23 LT\ e Z Lavn, BN1001 BROAEBIZITAH-HEERE D
JimsE LD &b,

B - CF Baci 1 lus JBAEIIC - SR Z S D#I)

AREER & BN1001 BRI, EIEHGED A I =X L CR Z SSFRGL AT 5 Z LB 2 bz, ARERRE
BN1001 #k & OOFFIZ & 2 AHFRAN7LAR Z SRR AT~ 572, R 599 112 BNI001 FRAAEE L, S HIT
AWEEZRINL, 2SO0
(2 R DR Z SR O A fiR

A B
BrL7 (4) . - "
BN1001 #£ & AFEEROHFRIZ X _wf L
0, (L A s u ol %
T, BTV RA L s, &, ﬁ
r 40
IR Z SIS X 0 SR T H
STz, FHZ, AT 2T o I I I
BN1001 #£% 1 X 107 cells/g ZHH 0

o

o AR 0.5% O/W) Y0 A A
BN e N BN1001#kiIR AR (LEEY) BN1001#IR AR (LB
if; E;j’ﬁ%;f&%; KERBAR (TR) AEARAR (TR)
Tz . iU, %
\ ®4 Bacillus/EHE & AEERDHAIZ & 51 = SUEIF
HER MRS FFEL A:fesEtim B: Bt

TEY ., BN1001 Bk & AKEK &1

2z slck v, HHEnEK

SOREEIINT S Z LIk 0 RZSFIIC e~ b D L EZ Bz, Atk HETOMEREESTZ
&L HEPOMEZEAZ T 2 & £ IO A e E s CHERF 5 2 & O, EEREARET 5 2 &
PARETH A 9 (Kubo 2021) .

51 FASCHR
b (2020) SOFTX WYEPEBRAUESE  —ARREE, U, LA~ REE —. 3R,
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ACEFHTHEDL DI I 1T D RfFdA R & HHEBRET DA
7 NEGTI SN G A 3 R N/N S

Investigation of forest trees and soil environments surrounding

Kitanoshinike pond in BKC
Kiwako S. Araki", Ayaka Muraji", Motoki Kubo"

Environmental changes and decreased species diversity by the abandoned managements of the secondary
forests are one of the serious concerns about forest environments. In this study, to evaluate the material
circulation and resource value of the secondary forests by clarifying the components and decomposition
characteristics, we grasped the current state of the from vegetation surveys and conducted to analyze
nutrients of tree leaves and soil in an unmanaged secondary forest. A 20 x 30 m study plot was set up in
a remaining green space surrounding Kitanoshinike pond in BKC, Ritsumeikan University. We
investigated the composition of trees, nutrient composition of raw and dry tree leaves and soils at the
surface (0 cm) and 25 ¢cm in depth. Total 361 individuals of 24 species were found in the study plot,
containing 195 (54.0%) evergreen conifers, 115 (31.9%) evergreen broad-leaved trees and 51 (14.1%)
deciduous broad-leaved trees. The dominant identified tree species was the evergreen conifer Pinus
densiflora, followed by Juniperus rigida and the evergreen broad-leaved tree llex pedunculosa. Evergreen
conifers were more frequently found than evergreen broad-leaved and deciduous broad-leaved trees in
the class with the heights of 8 m and above, but less accounted in the 4 — 8 m class. The average TN of
raw leaves was 15,345 mg/kg (8,200 — 29,600 mg/kg), which was higher in deciduous broad-leaved trees.
The average TP was 637 mg/kg (246 — 1,081 mg/kg), which was significantly higher in deciduous
hardwoods than in evergreen hardwoods. Then, the components of TN, TP, and TK in leaves decreased
mostly in deciduous broad-leaved species, followed by evergreen conifers and evergreen broad-leaved
ones, during deciduous. The soil was acidic at pH 4.4 (0 cm) and pH 5.5 (25 cm), and nutrients and
bacterial biomass were significantly decreased at a depth of 25 cm. Thus, it was confirmed that this forest
is characterized as an evergreen coniferous forest dominated by Japanese red pine, which is being replaced
by evergreen broad-leaved trees. In addition, as the composition of leaves and its leaching vary depending
on the species, it is expected to be used as forest biomass considering the differences in species.

Keywords; forest biomass, forest environments, forest soil, nutrients in leaves
E-mail: kiwakosa@gmail.com (KS Araki)

D SEARRERSER A AR TR
D Graduate School of Life Sciences, Ritsumeikan University, Kusatsu, Shiga 525-8577, Japan

_21_



RAMHAS, HE EE AR R

XTIz

HAIE 2,508 J7 ha OAMEFEZA L, ELEREOK 3 530 2 240550 5 AR OFMKETH D, HAIZ
KRGO N X > T2 2B OBRMAMFAET D, BTN L~ T, JFAERZRREE
(ZHDBUAERR (—URAR) . BdRern & D NRREBIORE FIZR TR LI RERR (TR . A AEER AR L
L 72 N7 RSO C o Tk STV A TARIZ KR S 30D, HARDBHRD 35%73 — IR, 41%23 N TART
HY  REFT 2021), KD ARIE DRSO Y O CEOBREEAMRT AT E T2, FHTEILAR « MR & L HEE
DM, A2 BIRE BB OHRNINALE L, AFIIARBSCH 7 & OREFCEEEEM, ke & D4
ELUTHREAT S Z & 4@ U TER SN TE 72 (Washitani 2001 ; BRETE HARERBIR HARBRBIZHERR 2008), Ziu
DOFMTIE, HDVEREETER L TSR L, BREFOHARE LTRIHSND T h~reatZ, 7 XF¥hRE
WS L, 2 OBRBIRAR OBREOESE B> T D,

ZD X D TR ARMEREEI IR Ot HIED & 70 & NBIN A BEDM T LD Z LT K o CTHEFRFS I T & 72, RIS,
HAZTE A OFFEREHIARBSH DL TH Y | BEH & L TOTFE LR, AMIAFITKI RN DO TH
o7z, LinL, mEREREIICIT D ERCNT A DRI D =30V F—GIROZEAAMRMAD H ki &
> CEPEM DM OFEMIC L 0 ZOMEARE KT L7, S50, EEEOmIMEE AFRRICEY, +
SITRREHEPRIN E AT, BREEDSHERF S AU TR VEBIEERDIEIN L T D, I Tl FRCRIRHROIA
BERFOARAFIAD K E BT D H D BT 2021),

EEEHEE SN CIE, SRR E 26T 5 2 & ClE kT 2, 8k LIRAH > TR Clots
A EE 2 BT BIARRIERB AV OREZLE L, 0 TEARDSEE CRAROEEEME T 5, fif e LT,
IR A AFERESC TR AHRAE R ERD b OMRE MK T 95, F7o, R KICHE S GO IZ L 5 TEh
AEDOFHRR, IRV OHERRC L 2 HEOERES | Sk 2 S, AW 0Bkl JOEwZEEED
TR ESND (Kato and Yachi 2003), Z D X 5 Z2BAROEFHEET L 2SO0, Fpkodkr ok
AEdS LMD IS 72> T Y . FRMOBURZASE L7z ¢, #8788 - RO b Tnd,
EWZRRIEOIRAF LORHE ATREZ R RIS 2 AT HE & U C, S ARIERANEI SO CTHUF A K 22 4F
\ZIRTE LT A2 ARVEEIGEEME 2012-2020 T, BILMROEIHEE IAMSZARNEOfE L L GRS OD B
B 2012), —H, AOFMMZ O HRREE TlE, ADOFIZ K DEHOMKGEN R R THLHT-D T 2.

1993 4EIC AAZGTe 12 # ETHRSN-E L b U A—L 7 ut AL, B ilRE RS FROHEE 2 HRY L L
T, BRORIEZ YRS D 72O DEFEANRHNE « FEIECH D (Montréal Process Liaison Office 2015), ABFE Tl
SR AERER DRI C OV TR 5720, OV D2 WEIEEREECE R Lz, R CIR
BIARDOEIEPBIROREI LT RZER, V. B Y TAREORERE LT TRY . Motz Lok
WE. FNHEIDY & TR EOBREEOR CYEIEBRMAET 2 (R 2018), AMIAEF T DRIANL
7eduR, TREROE T 5, S, BN ER BN TIL. ENoD ) ¥ —OpGEa &N RO
PR H-% D580, ZIUTHE D TR OIS OIE MO s L OVEEEREL O S fRid 3 70 5 2 L 3l
HEENTWD (Vesterdal etal. 2012 ; Jagadamma etal. 2014 ; Garthia-Bongoetxeaetal. 2016), L7=23-> T, FMOMWE
TERER AN THERFT 2 2 & T, AR DI 2 S DD Z EBIRFCE 5, BRMARERNIZI T 2WE
fEERClE, HWIRERICHERZESR, V. U UL EWSTEESNTEMORIC K> THEEN BRI S, o
WHEER & U CHBISE LS D, BERRICE EN DAL, THEEMIC X D 0fia /<. M & LC
HEPICERE SN, HFOWIICRIN S D, LEER-> T, FRIROWEIEER 2 3iEd 25 BT, %3 (V¥ —74—
V) OFEHIEO CTEETH D, BIROIEL, AN & WS T MOIRE X 0 BB R L BIARD
PR HIBRERI SR & < PBAZ T 5 2 &b, HEIATS L ORMAARDRARREZ R X 5 LB 2 6
NTCW5, £ T, FRORIEEAET 5720 DOEATEITIMNZ T, Fbhi DAPE STV HBIARDIEDTR IR &
TR A AN 5 2 & T, BROWERRZRET 52 L 2B R T,
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JCHEF Bt 2 0 BRI 3517 2 AR & 3B AR

AWIETIL, EEHEERO BERERSE 2 UGET 5 Z L2 RfE LT, EEDM TN TR0 IR ORE s &
OO DIEROBUR AR5 2 L ETAMERISTEOBIALEDR S & SRR EZ I N5 Z LTk
> T, ZOROYENESR J OG- FHEd 5 2 L 2 AR E L7,

5 &

R & GRS IX OBFEE

ARFZETIL, SEMEEIFEOD Z » < &% % L3 (BKC) AOALEFFRMOE I AFET D Wbk a it e L
7z, BKC (H#% 135 J# 57 43, Atk 34 J£ 58 43) [ o> & BT S 7203 2 Wi PRI AE LT
VWD, HEH FER R OBR O~ Z AL & LT 1950 AR E CHRILFIIFA S C& 72, LAvL, 1994 4F0 BKC
HERIRF N DIAFRRIOE M TN TR 67, BURTEIHEME 22> T D, MDA L72T I~V A5,
DI, HRPOEIREZ T D, 2016 427 AIZ, FRHIPNIZ 20 x 30 m ORI AR E L7z,

A

FHEXANIZAEFT 28RO 9 6, EEEE L EAOES 1.3mIIZBi 280EHE) 20cm L EOBIAZ %5
ELTHNY T L, HAHEZIT T2, 2016 427 HN5 2017 42 HIZ)NT THoRNY v 7 LT-RIRORFE
DFRIE, MrEORIE, BiEk ZOMEERORELZ I L=, Fio, Bimds L OWmERAHIE LA o0
T, UFoRX (). Q) ZHTHLEEBIfFE (A A~ A& 2HEE LT

UEHERDSEET Wr=0.0304 (Do 2H) 7

Do = 1.45D"6 NG
[t OHA] Wr=0.0112 (Do, 2H) 17
Dy1=0.934D'% ... (2

W it RS, D giEE, Do JiEREO 10 250 1, He gl

HIARIED 78T

FERKIAEBTTHBARL D . BIATEZ B S A~ 2 & LT 20 FOARER LN I8 FOWIELR TR L=, Y
TV 60 °C DI (v~ MRS SHA00) T 24 RS 7-4%, I+ — (GU==., MMK-2001)
THARIZ LI b D& ANT OQL T & T o 72, FHEEMTVEFEEE (Organic material Quality Index, OQID) 1%, 7%
EMOSE T 272D DIRIECTH D (AR 2017), BV T VHONRFERE (TC), RERPE (IN), 4
U L YEEE (TP), 24 U w7 AJEEE (TK) ., ON kb, 7o B = T HEZESRIAE (NH-N) | ASHAHEL A (NOs--N) |
KEEMEY EIREE (S-P) . ZKEMER U U AIREE (SK) D49 IHH DO B A&Z T LT,

TC XA MREIIEE  (HHEYERT, SSM-5000A) 36 JOVMRARMRSEG (FEEYERT, TOC-V) ZffH]
L. 680°C THABEL THE1 g Y7- 0 OLAKIRFEEZ I L=, KIZ, TN, TP, TK OE&IIT N —/IV53fE
EE (TN DR v — 5 KB20S) I STCRRGr Al L 7oA -V T T o 7, il oRiei s LT
BEDOARE 0.5g SRR (D) ToKFW05g Z2NNZ., IRk OV tkFKEENEN SmL N7z, 7V
S — )V fREREICE > R L, 420 °C T LS REEIBA L7z, IR E ChHunth, ARKEMA OKAREZTEEL, 5
% 100 mL (ZAR L7 b DA ROMREIR & UTe, ORI EIE LT, A R7 = /7 —LHIEIZED TN,
EYTTUFEICLY TP, JA PSR (BN, 77 7 mo—X | Z-3000) 1280 TK #ENEIER LT,
NH;~N & NOs--N [ 1.0 MKCl CIEHitk, A > K7 = /) —NFHiEL TV AETENENER LT, SP & SK
ISARRDK TR, B Y 77 VB L FIDEEERHC L0 2 EIvER LT, #3572 J7140% Adhikari etal. (2014)
L7z o7,
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THEDL T

SRR DRI D 2 HUSOFREES GFRE 0 em) BIOVFEES (FRE25 em) L0 HEAEEL-,
ZNHO TR Smm D5 WA LTc b OEEE L, BIAKE S FEOFIET TC, TN, TP, TK ORIEEZTT-
7o ET-EPORHIEEE Aoshimaetal. (2006) (2 L7=23> CEET S & & HI2, pHEF GEEEYERT. F-72) 12
£V pH DREZETT T,

TS

BRI L N1 A~ X

JCEFHIHEL O AR ZEE L IZFRASX 20 x 30 m PN CHER S/l S PR 20 cm DL EORIAIL, 24 Ff 361 A

Thole, TD I L, FHRkEEES 2 T 195 A (54.0%) . WHKAKER 13 7 1154 (31.9%) . VRHEILTEA 9 1 51 A<
(14.1%) Th-o7z F 1), b2 MER SN BIRITHEGHIER OT 1~ (Pinus densiflora) ThHV . 2D

33.8% Z 5D TV, DUWT, HEREHEESTCH DR R Uuniperusrigida) 75 20.2%. FHREAEERSTCHD Y 32 (llex

I;Ed””“"”;z 75;15-0? EVH ;fi’y;’f“p"”""“) % 1. FEKAOBAOALL, B S UBIER
372%T o TZ DM <V, 3
i 27 Mg BE BER 1ALEVO

R, Y AAD 3 FIFEAME LT DEHARARE 72 Sy

TV AP CRADRIER 5 &, Zef ® % W AR
W T B FANFE AT LT, v HekEEE 195 54.0 1,247 10.5

3 TRV~ FITRADEE LT ME  TEREIER 115 319 337 42
ZZL ML, — 07, RIEROT i~ WHEIRER 51 14.1 105 42
FADIERPAIT e T A X NEL Ab 4% 361 100 1,689 -

X 1), Ziud, Yaaevr<4s Ji3E#E
OB CHDDIZH L. B RIIEOTESRMDMEL . BIRODZ2NWE ZATHAFT CEHB/THH Z &b
5. T =R RO F Ch e
LB bivs, £i-. TEels @G 0% @ R )
@ ® @B°C e @ © o 5-10
Nie, 2096, FHkEIEERN 1,247 o (1520
t ‘/Gg?) ) N /ﬂ:}ﬁ'—(@ 54.0 % %5&5“@ A @ b 020730

AT ) OBFRICHE T2 & Frsk
FHERIS 1051, FERREIERT, BIEA ©rney @it @ik O e
RN 42t THY ., EES Y O

N T ARG F RS HER TR X

o7,

@
wﬁ @ @
7= & 1), LIz -T, fdiucBis o]
2 .
Blsko < A s @ O @ o ,”‘%. (Oposet
Db RENZ LA T, B 1 @
o]
°@ B

S wrvrzs O roiwersl O ToREERES

B 1. FREXAOBITEZ & OEFEOZER M, FORE SO, osifEz~

PIARDV 1 X

R COREOTENEL 9.16 m Th o7z, FIoME ST DBFEOBEILT I~ TFE) 106 m, X T9.7 em,
VI T88cm ThH-ot-, BEOBEESATIL8—10m DY A X7 T ADHEEN R bEL . e e6m U TDs 7
ADKE IO TR -T2 (12), K 8m LA DY T A CILF R EEMA AT, VRIS L b
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BE % HO TN, BlE 4-8m Tld, WEVAEEBOEIE N E < 722 T2, MEER I EBRE TOIIMN 15.2
em THY, Y~V 7 7D 484em N K= -7, FIESBREOIFNNIT <> 21.8cm. F* X 11.8cm, =
= 150cm Tholz, THYTE15-20em. RATIZ10-15cm, Y I A TIE10-15 & 15-20cm DHA X

80 -
OHEIRTER @ HRIATERT B ket e

60 -
€
% 40
&

20

0 [ I . . . . P P A A
0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-
6 (m)

¥ 2. FRASKPIAET T 2 BIARORBIE OB T, HARREIER - ik
JESERS « VLR ORAS Z T,

EZABND,

FIRFED M E
BIARKE (EZE) OAIRER Y Bt ORI ) = 34T
FIZ Lo THZR > TV, AHRER D TC O
444,150 mghkg TH Y | IkbmmroBffILY~EE

(495,000 mgkg) . fix bR o TR FEIL T ¥/ F

(390,000 mg/kg) Th-7z, TCIIY~EELY I %
XL & LTFRMATERIClE, 7% $0x U250
TEIE LTS 2 0 @V MBI C o 7, TN O 15,345
mgkg THY | Ixb@EDoT BRI T A v ay

(29,600 mg/kg) | Fix H KA - T FEIL AR K (8,200 mg/kg)
T oTz, FIHEERIERCIT TN N OMMOBIAR LY
BEIZED>TZ (p<0.05), TP D% 637 mgkg Th
V. bEho-BEIIT T A a7 (1,081
mg/kg) . i bIEM - ZBHEIE Y ~T T (246

7T AN B EHEE Cho7- (X 3), ZDZ b,
BERAEZ 5O TND T I~ Yo Xl Ok
FHES CIIUAARZAE S BERD R > TR 0 |
A% INONRFELTY I IR0 X 2T LT
2 B E AR DOBIRIZ & X o T RTREMED

40 J@ 77

30 4

ol oa

40W

®) *%

40 1@) VEE:

30 4

20 4

RIS

<10 10-15 15-20 20-25 25-30 30-35 35-40
JfgrnEE (cm)
X3, FRASXPNCHE S5 SEREOIEEROBEIE M, 7~ @),
ZR (b)), vIET () OFPERCOBASE TS,

K2 BIROAZEDOR R, T (HEYERAE)

mg/kg) Th-o7o, F£7- TP IIVKHETEMCHrik e

TC (mg/kg) TN (mgkg) TP(mgkg) TK (mgkg)

JRIERST L W A EISE) -T2 (p<0.05), TK I

WRKEEER M4 1 1
9,300 — 64,000 mg/kg & IREEDMBIFE TRE < B fiﬁﬁﬁ ( 417;5(?(2)) ( (2)’222) (8(9)(7)) ( Z’Z?)(()))
n= =+ + + +
720 TR A EERREEERCIL TK ’ ’ ’

. . . . . WRELIER 455,300 13,400 510 25,900
DMV B[RS AL BTN, AEISENTED 5 ’ ’ ’
T (n=10) (£27,500)  (£3,000)  (£170)  (£11,900)

BIATE (FE36) O BEMERERR S BEIC oL C TABEILIERT 429,400 19,000 750 27,600
(7=8) (£25000)  (+4300)  (£150)  (%15,000)

NH4"--N O 107 mghkg THY | b Ed»

STRFEITA XV 7 B3 mgkg) ThHolz, =

7oy U X VR, RATIIR TE 22 572, NOs-N O 908 mgkg TH V| Ixb -7 Bif L e
X (2368mgke) . BRI MFEIINF /¥ (224mgkg) Th-o7=, SP OVHIT 192mgkg THY . kb
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S TRFEIEIH T A v aw 382mgke) . i bIKD > 7T R X @mgkg) ThH-o7z, SK DT 14,330
mgkg THY | b @I BFREITF /% (33,000mgke) . FxHIKD>7BFEIER X @4,600mgkg) Th-o72,

BIARHE () OARERER BV T, TC D)L 456,889 mgkg THh V. Th~<Y, A XV Thrb
E (504,000 mghkg) Z/RL., FHHEDST-BFITET /% (390,000 mgkg) TH-o7-, TN DT 9,650 mekg
THY, bEDSTRFEITS ¥ v AR (15000 mgkg) . I bHIED 7RI T B A7 (5200 mgkg) T
7o TP DT 31T mgkg TH Y, IcbEhoT-BFII v v AR (545mgke) . Fe b - 7L I N
7YX (116 mgkg) Th-o7z, TK OFENL 9317 mgkg THY | Febmn - TMFII 7T 777 (28,600 mgkg)
B HIED ST BRI V% 4,700 mgkg) Tih-o72,

HFERER T Bl 2DV T, NHA+N D)L 230 mgkg TH Y | b @7 BifiT 7 X% (2,261 mgkg) . b
TR v % VR Q0mgkg) TH-o7z, NO3-N D)% 238 mgkg THY . b @ - - LA
XV (12mgkg) Thole, £io, BTAF v av, IVAYYFCIMETE A>T, SP OFLSS
mg/kg TH Y | I b @ ToBREIT T v v V7R (102 mgkg) | i HIED > T-BIFEIIY 1 ¥ LOET 7 % (S mgke)
ThoT=, SKDOFL3,694mgkg THY ., FebE->7TffLT B 7> (10200mgkg) . B HIKA - 7-RHFEIT
FTU% (800mgkg) Th-olz,

HIRIED )7 e

BRARIAROAETE L YEDRSY 2 e % & A BITED TC 138D AN DI DA A=A,
NTCOBFECBOTRERBUIALN DT (K 4a), —F7, TN IV~ &Y LS OBFECIEEC
72D LW U, b TN N LTI 7 AW a o Th Y A3 29,600 mgkg Th-o7=DIZxf L,
HEIT 10,300 mgkg L7210 65 %l L7z (K4b), £7-TP & TK 1, T X CORFECHIEICR D Ll L,
Tt TP ANED LI E Y N7 Yy X Th 0 | AT 693 mgkg THDHDIZXH L, HHETIX 116 mgkg £720
83 %l L1z (X de), b TK 2N LIZIFEII N 7 A v a wTh v, AT 27,300 mgkg T D DITHT
L. %L 5,100mgkg 720 81%H L7 (K4d), Lo T, BIATECEENAEHR, UV oBIUW Y 7LD
O3, DSBS L CY X —I272 DMEE CRIARIZ L > TRIN S, ZO% R~ 528, Ol B3
IZ R THREICER e D Z L SR ST,

VSRR F2 D & TN OJNIHRATER G 34.8 Y%, FTEHEERC 44.9 %, AIELTEMIC453 % Th -
720 TP O TEFRATERT TV 34.6 %, HREHERC 53.6 %, VEHIAIERMC583% CTh o7, TK ORNTHE
TRINHERT T 49.2%,  HRKEHHERTC 58.3 %, WHELHERIT 703% Th o7z, WRIZTN, TP, TK X TIZd\
CHIEIRIERT > WikBtER > FikAIERIONRICIEEE 272 DI CORGT BEDIIBIRE N E3bioT,

R ALBEDL M

TR OTHT, REO0ecm TpH44, FE25ecm TpHSS Wb stEEa R UT-, HEREICBEIL T, &
FE 0em B LTV 25cm ORIEREZ st 2 & B 25em IRV T TC, TN, TP IFE L L, TC TIIFE
D 5%, TN TIE10% ThH-7- (F83), F72. % 0cm (B0 DML E 3.9 x 108 cells/g, REE 25 em (2815
FOHIEISRRHEIRA. (6.6 % 10°cells’y) LA TH Y| THEMEITHRE (A0 JH) (ZHRH L TIHEL TV D 2 EAvbn»

-7z,
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ayEE

»’\? Ab \V igf\ &
G
# LARNEATE
\ » Ay A
A LR A
| :\\
35,000 ’ f{\’ ;
, 7 %
- 65%
30,000 {® ’
. 25,000 A 109
4 18% 23%33% %70
£ 20,000 1 32%42%35%3?% ° (51%48% "
E 15000 - o
€& 10000 -
5,000 A
O -
PR D S R B o I A PR
YV YT ETESF SNV L VG VY
B \17;;)%%\%\1"“?\% hv% ﬂf_\xﬂ"‘.\ f’r#“[/\'\ ’$
& AN - K ’ : P
AR AN £ S A s
A I N VR N A & A A £
' LA
§ e
)q;/\
1200 70 82%
1,000 1 549% 5%
(]
o 800 - 46%30% 304 g50,53%022%046%
0, o
é’ 600 - 310/460/53“’/50%31/n
= 400 109 4%
200 -
0 -
# A o A u\v </ RORS xiv Vsé’\\ ,@V 5 @v i \\r S
& & éo & & & &k‘ﬁq% *‘&? *5;‘5 Rl ’&S
- A A P -_ - «st VR S
A&%}ﬁ_é},rwﬂgﬁ\&)? ‘IAJA;;:&-] xd\ 4)@/}\ J”}
A T N AR 4% ‘ VA s
A 3’ A #
g 5 y
’9/4
60,000
; (@ 70%
50,000 3
= .
< 40000 A 4% 64%
£ 30000 60%2 779,81%
M 41%72%
20,000 1
10,000 A
0 p
™ ™S i N
vy VY YN NN N SR AR A C A AR AR
# Al I /A s T ol T S AT S S A AR
R S - BN A kD S ] A
- N N e T S T T AT S N T B4
T N B A & A v S
3 A A
I o i
al
it »

4. TERTEOBIALE (ERELTED OO, T CTUSTEL RN (HEH : WARE TN, WA « HRATE, VRIA « WIEAIER) (2o

VT, TC @, TN b). TP (). TK (@) DR, 2ROWNAEENOHEE~DOBDE ) 277,
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2 3. PHAERKANO TS, #HlE s LU pH,

N TC TN TP TK I
TR pH
(mgkg) (mgkg) (mgkg) (mgkg  (x10%cells/g)
Ocm 32,400 3,000 180 11,400 39 44
25cm 1,800 390 80 10,460 n.d. 5.5

n. d. =not detected (6.6 x 10°cells/g LA T)

Z £

BRI FEL

BKC NOACEFHT O JEFHI AT ET 2 “UAKITIE, FERREHEERS 2 7, HRRAZERS 13 Fl, PREEAEERT 9 FEODF! 24 45t
FEOABI GRS NIz, NIRTIL, FRSEESRCH DT h~ Y NRIRD 33.8%% b, DWW THEEERTCH S
2R (202%) . FERHAIERTTH L Y 33 (150%) 3ELRBNT, TSV MES L TR ANRAET DML, 7
N~ — R AREEDARAR —/ NG AR & U CHRTE R AR D— 2RI Xy S s (BrEiE B IRERER,
http:/gis.biodic.go.jp/webgis/sc-016.html) ,  Z OFEFITREEE 0T < ERERTHIC LR LA OGNS, V3 T
L7255 HETHAEBT LT o Y PHNBOEFFEO—o L L THOILTVD Z E0b, ERIELT
LY adp EOBFENMRAL TEI2Z EAVREBIILD, ETMNTIIT A~z T, BHkE LTRIE
VTV AR HEARR) TSRO 2707 XF 6 R.oiT,

BEARDYA XRERLCIE, 85 3 BIFEOMIEEA A Tl IMEROBEMES KEAMEBS RSN & &,
& 8 m LA EDBIANEIED 79.6% & KA B TWN-Z L2vs (M2, 3), WA S EiE D7 < ZE LT
{EAEHEE 2 & > QRN &b T, Fi2, Ml 4—8m OFSRTIX, FiAES ChHI ey a T
MNEHIL I, HRESERTS L ONVEEELIER O D 2EENHEHEHEER LV bEd 2o T, B doy 3
I TI S SRR TR CFat ey IR CH 0 . MOSEBIOZBM DO S TN LT 5 & 2D &
D Te BT I DOIRNSBATLOBFEMRA LT < 725 Z EBRER ST D G« K% 1992 ;5 FLIiED» 2010 ;
FUIN 2014), ZD LD AR CIIER DAVBFEOEEIC L W AEMZEREOIK P& S5, WxIT, JLET
HUE FHO A CI L SRR BCHINN > Tl 0 | HikB B OmATENSRIR L, HRASER ORLS A ARED
MBS DR T D = L AVRER S LD 18 SHITED B it 2 7= 0l ik EO BB L - T,
WRONBIE AT D72 EOMENVLETH D B2 LD EREEE AIRERBIR 2008 ; ARG SHFZEHTRIVE X
FT 2014), EEWRNTE 201,500 ha DERFREIARD 5 6 RIEHIT 109.300ha (54%) THY ., ZDOHTE 15900ha b
DERNDHD Z EPRESNTEY @R 2021), @EAZREERO HT05,

BRHAT A~ XD
BIAZE (455 @ OQUAMTORERMNG, TCITHARAKERS > HikEIHER > WIELIEN DIETE <. TN II%HE
JRBERS > HRRAZER > FIREHEER, TP IVKZEATER > HREHER > HRAZEOIE TEN T R2), Z
DT LD, BIAEICE TN AR TEIINERHC L > THRZR D Z LGRS, 34 FOEAND DA
RERDTEE (TC=451,000 mgkg, TN =21,000 mg/kg, TP= 1,500 mg/kg, C/N =35) L OEHGE: Sz b~ b
(TC =358,000 mg/kg, TN = 64,000 mg/kg, TP=8,700 mg/kg, C/N=6, KEf 2016) L H#cd 2L, BAEE (3 20
D TC 13 444,000 mgkg TV | BPAEDEAR IV ADIRE Th o7, —J7. TP O 637Tmgkg TH Y |
EANA A ARERE b~ ROFEL TR RN Z L30T, 2O LD, AN TRIADIEIEC X
STHHGEND UV EDIEFIURNZ LBEZ BIND, FTMAA A~ RIE U LSO G- & 720
2D EVRD,
FIABEL EIEORRG IS D & TC 1T L A EBR 2> TeDITR L, TN, TP, TK I3 HEIR 5 &
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Wb U, 2O DORGIIREEDINT, IEILSER > Fkb e > WiRiIEOIRTRE o7z (X4),
TOPWD DR ENMETIL, BREIDEIET 2 % F TITRIL S FL SE R OMFE TR LW T L 2Bk T D,
VEIEEHARNIASER O TN, TP 23w < . WHETORGREDBD 13 b RE NI Z b, B, A~ 2D
FCEIFA LTV CH 5 Z LR ST, — 5T, HRAERN IR IR > TORO MR S, R L
(Z< WD END, RIS IEIERZTT 5 2 LS,

R AL - WY R

SRS HEEHTN G . TR Ocm 38 L OV 25em 12 DWTENENEIET 5 & VR 25em 1238V C TC, TN, TP
B L ORHIBE S B 2 U 380036 L O AN IR ORI IEET U CTIFHET 5 Z & dbh o iz (3
3)o £ U CHETREICEDL L TWEMZ R LTV, BRI 2 A O fEREEN R OGS, THERE
(CEEAHMETR L, HEEIERRITR D (ELIE) 2009 ; 25H 2018), F7-. HETOREEDOILIEITES
IZE o THRRY | ZAU o THAIREE OSSN 72 5 Z L D3 HAUTUV % (Michel etal. 2011 ; Molletal. 2015)
X o, OB TIL, BB HECBT DFEEDO LR R L > TAER SN AN EE LB, £
NS DGR A~DOFRNC K> THEHEE R L Q0D E B2 b5, FI-ERICEE SR LR g
PAMINEET 2 2 & T, HREEHO G E T D TEED ST, RIS EREITR TS

EEBEZLND,

BIAA: & AR L ORI T, AAROWEIEERI B 2 FEARERTH Y | FASCERWEELOE )W)
EAFERICRE <2 (K35 2018), fEHUEA (2010) 1, MIARDIERDSIHNOEH MR LS5 2 L E2oR
LCWD, FEHHEEC L RE RO A A4 L RESCERSEEN EH- L, WREMOZAREME T2
s LoD (I - B2 2003)

JEEFHHED O AR TIE, RSP U CBA L LIBRRIZ /25 T D Z EITNA, MBS LToBIARSOTE
H 2L HOND, THEOBEMIZ L > TAEYER ORI L OMEIEHAME T L, FR 8T 2 EEER
DENBIELZ SITND Z EDBMEERS NS, UL, TR AU RiB s 5 2 & ¢, WD
ST D Z LIRS,

51 FSTHR
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The study of populations and habitat environments of freshwater clams,

Corbicula sp. in Lake Biwa
Tomohiro Shoji", Kiwako S. Araki", Motoki Kubo!

In recent years, the number of freshwater clams, Corbicula sp. including Corbicula sandai, an endemic
clam living in Lake Biwa decreased because of such human activities as over harvest, water pollution and
bank protection work. While much effort has been made to recover populations of Corbicula sp., the
number is still low. For restoring populations of the freshwater clams, therefore, this study was performed
to assess the living condition containing the number and habitat environments of clams in Lake Biwa.
The qualities of water and sediments in addition to the number of clams were monitored at eight points
around the southern part of Lake Biwa and Seta-gawa River in 2018. The number of clams increased
from spring to summer. The amount has been the highest at the middle points (offshore) and lower at the
downstream area. The total carbon (TC), total nitrogen (TN), bacterial biomass and water content in the
sediment were higher at the middle (shore) and downstream points. In the study area, the parameters of
the water quality such as COD, total organic carbon (TOC), TN and TP were higher than the criteria levels.
Especially, TN and TP in water were higher at the middle (shore) and downstream areas. The middle
points (offshore) containing the most clams consisted of sand gravel with 5,200 + 2,100 mg/kg of TC,
590 =+ 310 mg/kg of TN, 260 + 90 mg/kg of TP, 29 + 12.7% of water content and (3.9 +2.2) x 10% cells/g
of bacterial biomass, which were intermediate environments among study points. Thus, it would be
important for the habitat of freshwater clams to maintain the sediment environment that contains organic
matter but does not accumulate excessively. As environmental improvements seem not to be effective yet,
the environment suitable for the habitat of clams is quite limited from the southern part of Lake Biwa and
Seta-gawa River. In order to increase the population of C. sandai, it is necessary to continue the
countermeasure improving the habitat environment this area.

Keywords; aquatic resource, conservation, Corbicula sp, endangered species, sediment
E-mail: kiwakosa@gmail.com (KS Araki)

RIAAL: CPNE /NS & e St e e i s
D Graduate School of Life Sciences, Ritsumeikan University, Kusatsu, Shiga 525-8577, Japan
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XTIz

AAR TR KE R THLEEEMTIL, 9 1,100 FEOBHEM IV EE L TD, Eio, K440 JTFEORELZ 6O
R E UCRRBES AL, ME O 2% Tt 2 2P IR U~ 2 XD 60 fliA B2 HEATES LS5 (Tabata
etal. 2016 ; REVRFEENERBETBRBOGE 2019), EEMICAER L TWD UYL, BX VY, w3
N D, TOFTHEEREMEZOME—ORH)TH MM IIZEF DY I THDH ' 2P Corbicula sandai
Reinhardt./%, #KMETAKIZE 10— 15m LZROEMED & Z AIER LTS (RIED> 1966 ; IR EEUKPER K
P 2018a), X Y THESTRH R DEERIINASEDO TEE TH D | 1954 4F0>5 1959 4F-F TIHAH] 5,000t LA |
HOIERN BT WEIRBEZES - WERSUUMRGER S 1997 5 WEIRERBUKPET/KFER 2018a,b), L
ML, V¥ IFEDWSERL 1957 0 6,072 t & B —27 12 1965 405 1975 HAZZE DB ISR L, £ D0k b
W URgel T 7=, BUEITIRERS 100t AT THER L, 2011 4RI213 22t & BRI 1% A0S £ Tl Lz, &4
TV RIID O TR E TINATON TE 23, BEIFECIREE AL TV IS, Jaiddusseusim) ||
IZIENCTH D (W IREEEMERERTERREONGE 2019), B 2V JITRER L » RT—4 7 v 7 CTHERfa iy
K (BERA X OfREZES 2016), BREEA L v KU A N CHEEIDEICRE S TR Y BR5EE 2019),
FEOLREDBLEN O BIEEEDEER VI TH 2,

JEAEAM ThH D AT, EEREIEEVEESRMOV L DTH D BIRIXEE 2014 ; FEEAH 2017),
NS Y IFT, RIEEAH ORI, WIR7R O SN D IR A AF A, T~ R U T ROk
TRBVEE TIIAEENBEIMEL 725 Z ERFBILTN D CEREINED 2016 ; 1K 2018), Y~ h v IoH
ATV ITHE, EOALATNIKROBEIFBFER KT, AFERIRECIIARICEZELZ 525 (PHIE
1997 ; Saloom and Duncan 2005 ; HAF 2018), &# ¥ THBWTH, TOAEBITEEOREHR L BRENH 0 |
MWD,/ INEDBHT CIIERE 2 < | Fi-OJE IR T L 23 SHUT0D (6K 1957 5 JiEH
1962), F7-, BEARERHE ClIt X LU bAF AL 220 | KA EFT 213 CARFE COAFEME TS
52 EDHERSILUTCND (5 - FAH 2006),

FEEW - WH)ZRWTEZ SV I LIRRIT, R EORR & AR L 2B ki L& 2
BTV D, 1960 ATl KHICE G ST AR EA IO BRI ~OMAN T DER D 1 > THY  (E
VREE K PESTKPERE. 2018a) . 1960 £E7> 55 1980 A RIZIWTIE, mEREREICE 72 ) BRI TIC L D
JEE OIS0, TEEBFEKOTADIKE S OB L 5.2 Q-2 LRSI TN D (bR 1962 5 I8 - A -
A 1962 ; B+ )1 « H& 1987), F7= 1960 £E25 2000 AEAUTA T - RORIOERE HIFIEEE O~ R {24
X, BH U EEGOIEAEYOEREZEL ST (BIREHE « IEAPE R B R R S 2011),

WEH T, B oV I03kE P Lz 1950 05 1980 I, &4 2 S OffR G & A BBREEOM
BAM T, WHH)ITIX, RFmIEER SR 5 & & HIT, R TIE R T < Mz T T
T AHMEAT, WFETOENEKRE D7 G - 7R 1960 5 U « B - 784 1963), F7=, Z OHARFIE AL
EL Wb LI oz Wdki32>1970. 1980 ; A5 « JINE « 38 1987), & LC, MRFOMAH)ITIE, JiK
BRIFEIIMZ T, [WEHOAERCEWESMED 2 b 7 VI OARICHESY 52 1- 2 LR S
% (BK 1957, 1962 ; i - B « 1A 1962, 1963), FEAIPCHEAKIZ K H7EGUTEACARBIOHIEIC LY | T
FUEESITCWD (W IREEEIVERE T EERENIBORE 2019),

—J7, 1990 FERLIECIE, W) TEHEOAKNFHENC X 2 AEREROZEEARIEOOE D L 722> T D, Bz Ik
PDRTIZR Y | KEDOKREERL A 07 THOIINTHFEN IR SHL, F LW b AR L2 &

i STV D (EIRRRE - SEEE I b MR B 2011 ; BB EASDEIUECR R 2018), €05
TSSO RSOV TR SNTEY (R 2008 ; M E 2015), o2 JEETEAEY A~ DR
IFBRENTH S BIZIE FEEF 1996. 2003 ; V& 2010), L2>L7Zed3 it JFEERIRE D OITMER) | [FEHED /KA
BNV JHDOAEBICEEELE 52 T0D &0 ) B3NS,
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BUE, BEEW - W)X o ¥ I OEEEo A B LIZI A b e S Tn5, IS CIIEEENAS
k& U CERRRIIR A% T, 5 18 mm LT O IFEOHELFHIIR L, EIVEHAZHREL T\ D (AR
2006 ; FHEA « Ak 2009), HEECHAR B KIS Ko THIRAERT DA CERY . T ARELARE O L OY#
)T EREMEEOLDIRBD LTS, Fio, LA CIIBAEZER L T 2 SOEHE A EINERN R
G2 ED e STV (W IREEEINIBRBEERBEBORAR 2019), FEHCIERbHIODIER/KELOXIER Y 12 &
ZERBROUE, WIKOPFNZ LD IREORIE, ik LIHERORRIZ X 0 2> > TOABBREA Y 9%k
PMTOIVTND (B BVERBUKPER K PERR - EEEWIERBEIEEEBORAR 2018), WHH)IITYH, /KPETLHAFERE
KRFFED 1 D& LT, 2010 4L 0 AKEDOANEY CMEOHFEAATV GEE) R V— 1B, B4 v
DERERE L EREEZ BIEL T\ D, ZOFEHEITE b7 TS IFDOAERIZONT, KERAERS
EHNAERNZRE=2 ) 7 BTN TN D GFEFA 2020 ; EHE222020), LU, S#EH)IOARSIZIS
U DB D 2= 2 5347 & R BREEOE OV N T ORI 2 SAL TRV, BRERSGEDO R #2217 9
ETh. AR L T OBRBEOBUEDORIN A BRT HEN S D,

Ko TARFHERZECIE, EEENREIES L OWAR) IR 5 3 VI HOARBRNAARET 5 Z L2 B L,
FAOFH NI SWIH) | EFRICANT TOT ¥ JFHDMERE, REF JOVKBEATAE L, AN OERD 534
72 OB AR & A BBRBEORMRN S, ZOKIENOE S P X OBURIZOWCHE T2, -4 %OEREHE
ZHAFRL. LARIOIRI & EFEOXRD BRI DN T HELET 2,

5 &

B

THETHHEZ U INT, YK ThH HEEEINR L OVERL)OEEO & ZAIAER L Tn5, EEEIMICAEE L
TWDT UL, XU LI UIT, MR VU ISERENEARE S L Cab, KEERE LT
HL<OPORAENTE 2, X VT, MEERAOIVETH Y | o> ¥ I E [FRRIKH OISR Ch 5
W77 7~ EESCR T & OREY Z [RIRHIR AT, Z L CIREm A = 71280 Al L Cpeslis
B2 L RRAC L SRS 5 (LD - AR 2003).

THARIE, BRI ALE S D EEEMRIHO FHih>
SR W THERE LT, o3k o p it
2V IGTHY | RN LT ETHY 'S v s
VINECE A LITCHD WA 2006), WEHIIIT
W ARSI K E B Lz 1960 45035 1980 4E it
2T I OERITOUWTOFREN T (K 1957 ;38
R« KA 1962 ; B> 1970. 1987), UT4EIX, —HB
OHUS CEEEOE=4 U 7 THOILTW S (EHE
7> 2019 ;5 P 20200) , AKEAEKOERRIZAET 5
72, ZOKIKO 8 PG YT 7 A E L
oo FHLRIZBWTERERS LOVKEZER L, vV IHEHD
{EIfAKES KOV DR SRR A ffesB L 7=, FA1 X 2018 4%
4 Ao 12 AET, AIC1BWT-7, Fo, B23Y w1 cossiomis 00 LHws 5 o,

LTI, 2V ORI PR RRI LTy TR T | e
70, ZOMETHEBEIZITEZ SV IOMITY  #Em)IosER0 Bl, B2 HUSZ i () . HEOEEEEM L) 1|
LU BEENT G, B G sy PHUO B BRI (), WO CL C2 M T

e L
TID O BRIZY% X LU LOWERHD (EFH

it (5

el =
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2020b), FHEHUEDOH B, Al A2 #5 % EFEES. Bl, B2 . B3, B4 HuS A2 HEEs, Cl. C2 MG &2 FHmEse L
72 (X 1), Bl, B2 Hif5 & B3, B4 HUASITHE mBENL TS -, Fmss G & () & LTIXRILT

BIHRES & > 7 LRI

2V DR OB AR T 572010, FHEHLSICRO T Y VA HREMIC L o TREh G
P 2006) (280 1m? DOXEZ 3 [N/ TERIR L, EAEEFHII L7z, £72, PIEOSEIZ 500 mL 55 hR k
VI AAHFHERRE L D 500 mL OKZEIR L, BREEMETERZ 20 g DL ERRL7-, AEITEZ v I0
WG TITOILTERY . ZOKBTIIREBEEM TOWRZEDLFEO HILVTNDTD, gL 2 oY IITBED
BRI ETCY AR E T o T, BRI LT T OVSEIIRAR v 7 I ANER L, £ 0% 4°C
TEE L7z, DO ((lEsR) B OVKRIL, M EnSR—2 7L DOt GESGRYET., OM-12) %AW CHlE L
72o IKEIZEST DO WA LT 5729, B (HIEND 10 em B HUS CENEIVAE Lz, JEEHS 0 DO
IR AZE VB X BFKTRIE LT, 20184E4 A, 5H, 6 A, 8 A, 9 A, 12 A&, RINCO—Profiler (JFE
T RANT w7 Model:ASTD102) % FVCIESEH /30 DO ZHIE L=,

JEE T
BEDE S >V I OERT 2 REERR 2 T 272010, KB O E 0y, AEMED T E T, HIEHE
H& LT, 2k (TO), 2%HFE (TN), 2 V& (TP), &7 U vk (TK)., AkE, EXUZEE (EC).,
IKFA A AREE (pH) . BRLIEITENL (ORP), MAHIEAZAIE L7z, TC 1L, AARRRFITEEE (BT,
SSM-5000A) 35 L OVEA AT (BIEEEUERT, TOC-V) ZfHH L. 680°C THREE L TEHAIL7=, KRIZ. TN,
TP 3 X ONTK OERN T VA — Vit (v L b2 X v — 5 KB20S) 1 Chlkdy Z it L7
RV To 7o, IHORMEEE UCTEE 05g S hilash (1) FKF 05g 2%, kiR KON kkFK
BENENSmLINZ T2, TN — VSR > R L, 420°C T 15 RN L 7=, =R Chunath, 788K
A CKERIEAZIEE L, A% 100 mL (SR L2 b D& RORAk L Uiz, SOfmikzER LT, A~ R
7= ) —/VHEIEICELY TN, BV 77 UHECKY TP, JRANESRT (RSN A 727 ) mo—A Z-3000) 12
£V TK #FZNEIER LT, JEEORIATERE - BEL 50 2R THY | MER TOREZHEL, 12
EHEHIZ 0 ITHE LT,

ERROREIL, EE 10g % 50 °C T 24 B X4, DIz kv kb,
FRE (%)= JKE 10g DIREE (o) EWHOMGEER () / JKE 10g OIREE (g)x 100...0
EC 5L UpH, ORP DHITEIL, JEE 4 g BLOVERRIK 10 mL 201z, TR T60 0RE 5 L, IS 5
£ CHE L7214, EC X ECHIERS N A AL ALY HI9S33IN) ., pH L NORP i3 pH s (s
BUERT, F-72) CTENZENHIE LT,

JEEDE /KR R & OBIRME A HEET 57212, 2020 4F 7 A4 L 0 B A BRI L, 2mm, 1 mm,
0.125mm, 0.063mm D525V (ISO3310-1, JISZ-8801 #iks) # H N THIERNZS DV V3T A LTz, Wentworth
SPHIHES T, 2mm LA EOEEZEE, 1 -2 mm OEE AR, 0.125— 1 mm OEEZW, 0.063—0.125 mm DJE
B, 0.063 mm AEOIE Z PRI LTz, 5SDVVrlT LIZJERE % 110°C T2 Wi S, ZoE &L
E LT, BIEEOEGARIADOL VRO, FIEEOREOEIGITNE (200, #HF 400, 7450, D 500,
U2 700 ; FRIEDRRIIKERENDREL) N0, BHUROEEOINEAN R & GKE L ORRETR~T-,

KEC7HT

B2V INERT HAKIRONKEZAHET H72DIT, BRI L 7oK PR3 ER & (Chemical Oxygen Demand,
COD) ., &fAtgAIRFER (TOC), TN, TP, EC, pH. /%, EIE, HMESEZH /-, COD L~ Fh Y

_34_



FEEWI W & W) BT 5 2 Y SO EERN & A BBR5E

U LE (B 2008) ZHIWTER L, TOC Z2aARERRE (BEFIT, TOC-VCPH), TN 2%t (5
FERWERT, TNM-1) ICXZ VERAI L7z, TP T~ VVAXY il V U MKV oL, BV 77 U HIAICL DV ER
Uiz, F723BkD EC B LU pH HIIE Lz, Hthls, AEFHEE GRREYE T3S, CR30) 2T
CREAIIE L, BWERHES R TSt TR30) 2 W CBEAHIE LT,

ARG ODIE
B L OYKEORMIFESEIE, slow-stiring {12 KV EE 1.0 g & L <I13UK 1.0 mL 2> S L7=HiE O DNA
ZERTHZ L THIL (Aoshima et al. 2006), JBIERIEF% 10 : 1TE BE#ERK (pH 8.0) (ZEfi#SH. DNA ¥k
EIPHE LT, %7 A —AF IV a—T ¢ 7R E DNA IEROIRGIRET 774 L, BERvkEh L,
VKENS, 77U UV BBEHE1T0 ), KODAK 1D Image Analysis software (KODAK ver.3.6) (2~ TR L7, /S K
DNA EOHIERERN D, JEE 1.0g 38X UVK 1.0mL $72 9 O DNA B2 A@IC L W EH LT,

DNA & = /L DNA & (ng) x (10:1TE AEEHEE (UL)) / eDNAIRIKDT 77 A £ (UL)) x (BVAIEE (uL)) /

(GyB LK@ (uL) x 10°...@

X2 L W57 DNA B, X% AWV CHIEEICHE L, 1.0g H7- 0 OfiiEk s Lz,

FEHHREEL (cells/g) =DNA & (ug/g) x 1.70 x 108 [*=0.995]...0)

Vvay. e

TV DR & Z DERBREEOE Vg DN RETEBN 2~ 5720, (BRE L S - KE DIz
THYRGIHT (Repeated measures ANOVA, Huynh-Feldt O € (2 L W HHEZMILE) 722 b ONCLEL#: (LSDE) %417
STz, Fio. EIREE B & OBHRIZ OV T, FARSREL (Pearson correlation coefficient) Z>Kk7-, & LT, Ik
53534 (Principal component analysis, PCA) 12XV | BREEOHLEH COME & 2 DI H 59 D BREEERIZ O
THHTLTZ, PCAIZIE, BfiH O TOHUS CEDGONIZHE OF —2 2 Uiz, 7—#fTi2iE, SPSS
Statistics 23.0 (IBMInc.) 3L TR3.52 (for Windows, The R Foundation, https:/swww.r-project.org/) % L7-,

wE R
IOENE /TS
TSI g ~ 2,000
HFHROT Y HEOFEAKLE, 0 E
k- m? (C2HEDs E 11 A) S 1,500
A 1,888 filfk - m? (B2 HUHD
. Z 1,000
6 A) Thoiz, FEmLT,
" () OB T YIS 500
BOMAEE b2 < (Y 1
1,121 + 521 EIA) . TIiEhod C2 B2 B3 B4 Cl 2
MR TR b D707 () 46 Hb o
+69 AR, F(3.35,26.82)=1831, O4H O5HBeH O7H BRH BoH B10H B11H ®12H

p<00D. &Y™ 6 MATE, (2. EEEHRRS SO 0LV AR RT 28 4 ¥ I ORISR FHTES L,

A &3l U T v DS tﬁlﬁ a1-c2 T 2018 4 H- 12\ﬂ @%H (BRI SIS yv‘\‘: AR,

SHL, MBIRDE B B 08

WIIRD bginoTe (K2), ¥ IFHOBEARENL, 4. 8, 9 A LHIR L T7 AICHREILEZ L (F(8,56)=2.59,p
<0.05), 1F& A EDOHUTTEN DI THINL, BKIZ0TTRD Lz (M2), FRAIRICERI S 1172 80%LL
R BR 18 mm LT/ NSk T o7z,




W HA, SRARAHS, AR

SR HEDL BT (EE)
FAEHLS DN Z OV TSR, TC 132,500 — 19,300 mgkg T (X 3a), btk L OMfEs (B1, B3 #h
) SR LT, i () O B4 SR KOVREES (C1, C2 Hius) TEido7z (F(3.51,24.5)=6.35,p<001),
TN 1L, 240mgkg (B1 HLS : 11 A) 25 1,840mg/kg (C1 Hu - 5 H) OFIFATEIL Lz (K3b), itk sH
FRTIL. T Td 5 C2 ik & b TN OEIMED -T2 (F (6.64, 46.51) =326, p < 0.05), _LiFERD Al His
(2,410 930 mg/kg) O TP X, 2RO 650 + 740 mgkg & L~ CHEFI BN E -7 (F(142,9.92)=22.17,p
<001), JEED TC & TN IZTEDBR, TP & TK ITADBERI AR b,
SR L, T8 2.7+2.1)x 108cells/g (B1 HLS)  (a) 25.000

MEE2£79) % 10 celllg (C2HK) ThoTz, 1 = 20000
FROHET bRMEEIIERN S EICAT TR S isoo]
L8 AITHARL72 (F(8,56)=633,p<001), 70  E 1o
(@]
H

5,000

BIHE HEB LT (930, 1T, 8 A ECOMMT
TR (C2 #5) B3 - st (A2, Bl B3 e

HAD £ ORI S ot FET28)
—2.85,p<0.05). N

EUKEIL, T 300£113% Thotz, C2HuET 2 ]
I3 oMb & i LT EARERDE L (F(3T72,2601) & 5

=570,p<0.01), 200% O HA) 75 742% @ H) =
L FFEEN D RE D ->7 (¥3d), EC 13 0.06 —0.85 )

(F#J0.16 £0.10) mS/em THh->7=, pH TV 72
+03 Th Y, FHEB CrIgmmik kv & o3MTE
< (F(7,56)=382,p<0.01), \WTHOHETE 12
AV T L=, ORP 1 32,9 —137.7 (1) 73.3+£16.6)
mV T, FURES (f - B (ICHA TR TR0
72 (F(2.80,2236)=4.47,p<0.05), E/KRITELD 60
TC. TN, ¥#HE%c, ORP & EICFIBIL ., pH LAIC
FHBE L7z,

BEELORIEERARCIE, FURHERD Cl HLR Tl

(75%) . C2 HUS TR (9%) MMtttz bb~CEA i A8 E B B B A
%K%z))ok" 2 i@“ﬁuﬂfliﬁdiﬁ&/‘/g@i 04H os5H mé6H w7H BSHHE‘9H @B10H mllH ml12H
TR o7z, Bl e s () CrImbask o B i -
N e %] 3. EEERMIRAIFS L OMER D32 ARSI DIy OFE
iy (I5%EAL) & dD TS RS (1) TEBE g s a1 -0 1o 2018 44 - 12 HORA ORI, TC
LR EEN TV, EEORREE D EALE L @. TN b, BRI ©. B4R @ 27T,
BARRIITEDFRER H -7 (r=0.71,p<0.05), [FFRAZ, JEOEFEEWNEEGKERFENZ LD (-=081,p
<0.01)., FAAEHLEDEE DO EKRITREGHR A R LT\ D Z &AM ST,

—_
(2]
—

AL (< 108 cells/g)

—_
o,
R
=]
=]

G KR (%)
E

SISO EREE (KE)

AIFEIRE & BIZ EA L, 7 AICHRKRD 303°CITEL, EOBRKNLAIINNT TR T L (M4), —7, JEE
D DO [FEIZ/T T LiyIME (7804 mg/L) (1ZFEL, 4. 5 A LML 8, 9 A TIFAEICIEL (F(8,16)=
29.58,p<0.01), FDHAITHNT T 10.0+£02 mg/L £ TlRIE L7,
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COD & TOC (% 1.53 —5.54mg/L (V44 2.74 15 40
+0.64mgL) & 08 -32mgL CF417+05 L 30
mg/L) T, PRI CE ot 10 S

(X 5a, p=093 : [XI5b, p=0.84), COD & g 5 | I 20%
TOC 13\ b ZIChT TNz~ </ - 10 %
L. 8 AITicKIZ/a~T= (F(8,48)=10.58; F 0 - 0
(8,48)=12.52,p<0.01), TN £ 0.13-2.33 mg/L 4 5 6 7 8 9 10 11 12

(FH#)0.56+042mg/l) T, HiEE () T A

N . —— DO —— ki
H5 B3, B4 HUERBLOVFRETIL,. Bt Kif
B0 = L s . S X4, EEEWFEHES JOMER) D23 oA BHIZISIT A /KIR. L DO DFREIZL,
ERIC D L MER T - (¥ 5c, : o

s emETCH ST (W Se, F 2018 4E4 F— 12 A A D  HUS O + HEUER =21,
(2.62,1833)=832, p<001), £/~ KZL

[FRRIZ 8 AITHRR (1.51£022mg/l) &700 ., ZORBIFAIINT TUELS (ImgL LAT) #ERE L= (F(8,48)=26.98,
p<0.05), TP1%0.045-0.096 mg/L (F0.070+£0.013mgL) THY ., 8 HIZHK 0.082+0012mgl) &7eh,
11 Aizsely 0069 +£0.009 mg/L) &7e-72, /KF COD, TOC, TN, TP IZIZAWNIIEOFRINRA L (p<
0.01),

EC X4 0.17£0.02 TH Y, Hisi Al, A2, Bl CHEIUE) -T2 (F(3.38,23.67)=16.15,p<0.05), pH IFHHE
6.1-7.7HANEHERE L, 6 HH LIX7 AICER Lz (F(8,48)=10.00,p<001), F7=, KEZ T OB
T A =2 DFHAICER L, DO ZFRWTENZEFVEDIERZ R L7z, pH 1% COD & 55\ EDFERIA R L, EC I
TN & TP L ZNZHUERI L Qe AT, Bt s L I G (A1, A2, BI Hi0) 12T, il

() OB3 & B4 S TE< (F(4.36,30.54)=2.77,p<0.05), GEDOHEINC & HRVEES EF L2 (-=062,
p<0.01), KFPOEHFEEITNTOT TV THRBHERLLT (6.6 x 10°cells'mL) Toh -7z,

= SBHDNR I M & DB

“‘i OB D IEE L KB O, 72 b NTEREL/ X T A — 2 HIOBHRIZOWT, BHIZHIT 5 4 H
75 12 H OfEFE S K JOKEDOGTEZ T LT, /KD pH DI JFAOEAS L 55 FHEIR B D (=
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WEOEROTFEN GRS T, Lo T, ABEEN
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BREZEME (TN:020mg/L ; TP:0.01 mg/L LA R, SFEIREEENERETBRRECRIRE 2019) &3 A L7z LT 7ens
ST, KEITHUEE COZERP DI -To b DD, HiEs (7)) & FIRECIIvKO TN & TP 25@E MR T~ 72
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Evolutionary analysis of the causative genes of the extracellular matrix-
related diseases

Hiroyuki Goto!? Takuma Unno?, Yukihiko Kubota", Masahiro Ito!-?

The extracellular matrix (ECM) comprises three types of core ECMs (collagens, proteoglycans, and ECM
glycoproteins) and three types of ECM-associated proteins (ECM-affiliated proteins, ECM regulators, and secreted
factors). Although the disruption of ECM-related functions results in various biological disorders in nervous,
musculoskeletal, immune, and cardiovascular systems, the precise role of core ECMs and ECM-associated proteins
in a specific disorder and evolution has not been fully elucidated.

In this study, the ECM was subjected to a comprehensive comparative phylogenetic analysis by examining
the differences in acquisition time among core ECMs and ECM-associated proteins during evolution. A dataset of
583 human core ECMs and ECM-associated proteins from UniProt was used. The phylogenetic profile of the protein
dataset of 575 eukaryotic species with available genome sequences was analyzed. Then, cluster analysis was
conducted on the basis of the phylogenetic profile. Phylogenetic profiling showed that ECMs were clustered into
four classes conserved across mammals or extended from mammals to amphibians (Class I: 57 proteins); chordates,
echinoderms, and hemichordates (Class II: 376 proteins); animals (Class III: 134 proteins); and eukaryotes (Class
IV: 16 proteins).

According to the comparative phylogenetic analysis of the causative genes of the four main types of ECM-
related diseases, ~70%—80% of proteins belonged to Class II. This result suggested that most of these genes were
commonly gained during evolution to hemichordates or chordates. The contribution of the core ECMs of
musculoskeletal and nervous system diseases was higher than that of cardiovascular and immune system diseases.
Conversely, the contribution of the ECM-related proteins of musculoskeletal and nervous system diseases was lower
than that of cardiovascular and immune system diseases. The pathway analysis of cardiovascular diseases indicated
that fibrinogens and coagulation factors participated in complement and coagulation cascades, and most of them
were in Class 1L

Keywords ; Extracellular matrix-related diseases, Extracellular matrix, Phylogenetic profile, Evolution, Coagulation
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A IV T EEOMEDFLMEICER LTHBL, 2D DR EZ Ko 7o IRBORHEE T+ 2 Z & T,
a7 ECM (a7 —47>, 7as4 7 Vb fix o R0E) L ECM By X7 8 (ECM k¥ > 37
H. ECM iR, ECM A1) DOEMBILOHIEH S 2T LORERLEA~D TG Z M LT,

s
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2. Hik
2—1. &£ NI TECM BLVECM BI#E S 232 BDE 17— 5 € F DIRFE

t k27 ECM 3 X OV ECM B# & > /37 B O&n - 2Nk S 41TV D Matrisome DB(publish 2019
Oct5)7 6, AW : human (2K > T=27 ECM B LV ECM B Z o X7 BOBIE 2 L7z, 2o
LET ) T—vaERTHL 6 2ONT ) ZRIFFICESS L8], Tbb, 27 ECMIZET 5,
7= (h7aAY 1), TaTA sV (T 2), ¥\ LRI E (T Y 3), ECM BE & X
BT A, ECM B 7B (h T =) 4), ECM i+ 7 =2V 5), ECM #E&RN+ (b7 =
U 6. ECM % > /378 L ERIICH EAER S 500K 1) @ 6 >OA7 I VIZHFELE [9)].

2—2. FTr 77 SR
KR K X7 2% L C Uniplot 2> B HUS L7127 ) Mg~ 575 BOLEYFELE 04—y a s/
ERLUIEANZ— BT D 2 &I X VRN 24T - 7= [10-11],

2—2—1. FH7177 71D

2-1 THRLNTZ 6 DOAT AVIZHHINLBIn PRI LT, &7 MEGHE AWML DA —Y
1 7 DA # % KEGG Ortholog Cluster(release 2019 02 28) [12]&2 W TIRZ L=, A— Y a VBN FHETH
F 1L, FELRFIUZ0 ERLIEE Yy MY —VERRL, fMT R T 7 A VEAER LT, &5 L
e AW FEIL KEGG(Kyoto Encyclopedia of Genes and Genomes) [13]1ZF0# S 40T 5 EAZAM) 575 Fl
Z Tz,

2—2—2. HEEIFHRIZL S ZX5 Y2

2:2-1 THERLT=RET 0 7y ANE I TAZ ) T T HZ L2 L ) EEIIERE N @& o8
JEMEDE L, Thbb, R a7 s A AN LABEETHIOEHEZ 22—V » FEEHC L VR,
7T AL DR DI GYFADKEEED @ T o+ — FIEIZ KD R & ER L7z,

2—2—3. I2FRZ Y TDEHEE 2 TN
7T AR U TMTRE R L, A A T O Iy R —r D 1 R0 2B E LTERL
77 F77. 222 TERE LR A2 Lo, =—27 U v REEBEDS 40 THFE LT,

2 — 3. ECM BJ#ES R FHET

KEGG (Version 2021-10-01) NIZ& %851 & A ORFRZ ISR L 72 KEGG Disease[13]% N TTF —
v MNIZBIT 2B FICKDEEDERIG L ZDMM AT Lic, 20L&, 223 D3R 2-1 DO
TV RS LICF NI ERE LM ORRE R LT,

2—4. GO x> o F X2 MEWIEIZ LS ECM BB+ DFF AR T

% ECM BIER BIZEH 57 2 JRIKBIE FREC LT /7 — 3 U1HF#HTH S GO(Gene Ontology)[14]%
T o F AU MEHT L, Z00OBETDET DA FIREREZMEE L72[15], Z O, Wt
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FoTu T ASiETHD R Fif(Version 411D Ny r— 5475 U TH 5 clusterProfiler
(Version 3.14) [16]% F\ 7=,

2= 5. WUz AHEHIC L BIFRGERIEN 775 TS 200 X o— FAEPT
KEGG(Version 2021-10-01)NiZ 3 %5 KEGG Mapper % W CTHEERESRIEBORNBIE 32— KT 5
HUNRTENEENDIREARAT = A BRIz, TORE, 2-4 ORKIZEENDHBIETOEIE & GO fif

MrofERzb Lo, ZTRHICHEGT LA T ZIRE LT,
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3. R
3—1. E P2 TECM F5J NECM B 5 N2 HDF5 717 7 7+ AHEHT

Matrisome DB # W\ Tk 38227 ECM B LN ECM B % 7 O&EfE 2 L, 583 f&
DEIFEEE LT, BUS LB FD 9B, =7 ECM 1% 198 #E(34%). ECM P& o /37 B 385
FH(66%)H VD, 27 ECM OWNFRIZZ 7 — 7 N 39 Fi(7%), 7 a7 427U 7208 27 F(5%), #EX X7
BN 132 F(22%) Tdh o7z, —F. ECM BH# X o X7 B OWNRIL, ECM BEX v /R 7 BN 91 FE(16%).
ECM FHEIRF728 154 7E(26%). ECM #EE& K F 725 140 7E(24%) T - 7=,

RRT AT T AR EATO &L 4 DOY T RIS N, 7T A1 —IVEms Lz, B LisERR
FO 5 H EEENEIRTES ST T AIVIZ 16 Fi(3%). B THES S vz 7 7 ATIZ 134 FE(23%).
THEBNY) & 7 13 R B (1 DB~ DL TS S =7 7 A TLIC 376 FH(64%). MiAKE F 7= 1 XM FLEE
THEAINTZZ 7 A TIZ57TFEA0%)DEI N (K1),

7 73R 1
(571&)

72 A1
(37618)

€8S

7 > A
(1347%F)

WHE, B BRIV iEk?) HiE REEY
Nehis ®REENY (113f8)  (138fF) (527%)
MmAE FRIY
(80fE) (90%%)

#O3M
(1707&)

g4 (272%8)

X1. 27 ECMBXOECM BE#E S VRV BORK T 0 7 7 A MVEHT

ftElz e D27 ECM BX O ECM BAE# 37 'F 583 F&, ##hiZ KEGG
Organisms @ Complete Genome —E 21§ S TV DIRIZY /) MMEFF D 575 FHH
DEYDREEZRLTWD. EMNCIZZ 922 ) ik B oni-REs, Aacize
v hRE—UERLTWS., By hRF—ZBWT, 27 ECM BXLXTECM BE
BUoRTBDOA =V BEBBRHITRYEBTHALTWS, BEORFESTEIC L 5
;ﬁo%ﬁ L— }7:75_"& FGAREEE L. 77 RIVIZEN T STHE, 376,134 F&, 16

DEL T\,

A BIDIENTIZ ISV TIE, ZHIIaN & 7 2 MG 2 FF OB £ 72132 0 L 0 @%b o BPs TR
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SNTBETBLIOZOMEICER L), T Cixrz7 721, 77 A0, 77 AMIERL

oo K7 TAIBTDAT IO EMNTTHE, 27 ECM X, 7 7 AT 46, 7 7 AT 136

fi, 77 AT 12 SN, ECM BEX Vo781, 77 AMIZ 88 fl, 7 7 AMIZ 240 FE, 77 T
T4 I NTI(F 1),

AT =T UNEDT T AGEFINLINERIT LI2E 2 A, 7 7 AT 11 fSE S 4L, IVAL VIR,
XVHEL XV XVITE, XX 27— o 7a=y hea— R 581 CTholz, 77 AN
28 FEPRE S AU, DR IR, IR, VAL VPR VIR DX, XOR, XIPRY, XIVAL, XVIFR, XIXA, XXI
ﬁ”xmwmXXW@JMWW”Xmm@Ln?wﬁym%fn:yF%H~F¢5ﬁﬁ%@%oko
7 AL pEINR o T,

TaTE TV NED T TR GRINANERNT LA, 7T AN 1 oI TE,
Z DBIBTITFEIEIC AR K T D HSPG2 Thotz, 77 AMIZ 23, 77 A 1123 oI,

WEX L RTE(T 47 aR I T, ZTAF TI=V T4 TV IR EYRED T T R
SNDOMWETLIZE 25, 75%m*3ﬂﬁ 77 AMIC 8, 7T A TICOMNESNEZ, 747
OR7FAXIFER, 77 AMFEL AEINTELT, Z7AN T2/, 77 AT Tl fE, &
%éhtoi7x%/i77x11ume@ Iz, 7I=VIF7 FAMTII=V1, 7=
V2, TI=V3 IV 50T asny MeEa— RTHBEEFRDEINATEY, ZT7ANTT R
=4 a— FTL8E PRI, WRERICEDL 7 47 ) ) 733 HY, $XT7 TR
nICHoTz,

ECM kX 378 (5F 2, CIQ, FCN 72 &) WNED T T A EINLI D EfT LI 2 A, 75

Z20FE, I RAIMICATHE, 7T AT I 2 EENT, AF L8 FEA(EL, 7 T XT3 fif,
77 AMIC2FE, 7 7 A T3 MOEIN W, E/MARTHD CIQIXSFEFAEL, X Tr TR

DI/ ST, MIAREICBER L TS FCN X3 FfFfEL, T T TR 1 Thotz,

ECM FHEIR (v bV v 7 A5fRE#CTHD MMP 7 7 2 U —& ADAMTS 7 7 X U —., B[R 172
EYMEDT T ATGESND RN LTRER, 77 AMIC 48 F, 7 T AMIZ 86 fl, 7 7 A 11210 ff

SIS, MMP 77 2 U —[37 Z AT 16 flif 15 oI, 7 7 AN T #ESBHEN, 7T A
[ ClXmEESNR) o7, ADAMTS 77 2 U —(X 25 it 7 7 AMIC 7/, 7 7 ANIC 155, 7T A

I3MSFES N, MIREEENC B RN 11 S FFIE L, 7T T AN I T,

EEM@AI¥(4/&~ﬂ4#?ﬂm77‘)~\WNT77:)H\ CCL, TGFB 72 &) & D 7
TR ENDDEMRT LI 24, 77 AMZ208E, 7 7 ANIC4THE, 7T A TIC 2 EoHES
iz, IWIE8FEFEL, 7 7 AMIC TSI NHDICK L, 77 A TIZ 1 FEpEIh, TOEET
IXIL6 THo7z, WNT 77 2 U —Z 2FEMFAEL, TNHIETRTr 7 AMICSE SN, TGFB X3
MAFEL, ZNOIET~Tr I AMICpHShz, ABMEROBEICEDS CCLIT 7HFEL, £ b
T I AMICHE SN,

77 ANDONEEFH LN T2 8, 77 ANDH B-REY) CHEA SN\ s 128 92 FE(24%).
FHEBNY) CHERT ST 1815 178 286 Fl(76%) Ch -T2, 7 T A1 ONFHEFE LI BT +5L, 7721
D O B AR THEAG S VOB T-23 27 Fi(47%), MFLEA CHREMS S V0B R 123 30 FE(53%) Th - 72,
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#1. 27 ECM & ECM EZ > 2 OB T IV BBT S 7 T ADEBLTFEK

IRV 772N 7RI 77 Z1Ve
A=Y 0 28 11 0
JATHTY HY 3 23 1 0
R AT ] 9 85 34 4
ECME& > /0 & 22 47 20 2
ECMEAEIAF 10 86 48 10
ECM% A& F 13 107 20 0

27 ECMBXUECM BES V7B a— T 3BEBETHRITITVIZEH LcRKRO

B TRIBTDHDEEBTE, TXI7 X, FIWEATIY THD, *7 T RIVILEBT S ECM #
HEFIL ECM & DBEERHERINTVWRVLDEZEFATNS, Lo T, ZMBAEMICKITS
ECM ORSREL BB L2V L D2 ST iR H 5,

3 — 2. ECM BHEL B DIFEAFNT
ECM BERBIL 378 FECTH V. N 5 DKL 213 FEOEAFINEIE I LV 51 & 2 & Tz,
KEGG DISEASE TSN TWAOEEDFKELEFBICERT 5L, M ST FThHoTz, 15
HiL, BRx ik B W CBIEMN 2R B2 R~ T A RTREETH Y | KBS T2 102 FE (48%) TH
o7z, 25 ZBHOBEBICERT D&, MRSRERZRTRKEE T2 39 FE (18%) ., B EEREZRT
JRREE 23 31 Fl (14%) . TEERZRIED A R TIRREE 723 25 (12%) . S%yEREEZ R~ T RIA®
A 21 (10%) THoiz,

WIZ, EALSTED O B, FFEOMHBR T E Z SNDHEETH DMBRIEER, IR E, FHRR
PRAR, R (IR R USRI A LT L7 (M 2), MRCRIEROFRKEEETO O B, &
~OHETES SN 7 T AMD 10 FE(26%), FHEEMW) £ 7213% n#m~DE(L TER SN2 7 21
05 28 Fli(72%), MIAFAE 2 ITHFIE~OE TES SN2 7 A T 1 FHQ%) Th > 72, HirEtsrEED
FINEIEF DS B, 77 AN 7HQ23%). 77 AN 24 FE(T7%). 77 A1 0FEO0%)TH -7, 1
BRI HRIIERE L F D 9 b, 77 AMA 3 F(12%). 7 T A 20 FE(B0%). 7 T % 1 8 2 FE(8%)
Thol, ERFEERDFEKELEFD I B, 7T AN 1 FE(B%), 7T ALN 15 F(T1%). 7 T A 1»N
5 ff(24%)ThH o7,
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0 20 40 60 80 100 (%)

ecmzt I (N=567)
serzz [ (N=39)
sawxs [ (N=31)
ererce [N )
serst NN )

W77 B77RI 7 7 A

2. & ECM BERBRICHF 535 ¥ 7 BRHOBEERH O i
ECM 24(27 ECM &3 L TN ECM BE % /37 B OIS L 'ER 72 ECM B
BEBMRERER, HERER, RBERFRER, EREB)OH CERRHIOESZ
KB LT, 77 7 Oftihit ECM 2% 72 138 B4 . Bl gaRicivE&sh
2%7 7 ADEEETT, N=RETOREK
SO, KRBEORKBEFNEDOH T TVIHHFIN TV INEIGZE T L. (X 3), MRER
DIFKEEF R a—RT 2RI ED I B aT—o7 i 5H(13%), 707 427 71 205 4FE(10%).
B2 L RN 14 FE(36%). ECM BE X > 7R 7 B8 4 F(10%), ECM SRR 723 8 Fi(21%). ECM #&&
K72 4 Fi(10%) Th o7, HEHRERORKBE NI —RRTLHX R ED> L, 27— 18
FE(58%), T A7V 18 2 Fi(T%). BEH /X7 DN 2 Fh(T%). ECM B2 L 37 B H3 0 T (0%).
ECM FREIR 2% 4 f(12%). ECM #EGHE 173 5 fli(16%). Th o7z, fhRa-REBDOFKER 32—
RTDENRTEDHI L, aT7—F RN 2F8%), 7aT7 47 U208 0F0%), FEix 37806 fE
(24%). ECM £k% > 737875 0 F(0%), ECM FHIHE 123 14 f(56%). ECM #E& K123 3 i (12%) Th
STz, BERFEROFERELGFN T — RT3 2 7805, a7 —r,r N1 (%), 7aT4 27
H DN 0 FE(0%), BEX 7 DN 0 Fi(0%), ECM A4 /X788 6 F(29%). ECM FAHIA 728 3
(14%). ECM #EERF25 11 F(52%) TH > 7=,
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0 20 40 60 80 100 (%)
ECM£1{& (N=567)
N _

HERRER ;;; (N=39)
(N=31)

(N=25)

(N=21)

Ba7—7 N/aF47 YAy OERNIE
MECME L > /<2'E MECMARRAT ECMIEAE T

3. HFECMBEERBIZHFETDF VI EMONT T Y Ll

ECM 227 ECM B L WECM B # R 7 B DTN L OERIER, E
WER, ERERER, AEREARICH LT, TV 0EEEHE L, /57
OHEEIT ECM £ £ /- 13K B4 . Bl ECM Z o 7 8BRBT5 T3 Y DElE
YT, N=BIETF0OWEK

3—3. GO T2 »F X2 MIFPFIEIZ L S HERERFIT

REBREDIRKEIG TS E D & 9 RAEWH T 0¥ 2CHEGT 50 AT 572HI1IC, GO U vF A
> NMGOYEMTIE Z W CTAEW) T 7" 1 & A (biological process)IZa& B U TREMNT L 7=, #PRERERIZDOWNT
GO fRMT AT o 7o & T A, 7 Fi(18%)DJFRIKEIR 1723, negative regulation of endopeptidase activity (27 ./ 7
—va v ENTn, ERIEBIZOWTIL, 6 i (33%) DR INE s 125, collagen metabolic process (27 ./ 7
—a 3T, MEERERIEEICOWTIL, 11 fH(42%) DR KR -7 protein activation cascade (27 /
T3 ST, RERERIZOWTIL, 10 FE48%) D JFIA#E s 7% adaptive immune response based on
somatic recombination of immune receptors built from immunoglobulin superfamily domains (Z7 ./ 7 —3 3 >

=iz,

3 — 4. NIz AHEHIC I SRR 775 T B0 X o — FAEHT

PFIERRES O 9 B ECM iR 728 56% & RE~O T EDN K E Do T flEREGREEIZE R LT,
JARGE G TR ED X D AT = A 2B > T D DN BT L=, T OSSR, RIRELE 0 9 HAIiE
& MR 77 A 7 — R(Complement and coagulation cascades)IZ %7 5-7 B BIa 123 16 F(62%) & i H % <
EBENTZ, ML MIREEE D A r— REWRT 28BTOI T IVICERTLHE, WX N7 ER 2 M
(13%) & ECM FEiR 723 14 F(87%) TH YV, 27— FaTrA 7 ) 1y ECM ¥ > /37 8, ECM
SWRFITEL EEN TV D o 7o, MR & MIREEE I R r— R &R 585+ OBARENCE B
e 77 AT 1 F(6%) TH Y Z OEIE T I3EERE K 1 CTd 5 Factor X1 (F13a) Tholz, 77 A1
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I 15 FE(94%), 7 7 A LI mEEINTW oz, Fl3ald, 7 4 7 U A##HE(fibrin monomer) & $#4E
9% Z & C, MBf(fibrinclot)DFELEZTEHET 2 (X 4) [17][18], F7=. Fl13a ® Lt Tl figkeRE KN 1T
&% VWFE B L F12 ME R 2 RIE B O R KRB 128 £ TV [17][18][19].

BELcmE
L O

A v s )
Flz2 | €——— | Kallkrein | —p PLG
1 @—|\ s [atieen | —» (19)Pc]
O La O o Rgderza
L e
]— l 7 | MBS -
p B - 8%
t
F10
| [=] o
_|‘ rOYEV(F2) [ [ T™ |a | Pc I"

J' \ ey

(13)777977 —> seTvvae —> mH ——— % Sy
SARED

>

X 4. fik s MREER D A r— FICHE5T2RBEEFOIT IV LB O
ZORKITITZ. AU RZEN 2T, ECM FASRTFN UWEESEN T\, 5
RBEZUNRIBEOERBMODODHIIXZED X VRIBNRET D7 T ADER, h7rd
U ORBEENIREINTWS,

O: 7520, M:75AM, 73V 3 : X278, »FTTY5 : ECM b
NF. F7: EEREFVI, F9: EERTFIX, F10 : EERTX., F12 : EERFX O,
F13 : BERTFXI, AT3: 7> F b VI, HCI : ~ XY VERT 2,
KNG : ¥=/421, PLG : 75 A3 /4. VWF : von Willebrand [K+.

PAL: 7T A ) FUTEMALBRERI 1, «2AP: 2 TV FTTRAI Y
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4. BE

AHFFETITTRTO ECM 13 L CTHEILIIZIESR S A 2 v 7 L 2 OfEEOELIMEICE B L TR
MTa 7 AN L, ZNOOS TREOFIEHEZFEN Lz, ZOf%E. £ ToO ECM TEI2,
TR T A, LREW - IIEHESY G SN 7 AN, WAMEE 2I3mLE CE5E S
N7 7 2 TIZpEEhi,

WIT, ENEDOREAZ K- 1o FER 4 DOBRBITMRREE, FatsiRd, BReREE, RERE
B, Thol, TNHD A4 S>OFEBICHET D527 ECM BLOECM Bl X X7 B OIFEEI A% 6
DAT AV (2F7—Fr IaTrF sV HEX NI E | ECM kY 37 'E | ECM ik 7. ECM
FEARF) ST TRET 2 & FEAFBEOKRBICTH G T 5807 3 U OFIER R o7, Ko T
ZNENOFEBIZEE L7 7' 1 R TEC OB TENENRBI 20 F2EE L TNWD Z L Z2rg
L7,

4—1. FEHRECM HEIZ 7595 ECM 57 DUWELIZ 517 5 FEFFHIFR

ECM (=17 ECM 36 X TNECM B Z o /3 7 B OFRFN) 12OV T, MR, E i, EERE
RIR, IEREBNE 7 T A EIND 05 FROBEOEERICED 2FE & kT 5 & %ﬁ%:
59 % ECM 15 OBIG), BRE~OFLZEE L2WERO ECM BI{s - OFEIA L RIS, 7 BIFiH
77 AMITHBSINLDHFzND, r$®ﬁl&ﬁéE@A@%<ﬁ§ﬁ@%iﬁi#ﬁ@%“@ﬁk@ﬁ
FECHES SN, HEET D Z LAVRIRENTZ, 4 DOKEMT, 77 AME 7 T A TICET &M
Erid s e, 77 AMOBER, MrEtRE, MRRER, TEREGRER, EREREDIRIZE)
STEHEMNS, HEBROREEICETEGTD ECM MO 3 >OFR L0 b X0 #E(Lo RV CES S
TEWRENT, —F. 7T AT OBEED, fEREE, TEREEREE, MRSREBDIETE S iE
IR EIT R DI > ToF b, ECM RAFRY 22 5005 R O F8 =D W A JH IS L ORI~ D RIZ I\ T
FLZ S TND ZERHERIND, 2D OFERIE, ECM 1T, #fR0MAL B2 8L AR
OFIEIZEMT 2 2 & T, B ~OEICKE L FET D L0 HRLEZFFT 520, —F., R
EPRERARICEVT ECM 1F, MOl F i S, ik sy, MERMIE, Sa fia o ER<> By~
DB wET 5 2 & T, @EFHEIMICI T 5 @ik AmERE DR & £ OMERHC B2 EE 2 R-+
LHEEIND, D OIGROMREEIZITE 2R DT B LI TH 5,

s 4 E

4—2. 2T ECM 5 75k ONECM BIER 7D % 7 Y DF AT ECM @ DFEMEIZ L U #F:4019 T
5

BT IV L RBOFEE L OBROMANS, a7 —7 0%, ERERTRELFHLE LR, 7m
TAT Y B MRRIER L R RIRRICE S U, B2 R T R RIRBICRE S TS L,
ECM k& o8 7 BIE, S REBICK & < &5 L7z, ECM fFiR 1%, fRMAEEAICKRELSFE L
7z ECM fEE 1, ERBERICKESFLE Lz, Lo T, MRER LM EHREREOmFIZIZ=2T
ECM DA ENRE L, B REBITECM Bl % o RV BEOFRENRRENT & TRERGSREAT T2
OOFEOFHEAE R LTz, TEHEREMRERTOaT ECM OO 7 I OEWEKT L &, L
L6677 uT A7) B DFEGITREVE, HERKETEIA I =7 OFENRRE < MRREET
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THEZ T BDOFENRRENWZ L3 biroTz, BB REE L GEREERO ECM B X 7 H D
AT Y OENE TS & FERERERIT BCM FAERF 2R E < F5 LIZ0ISk L TR RER
IXECM £k % > X7 & ECM G IR T O HERRE W LR booTz, LLEIZ XD | fHASE RO %
LRSI 2T — 7 0 MRSR DTS L HERFICIINE & v X7 B PEBRARSR DR L HERFIZIL ECM 3
K-, o RDIEE L HERFICIT ECM BB X 37 & ECM FEA TR+ DS & BERENS BB a5 % 5
e BRSNS,

4— 3. BRAFHABIZIE T SHEE MIGEEIE D X & — ROBIHN |THE5 > N2 H & ECM A+
A AEH S EZE 2 e & R 725

FERRESF O 9B ECM ikl F A ERIFRIEBOTENRENZ RS, £72 GO gt
5, ECM K F1IMA & MK EEE I A — RICRELS FET LI E0NRENT, ZONRAT = A DFE
TR TEEOIZEAEN T T ANIHESH, WX VRV BEIZETH7 07V /7L ECM iR+
(BT D MIREEEN TR CH T, Lo T, 747V 7k, BB E - 1R~k T
BENdEBZHN, ZORIZ, 747V )T UBROG T WL OB EREY TH LAY THRIESN
Bk R X ET H[19][21], FARICHIIREEE N FREDIZE A EN 7 T ANICHEENDL Z b, 747
U 77w L REEE R A L L CD D ATREM B X HiL, SR ER DT BLETH 5,
MIREEENAT = A DE TN TT 4 7 U OBEIZHET5 FI3 O A 7 a=y MEOZ T E
B, BERENZ LICEWICRT I N R A a T I TER ISR TV, 7407 Y IR R
JEIFII AN FAuTHEIVRBTHIRRETHL a v ya Rz 7 MT=I0HhLNLHEN
RENTNWDTD, IAFARTFIVTTT 47V )T U R TBOFIEDOH BORET DR 72
n5[19-21],

AWFFEDORATIZH TV BEEHRIF 2 Wel2niz, ol FR, SiF KERIE# L £,
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A Trial of Sand Layer Monitoring Using Transmitted Elastic Waves

through a Flume Test of Surface Failure

Issei Doi'’ , Hironori Kawakata® , Masayuki Nakayama®’ and Naoki Takahashi®’

This study demonstrates that transmitted elastic waves have the potential to serve monitoring surface slope
failures by conducting a flume test under heavy rain conditions. Four accelerometers were settled in and on a sand
slope that consists of permeable and impermeable sand layers in a flume. Elastic waves of burst signals that consisted
of ten cycles of sine wave were radiated every 0.4 s from a speaker that was attached to the outer surface of the
flume. The received elastic waves were stacked and averaged every 20 s and their time lags and maximum
amplitudes were calculated during the precipitation which was given from 3 min and was strengthened at 23 min
after the beginning of the test. Resultantly, as a slope failure approached which involved an accelerometer, the
estimated time lags and amplitude ratios for the accelerometer were increased and decreased, respectively, which
implied that the sand sediments around the accelerometer were loosed and unstable. It was suggested that elastic

waves can be a powerful tool to monitor the internal condition of the slope.

Keywords; Elastic waves, Monitoring, Flume test, Sand layer, Surface failure
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Instructors as negotiators of meaning: Remarks on the semiotic

understanding of Project-based English Program

KAMBARA, Kazuho " and YAMANAKA, Tsukasa

This paper attempts to provide an alternative model of instructors for Project-based English Program
(henceforth, PEP). PEP focuses on students' presentations, driven by their interests. Yamanaka (2021)
provided a semiotic understanding of students' projects by employing the Saussurean representation of
signs. However, Yamanaka's model fails to acknowledge the dynamic process of projects for several
reasons. Instead, we propose to interpret dynamic processes of projects as unifications of signs and model

instructors' role as negotiators of meaning.

Keywords: Project-based English Program (PEP), Semiotics, Saussure, Pragmatism, Negotiation of

Meaning
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1. IFC®HIZ

KimiE7m =7 FNREMTEET 1 7 F A (Project-based English Program; PEP) D7l 57
WIIER OB ERZEr~T 5 Z L2 HWET 5, PEP &id, FAOBALNIEDEETe Y= K
EEDTHEHW, TNERERLTHEDL I, LVWIRRERN—XL LEEEZHETHL (LI
722021), [IH (2021) 1E PEP OFLF il 2 AT\ b b o0, £oERIIZIE TFiE] @
FFEDTICBET DIRELA A DI D, AL TIX, ZDRELEZ —D>T oA LT, ZThEET
LTDOHMgE LT, FARICIDBROGHREREZLSZOE—LE LTAHARL, #HEZ B
BRORZWEN] BT EPERTHDLZ L2 ERT D,

MCOERITILL T O LB Y TH D, 28 TiE. PEP OB & Lt (2021) 12K 5 PEP Ot
FEImAIREIR 2 BT 5. 3 HiTlX, ORI b ORBE AR T 2, 4 HiTlX, ZO%f
RELTOEKRORZWAL LTOHEEGOFEM 2L D, SHITELDERETH D,

2. 7Oz ) FREREEFTI OIS LDESHBER

AFITIX PEP OMZE L | (L (2021) 12X D PEP O EamfIfiEiE A%, 1H (2021) 1X
PEP Ot SR 2 B4 5 Z L1k » T, PEP OHENESGT 50170y 227 oK
f<HsHEEERETD, %%@ioﬁﬁ%m%ﬂ®%§%mﬁﬁémmmkof\:@i%m%
RENDZREHLOTERNZ EZ@wm LT

PEP &3, %F&@k%fﬁ%ém 4€%k%®~%@%ﬂ BOWTHEREINLTWDHE
FEHE R T AERL, FECAGORKELNIL LSRR Y= FEEITLTH B,
FRERELTHEDLY, EVWIREBEER—RL LEEEFEHBFTTHD (E5A 2003, [LFiE)
2021), PEP DK X 2 f5 D — D1, FFEDHFIEONEEZHE N FAICHZ D & ) Hlisiz
BMOFRE L LT, FATLEOBRMNIADEEHBERZFOOEZRMET 2 &0 ) FEHRAT
HZLETHDH, £, EOXICASDTuY 27 FEFERSE, BETIHION, LI
FHLELTOHEDAFNVNRERERZRI-T L0 Z &R TH D, PEP I LR KT
PN B EEORY: (RIRRT, R T, THEMBRT, iRy CHEEENATETEY,
IR 72 SNGRARTZ B DIZZETERE & (T 72 DRk 4 72 A IR IE T 5,

LHNED (2021) 1FSZAEERFO—HOFF THEME S 41TV 5 PEP OBGRH - HERAH 54
FENCER LT D, ZOHTHILF (2021) 1%, PEP O & Z O R A FEMICEH LT\ D, 11
HIRER D KZACH T DIFEHBENHEIC L D FE~OHHOMEZ LR OICLTEBY, 20k
HPURENDIZEDHREEH T TN LA/ L7 LT, PEP R ZO#A A WIRTE S
EWVWH ZEETRT D, FAUTIMZ, PEP O F#BARENNCT T 7 ~T 4 A LOFFT LB
MEHEOZENm b TND

_TM$i7my17h®%%%%%%%ﬁﬁéoﬁ%%(mmmw)& . R
(symbol) DHEIEL, ZDOMEAIZL > TED L I IR ENE U500 %?éﬁ”“%%ﬁf”
M$i3wmm(DM)@%E%L%Eﬁﬁé_kffmyxﬁ%@ﬁﬁm%m%%k_&w\
PEP |[ZB T 2 HEOKE ZH R LTV 5D,

Saussure (1916) 1EX 1 @ a D XS IZEFFERLFOMELXRT 5, MBHSENSIELS TH



BROZWANELE LTORBOHRY  7uy s NEEMEE 7T 7T A0 Fimlii %2 K- T

0. EESERHER SOk, THASHTSORLRT, Sausaure 3EkE V=7 =, JBE
VET AT VLSS UBTEY =7 4 2EERCNELIF, V=7 4 7 v 2B LIRS,
ZOREEEE tree &) HERICHE TID L LK1 Db DL I IZD, FERE LTHEIAROEER
(TR B, BRE LT /iy &0 ) EERxHET 52, 2 LT K1 O cidilf (2021:
55 bl eyl NOREWHIEREKRLIEZbDOTHD, 22 TlE7av=/ FOFE
BEDNIERUT, B0 HARNE DN ERIZENE U T D,

a BEOEARE b. BEELTD tree c. 7OY Y kDS HIER

ymoeT (=S N
(=BAE) momsnE
V=TTV it 709z b0

(=) ' ERHE

1 BB DEKREE

X7 ey 7 M L TRl EmifiiiR e 525 2 LI X0 BENEEG T 2% IR
L7z, PEPIZBWT, HEITTr Y 27 NOBERSHNELZHZ HIAETIER, H<ETH 1
V" EDXIIRETLIONE VI EROMEEFETHFEL LMLEST LD
(I 2021:54-66), Z D K 5 RFFEOKER, FAEDEE~DIERLEENBEINDL LIk
S, EWVWH ZTERMEINTWD (LHFIEH 2021),

Fo. BEITFAEOT Y =7 FOBROMEIZ LS L, L) HEHTFE L HE
DI a I 2= —va VORERET 52 L1k b, FAETAEFOBLICEDEZ
WEZRE L, ZEFZZEONEIZEOE B LRET DT (facilitator) & L TOEHIZ
Wy bbb,

PEP O it %22 &GE0 5 L | Jibf BIXRE O KA 58T 2 523 285 L L CEHRT
Do ZOEFUIFAEDIRDEENZT T BEORLBNI b RERPELEX 5, i
Eb7uYer FORERNMIRIZ, [PEP OHKEIXED L I ITIEDE ) R& N2 L)
B —EDOEZERMEL TS, EWVI RICBWTFHRLICEHMETE 2D THhD, PEP OJF
FHINER ORI ORI T 5 FE L BHEOMOBRE A S5, wHETIE, i
Ko7 0y =7 N ORISR A BEHIE RG2S,

3. WhETFTILD TEBKR] & TR

AEHITIZIIPIC L 27 0y 27 O ESmRAIR (LR, (LPET L) IZEEND DD
BEZ BT 5, —DHIX Saussure 2 TR SIESE O L IUPET AN [FEHK] LIESLOD
WEPKELZERDZETHD, bH—2IF, WHET VIS &, BEMTZHEENAR
WMITPRFE D72 Tl REOMESBRPEIEREICEL L ThDH, UBETIE, IihET L
WEREE L W) RO m M CRERBEICET 5 2 L2472 LT, ZhbihnTng
Saussure DFLFHEEIZR T 2RI HETH D Z 2w U b, AHIITKRO X 9 1Tk S
b, 31 EITIE B of@EE, 328 Tix Tl ofMEEzEnZEhHE D,

_69_
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3.1. W EFIL & Saussure M TEBK] DOFs

ARENILLTO X IR E NS, 3.1.1 HiTld, IHFET v odtH Ol & LT, Saussure
DEWBNEDL )b D THL2O0EMElT 5, £ LT, 3128 TLUFET AV THEEI N
TW5 TEM] 23 Saussure DHLDKE L BRARD a2 D,

3.1.1. Saussure NHEEIT 5 IERK]

AHITIE, WFET L ORCERIRET O 7= D OFiHEfE & LT, X 11277 L7 & 9 72 Saussure |2
LDRENED X S Rl E OO BT 2, DBETIX, ®5EO L hERTAF O E
t LT, Saussure 2% [EBE) LIRS O, fEAMICHAE SN2 E2HLbT L %
i C 5,

Saussure )72 FLSE1E 13 2 SiBICBIT 2B EOMEE R T O L LTIRESINTZ, 22
TO TEH] 200V b 2EADLNICA L 2MED K 5 7 O Tixa <, ol
EDFEIZE S THEEND LD REFFHRMEEIE L TV D, & 1 ITIRA (2003: 19-20) &b LI
HEBEICBIT 2 AW ZFTIU>DO4F { man, woman, boy, girl } DEREZRLIZHLDOTHDL™, =
NHMUSOAFITNTI b E MIBETAEMZ L OETHL Z LixET 0D, HRlDE
WSROI » FEFER A S 72 EOBLE D L EZENENDOERITENWRE LU TN D, FFEDE
B2 ARE AT FR | IR THIROEWE# (i.e, HUMAN, MALE, ADULT) OfEO#HR E LTE &
HHID,

& 1 ZEIZETHE FRFADERSE (cf. 12K 2003: 19)

HUMAN MALE ADULT
man + + +
woman + — +
boy + + —
girl + -

O XD RERFHEE O TZEEO R OATIZB W T, Fex A man &0 HEEIZED KD
ROLRZFFSTNDLON, W) L9 BRAIEITHER SN TV D, Bl2E, 2 AL man & THE
] A, Mo AT TBELS) &) L9 7e0G a2 BT 500h LtV Saussure H72
FEOBWROHI CTIE, ZOL I RBAEARED X 5 RLGEEGE BT D00, LI [H
IS, 2D DFEOEWROARERN AR Z 5 Z L2l B 5, ZOBENOWZIE, TH
#E R TEHES ) Lo EERITEREIRRE TH - T, YOBOEKRIC L > TITEER
FClIze . SHlraing (a4 2003: 21-22),

725 FEOBEWE RS T A ARAEN BRIV T b S Sh#ie b o T
HHERESNTWD, ZOHBITHALNT, HIHIEOEKROAREN LR A BE L TR
ﬂ X, {man, woman, boy, girl } EWIFEEZ AW 2= — g VR DICHEEET D L I1XE

WL TH D, 2O K I RBZ TR BAEOEROAREN 2 S 258 LT LERIT,
%_75%%\3 LED LD RLRERFEE DR ODT L9 &, FIUMMBIARE 5 & L CHEfRS
nNoZ ks, HlZIE, 4% man ThiVX, €OXREN 2 EWIX [+HUMAN, +MALE,
+ADULT] E WO IHFHRTHY ., ZOBEWRITZEALRIRICBWTHLEE T Z Lid2nbod L



FEWRORHANE LTOHBOEE : 7uY ey MEEMIEETT VT 2 0L 5z K- T

TI_-ABNA,
3.1.2. IWhETFILHLEET S IERK]

AKEITIE, FEICED Ty 27 FO3IELE Saussure R BEWEHIOZEIZSOWTHET 5, K
WZIIFETF AN RT L OIS, BAREICLEZTa Y27 FOFRED Saussure |2 LD EiEiL s &AL
iG> bL 0RO THIE, FEOTu Y= NONFITHEMICIE Sz, B rE
ZROLDLRHITTTHD, L, EEOFREPRVMLT 027 hORFITIZOL D
TR A O L IER S 720, LIl Saussure N EX L TUz TER] EFARREIETH
< TEWR) MRESERLZLEFTwMLED

FT.FAEDOT T 27 MIEDL I RERER D bDORDON EWHMEEZFVE L DD,
BEIZ 2 filz Tﬁkiiﬂ\?EKME@&ﬁ&fﬁV:?F%@”éﬁéﬂ Loz kizo
WTIEREZRHHENG 2N TS, FARICESTEADOBERIZIh~ T 7 —~&2R5T &
bHDHTEA DN, RRHTE AR OB ZRD D X O T —~ 2@ S5 LRy, Lo
L. 2OXH972NFITZ ZFTHATE L H 7 Saussure (2K DERE LXK < TBENLT-
bOTHDLE bR D, ZHIRO ZRIZEEDBND,

A FEPED D T2 FOWNEDN (EAEIIND) FE2iHT SN b DOICEIET D07

RED 2N,
B. FAENEDL T 27 FONKBARENTHDLE NS T EEZRFET H T LIFTER
Y,

EFT.AD FERED LT BT 27 FONEDN (RHEID) (L2 IbF Sz b oIIzE
BT DRGEN 2] &N D BRI OV T U D, PEP 253 2 %A%, N & v o BRI 722
fﬂ%@¢f§%ﬂkﬂryiﬁh%L&%3<H DM, FNDRMEANT HESWITIF SN
WA ICEIET D E WO RIEZE ZIZH 220, 1H (2021:52-53) 235w U5 &L 912, FAEILBLRE
Efﬂﬁi%&%%%%k@ﬁﬁb&#%\ B OBREMO NIZG>THHHITEED
L7ebWWEA S 2 ) LRITERA AV IR, Fkx 23 PEP OB & L CRAELZ T HERICH
I _ERold, THSWICEAESNTEANE] 2EEZFEITBOROIED Z LTIk, #
ENBEORNEMEL TENZ TR < BSOT Y =7 NERETHI ENTEZ
Dr, ENHTETHAI,

WIZ, BO [FAEPED LT 027 FONENPAER THD LD ZEERIET 52 L 1T
TRV LV HIZOW T L5, BEICH U2 X 9512, [+HUMAN, +MALE, +ADULT] &\
I TRIE E D45 man O TEH] X man & W) EEOBEMROARE ) R FH S Z5ELT-H DT
b0, HiRI) X [BHS ) EVWoBBiIBE sy, 2T, ZAERREIEDLZ
h%h@ﬁﬁﬁﬁﬁﬁwm%®?%ékwﬁﬁﬁﬁ?%&w&wﬁ:&ﬁk%&%%&&éo
Bz, Ve A —ORMEICBELERORETHE THM) o TR & [BHEE o
BEICOW TR ZED 2 00b Livewy, LovL, HERS) & TBEE ] 13451 man O
HER TEW] ThHZ b, ZOXIICLTHEDETa 7 b TEB) 12, bk
BN &2 D, PEP 1T EDEL O SR 252 A D K 9 7okl 7 CTdo % 728, Saussure
2L D EiERT OfE L OFEHEN S LD 2N O THENEH O NTRELZ L O TH 5,
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3.2 REDEKRTO Mgk EMARBINEINiz K] DOREE

Azt TsT kT s B oROCOMEIZSW TR L5, fiE7ey=7 ho
LRI O 72T, HEN Ty =7 NORROBZER S Z L &8T5, L, [uf
T, (1) AROEBEWRTO DEX TEARWLOOREEZRBTHZ LI, (i) LB D
ERICE R DR AN TR D LW ) ZODREEFFO,

Saussure (& L DR EImICB W THRIAIND DT E BHROXICEBROEREMNETH D (cf.
U 2012: §12), BUREGETIE /i) &V 9 FHRIT TR OEERFEOSL, £ausxt L, Bt
HAGE Tl M/&wﬁa$@%U®%AkFUomfwéo_@ioﬁﬁﬁ&i%®ﬁﬁA
DRI HIRMED 720N B D EFEDS Saussure (2 L 2 SihOR BN (arbitariness) TH D, =
wamlC BN T, PR EMIN D HRIIFFEDOEHE Bl) Tho T, ﬁ%#@ﬁ%%ﬁ0%®f
E720, SEOREMOHERmIL. HDOEFRINEREOBENH PO Z L IZHARMET RN &
R L TWN5D,

I T eyl bR IIMNEE XIS, [HEREET 208K L AT 7
D) EWHEENAET D, PEP OFEBIINAORRE &2 EEd 5 2 L THAEIC X 5 Bk
DRI L, SEUND AT 4 T OB ZHEIET 5 2 L TRERICTLRPEENOT VRO
AR D (U 2021: 62-64), SFHEUND AT 4 7T OEEFIE LTiE, BREF &\ o7
O— 7L AIZHEIL T LB T —v a2 ERET NG, ZZCTHBEE LW oIFERe
B LW o T2 RELAAR YT Saussure H72 [TEX OFBZIZINE D DD NH Z L ThH D,
WMz, 7oA 7 F AT 53K T X OFMICKZENT O L FRFIZ, &% Y OFHIC
g2 & T Z OFMICELEEZ ] LWV RBEFEN LT BRICHEH AR T Z L3R
KOERLZFFEL TN D b0 L LTHRTES, LAL, m— A7 LA & O BREAD
REIZBWTC, PAICL D RENE L SFEMRIINE NS 72 2R/, 18 2R
Lk%%f%hﬁ\%E@fmviabmmﬁ’mzfﬁﬁmﬁbé%%oiékwmﬁﬂﬁ
E%@ihé*&’&éﬁ%i RICHB DN EE R ER CORRIZFIC LB TERWVWOT
HIUE, PEP 2R T DHFEITREN 2 H DI ﬁofbiatéoo__fﬁﬁmﬁh%kﬁ$
%@ifii%i<% %, MSWord TlE7e <., LaTeX ZfEH L7z 3] 0 T2 T 4 ROERK
IZ1& Powerpoint TiZ72 <, Keynote ZfiV\72 X\ EWolebDZBEL TS, ZORRED
FFETHIUL, — ANOBIRE D REAI YT 2 LEVEIFERT 5.

PLEIZIAFE T A0 DER) ISk U TIRRER A 52 7 Z LIC k> THELLFRETH D, L
U, IWHRET XTI O LD iR A2 BRI 5 L TWARREMES EW, B2, i (2021:57)
X BB EPNENREREZ b DAz L ETEERET D, LrL, tree &I FEE D
MO BN E DI, BREZF-TERITREF RO TH-> T, BRZO LD TRV, KIZ,
o FEBEY I B BEPEKREZRF > THDHOTHIUL, ST OMEZ O O RfiFT
HZEIZ Db, Bz, HDORER L ICBT DFAEIC L o THR SN T D 5 HLOFROE >

WCHEBDNEG L, ZNERMIERFR 2 07y =7 FOERUITITERZ Ot 523 DA
EFNHZ LT b, ZiUuL TRREOEXNBMTHY , ((fTHLHRE)] L) REEZBHE L
FRTHY, FELABORBRROET MMUIZKIIL TWLH 72T TR<, RREmifERE Db O
WNEfET 5 TIRICH Bbihd,



FEWRORHANE LTOHBOEE : 7uY ey MEEMIEETT VT 2 0L 5z K- T

4 BERDORBANE L TOHEDKE

AETIE, 7my =2 FOFREmEIROSROFEM 2 A5, A TERR L7z X 912,
e ucix Ty & TEW O OMEIZB W CTkx RBGRIBEN S £ D, L
L. PEP (ZBIF 2HEDOEEIOI/REZRATZE VD FIZB W T, IUFET VT UICHHE S
NHHbDTHDL, REUIILFET VOB IERZRRT D Z LT, PEP 2B 2B DALET
EHETLZEEBENET D,

BT, 41ffilic Ty ey=7 FoRREHE—(boBfEE LTI, 42 I THE LR
DA ZMT TERORWAN] & UTHAEMIT A Z L 2RETH, £ LT A3HTIIINHD
R ﬁm¢%7w#9hbfwt7u/:7F@777V742A@ 5% & OFIFME 2 e S
THZ&xml

4.1 CEDMEZE—LDOBELELTRADS

AHiITIH, 7RV FORBELEFOMEGEELE LTIRAD Z LA REL, L50RE%
B—/t (unification) DL LT Z DI L2 ET D, H—ALLITFAWVICFE LWL T %
MAETHILICL > THI 2T ZAIH S L8 EL U CTREAHT BN b, BIBETIE, Z ok
KR B328iTHI L7 By & TEW) ORREZMET 52 LN TE LT TR, KFHE
DFIEIE LD FEDRERRNE OB R FEREZIRA D LN TEL I L EZMmM LD

32 FiCITIhET MICKIT S T EICET sMEA R U, (LPE7 UL [R50 [B
Al BZMIZzRTLEOTHY, FENTBY ) NERBEIELZETRENEDLIITERL
TNV D) LW BEICK LTI — B LM E L 525 Z LIZKRIL TS, ZOfH
AT 5720, AT ey=7 MOREEZTLZOHE—bOBfEE LTHIX 52 L&t
ﬂt‘ﬂ_éo

H—b&iX, FFRS3E5 (computational linguistics) 2BV CTIRREIN L FHIEOMEETH
% (cf. Shieber 1986, Sag etal. 2003), il (X, BURFEFEIZI\NT, runs &\ 5 BUER O B RE
IXEFEN AR OAFTIMNERT L 2 L2 ERkT 5, (la) 1TTFEAFIMIO Alice 75 = APk
B CTh D &) B b SUEMIZHER 72 3278 > TV A 23, (1b) X EFEAFIAID they 28 =
ABEEIE CTh D &\ 5 B2 SUEMICHER TIER VW E 2o T D, (1) OSTERESTE
DZFET Alice X° they & Vo 72 5L 510 F 405 SUEMENCBIT 5 1EH & runs 233k 8 2 STERERIC
BT D IHMAFET 2035 &0 D FITR®O 5415 (Shieber 1986: 18-19),

(1) a. Aliceruns

b. * They runs

H—b LW\ o BZITHMPARZ D THY | AV JEDRWEL T DA 2l T 5720 D
B LIEZ D2 LN TE D, ZOHE LW BEEA 2mEMICHEA L7 SRR L8 2 50y
BB TEHWD Z & T, kA R EEBR T ICREOT 5 2 &N TE D (cf Sag et al.
2003)5, EHELORENORANS L, Tud=s hORBEH bE L THRZS7ZDOFEXR
AR T D2 X TERY, L L, BT, 208 boE&ERAT A LItk - T,
IHHFETANRZEZDZENTERDPSTEEIRZDZENTE DI LEERT,
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FT. LWHFHET VBV TREN AN TR & TEW) oREe#EET 5, B
Saussure NACKREM L TWe ko7 (B3 B, XFITMA, HIRY LWnolebDaGiedts
ET 5, WITEWITIIHET VERRIZ, oD HBEENRICHET2bDE T 5, T2 CHE
7z llE, BRI OEFETHY | ZIHFEOEERBIATLZ L EHVHERVLD LT
HZETHD, 2FV, WAABEIAENLREREZLDIFD] 5L 05 X9 LITMEEL
72Uy (ef. [hH 2021: 57), ZAUFEGERA 72— BMEA R T 27O DOHEETH 5,

WIS FEICE DTy =7 b ORI EORERICRNLT 2 X 5 B — (Lo &
LTSI D, ZREMKICKR L2 b ORK 2 THhDH, K2 Tt IZBWTHFEET L
X SI[f] & EBE SI[m] OfAGHLETH D S1 &, B S2[f] & E S2[m] OMAGHETH
% S2 BWHEAMTHZLICEoT 02 TR S &5 2 & 2RO b
FoTRLTWD, B—bofRE L THELALFESE S I, BRIIBXLE S LY (e,
[SI*S2[f]]). ERITERE 5 L (e, [SI[m]*S2[m]]) A THZLICL - TAIHT A DL
LTREEND, ek, P CIIMEENICERSCIEADMAG DS DK% [+ k> TEL
TWAR, Whbwd HiITHE] Z2BXLEZLOTIERNWI LITEESREZY, £/2, BP0 R
PUBEDRBIZONWTIE =R Y —F —IC Lo TAIE L TV 5,

.... STS1[f]* S2[f]] b
o SIS1ImI* s2(ml]

t1 t2

v

2 B—{to@fEe LTy FOXKE

ZOETMIT I TR Ule L 9 ek x RRBEZ IR+ 2 2 L TE 5, BlziE, m— 7
LA E DS RE~DRER LT, BIOBERORZET LIZbLO TR, B2t 524l
HL7ZbDE LTIRADZENTE D, 2B, ZITHEEINEZVWOIX, HHEFOEAE D
L OB EDEREROMAGDOEIIFERERTOR LEDLE (R LITEHITADLE) TiX
72 AN ETRTE WK D RERNAIFET S (emerge) FIREMERH D, BEIZFR U7 L D
2, HOREREET R O LIZGA. € JIIIARDBRICE ENh oo X 5 Ie~tEI7Z &
AEUDAREMENRH 0B TH D, AROAREMEZEE T 5 Z L2k - T, Btk
PIUTLE I D, B TIIFEN AT OREK LRI 5L H—b & U THREMT 5.

4.2. LEDMEZERIFELLTO ERDIRSA ]

AEICIET e Yoy NORBEREEZHELE U TR AR, ZHEOKRENIEROLZBANE L
THZADRETHDLEWVWI Z EaFET L, 32HICTEHRLEZLY1IC, [HEBEF ey =7 b
OFXMEIZ LG TERY] LW IUFET VOB ETFEDOEZER DL REEL TV 5721 T
72, ol THEREITAERERH D, AHTIE, #HEICLDZ T2 Y27 FORNFE~OEE %



HROZHBANE LTOHEOKRE : 7u vy MEREETT 75 4O 5z K-> T

IR, FAELDaIa=r—vaZB LT, TOFARKRIE L WVAFICE LT
BEIRET HERORZW A (negotiator of meaning) & L CHZ D Z L ARET 5,

A Cim Lo L 212, 7’y =7 FOREOEBITHE boEfE s LTI_ZDZ &L T,
IHE T ATH BT bk x IR EZ R T 5 2 ENTE L, (WHRET AT FHENEST5
KGN T Y=l NOERDATHSL] L) Kb —x(kiZ L > THENES L 9 2 #iE%
b LTz, BEICZ O— At ORIESIZOW TG Uz D i3 Z LT Lgwnn, 7my
=7 hOJEJRA H— m&bféﬁfﬁ%w%Tme DEEELDEEWHT L LITTE
WV, L L, BFELHBOII 22— a Vil TREE) LOBE—LIMEEIND L&
RHZET, KRR ELRTT DI ENTE D,

PEP TIIHAAEDNSS 2 DRI RA RNEERBED . [ZE2ED X H IR D DN
WND? ] W HB EFAEDOHIOR IBROBENRAOND, ZOELEARTOET
LY TIIDTHDLE, HBEIFZTORAEICE-T, BATED L I REEEHND Z L35
KRR DN FAELIIBREST L L LD, ZOXIRaIa=r—va Oy TiE, #E
F— IR G2 FEICE AT 5 L0 REETIERL, WEEZEBEART T2 oMb %
ITOFEE LTIESIT b D,

:m%%iz HAbDOWBBROT THENES L9 2#HEZMRT5 L3 DL )2k,

IAGOT eV NEREIEDHTOITHL 2T (e, S1, S2, S3) 2 Fba 5, 22
T, ﬁﬁi%@%iﬂkwigﬁmﬁ_owf CTenWonEE Lz LT, LR
HFOMBEGOE (e, S1*¥S2) ZRETDH, ZDE 7% [HLEREZIRZDTZOICEEX R 5%
AW Za#2 ] % Girdenfors (2014: Ch.5) O HFEZ M L. EROZZW (negotiation of meaning) &
IS, LT, 20X RERICRE L TBMT2HE OKRE % BEWORZ W A (negotiator of
meaning) & ET D,

T g O\ RREmETES

~
~
e
~
S
~
~
Sp
~
~

_____ v \ > 151 & S2 OMBBDEOHIELTNS
m g DTRERBVA &WSHRAEROS
w > ZORFRERELTSIERFZ0OHEE
DRFAE LTORE

t1 t2

v

JHE—tOBRELELTOTOCIY FOREELEEKRDIR S
HEOEEZBEROLZWAN L LTLESIT 5 & PEP OFREN 2 b0 L3 bin &
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Shimizu, Yuki Orikasa, 72nd Annual Meeting of the International Society of
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Electrochemical Behavior in Calcium Aqueous Electrolyte of vegetables, lori
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