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Butterfly fauna of Shikoku Research Center,
Forestry and Forest Products Research Institute

Takeshi MATSUMOTO ", Shigeho SATO " and Takenari INOUE

Abstract

A list of 55 butterfly species recorded in Shikoku Research Center (SRC), Forestry and Forest Products Research Institute,
Kochi City, southwestern Japan from1991 to 2012 has been compiled from collection data. It consists of eight papilionid, six
pierid, 13 lycaenid, 22 nymphalid and six hesperiid species. One of these species, Acytolepis puspa, is thought to have invaded
SRC as early as the late 1990’s. Another species, Chilades pandava, is a stray species which was recorded at many places
of Kochi Prefecture in 2009-2010. According to Tanaka’s criterion, excluding C. pandava, there are 37 forest species and 17
grassland species at the study site. The Sunose environmental index (E7) based on the 54 species recorded in the 19912012
period was 105, which indicated a “good natural environment”. The EI value based on the species recorded in 2006-2012 was
96, indicating that the present environmental condition of SRC is of a moderate level. The ratios of Himalayan (14.8%) and
Malayan (20.4%) geographical distribution-type species in SRC were higher than the national average in Japan. Eurema laeta,
Artopoetes pryeri and Damora sagana, Red Data species of Japan and/or Kochi Prefecture, were recorded in the early 1990,
but E. laeta and A. pryeri have not been observed in the 2000s.

Key words :  Biodiversity, environment, geographical distribution type, Kochi City, range expanding species, Red Data List,
refuge

[ =

BRSO SRR ST EZATIC B W T, 1991 £~ 2012 4 F TICHRE - BRI i+
g R L, EHIHESZICHEBEEN TV ABREDOEAZRHN, RETF—22HMH L, %
DFER, 7IONNFavflsh, vaFavflefi, VIFavR 13/, 27 F a v 2 f,
bV FauRle i, Gatss ARG INTZ, TD55E, Y7 I=)L) Y 3id, 1990 F1I0%F
DIBRICHESCFrICiEA LI EEZ BNz, RF a0 THE7UuxEXIVTY VI IERW 54 1
WKDWTHHPORBEICEDWTHHELEE T A, HRMMEREE 37 # (69%). HEMEMIZ 17 G31%)
THote, WHORBEMIEE EIE50) 13 105 T, [BIfaMoRE I cH i [Z2HK LM
I NTzo 2006 FELAFICHERR S NIZREICH D WG O ETREIEZ 96 T TEM « AR 1cHiz5 [
HIR Mt Nz, SOOI ORI E H AR L iEd % &, HAZ DR &
TEHISZRDOTRY FHRIDY 2 —HDOFEIZ DAL, HAZSDAILR &5 3t < L —Hp,
W7 VT ERDHEHER O I YHROMDN LD 2B G ED - Tz, 1990 FEHTH K, DL
v RUZREREZEHEROL Y RF—&X « YA M EI Ny~ rZadrFary, 9o5dETY
VI, AR avRUHEREINED, 2000 ERDFICIEY T aFFau by oadIAT Y
VIFEETEEMo T,

FoU—F AV, BB PO AR, ST, OAIERE, Ly RE—&% - U X b
e F
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w 5

ARMRER LTI S (BAR TPHESZ A EI8ED)
. SISO B REICH B, WESATO &
B o | el = O 3 LAY SN S R S Tl ! BE L eSS T = el i
ATEREEE LTRSS, 1 & m il o fKHhic
WBKHE EEEDIED > TWD, PYUESFT O E PR
WKL TEZ 1964 FETAIIF VDD B B ix B
BTH oM, 1980 FARLEE, KD Z L IFEHIC L
BENTETVT, HETRREDMEEIE ST
%, MEFFOEYICONTIX, BARREICHEIEE NG
BEAR (KH 1998). P4 MY (1BFF 2006). K% (1
1998) ICDWVWTDOMEDNDH S, Fa VHIIDODWTERH
WHF B (1998) DHENDH B H. T 1991 ~ 1995 4F
WKEBRICRESNTIZEAT -2 EE LDt DICT E
T, VUESFO 7 7 U FZ#HET S 05 HINTIiTb
NIMEERTREEZNTZD, ZLOENY A NS F
nNctwaseEbns,

A BRI ZERE B D K22 E OB IE R LI L <
PRI EREE & BRIV ERBE D HIC A DR U - e il 2
EDT LR, KR O T2 BEENICIEZ T #Hn
TERENS, HHICBLWTRERLR T, BER%E
FOEYOBHIGTE UTHEEL TL AR E L
(FHE2004), HIZIEHE 2004) &, DL ORHMES
BN I IR F S O I A R T2 F 3 v D
86 %ICHT=2 0 FDF a UM ERTZ T 2R LT,
7z, AR (2006) &\ E OB S ZERT 2 B 5%
MEZE DS 70 EOF 3 VORI EWRE Uiz, ZT0
I Hep e MEM 2R & 66 fl &R M, HLTHD
DEZEMKX DL { O T 1980 4 LIFEIC 4 B A R
NTWEFavOMBENIBRSoMpi%ThHs e
gL C. ZEA&MAZETEERS M EDZ T L
ZRE L TW5, FERICKA (2008) (&2 B O MK
GUe T 2 B B (IRAE, EDESF IR ) B R U
g sbr FMN S 55 Mz il Lzh, 1980 4K
LUF% (1990 FFEHE T ICEZEN TR I N TS5 F 3
Y56 (PR EE RIS 1991). 2000 ELAKE TR
67 i (HZERHALS 2012) THHT D, Y%
FEHE RO BT 3 VOSEEERELTVWS &
FAB, EHICHAR - FFE (2012) 1. WFE 7.1ha DA
KRG WIS AT AR IE S BR AR (3 EIRAGILET ) D5 IRD L
w RF—% X MHBFOENE 225 63 O
Favkiditd s e dic, ZRERREOEELIN
DOFEL @V L RRE L,

WAaIFSE, UESFNCAERT % F a3 A GER
ROMHSMTT S DD THEZITV, Fa v
DS PUE ST OBRBEZ M 5 C & 2l AT DT,
ZOMRERET %,

A X Uy ik
U SZ AT 1964 4R ICHRfE ML (Jb#E 33 EE 32 4, R

133 2950, REEK Som. [HAE 7.4ha) ICBHEL T
T, Biaild ke, 2 IcENN D%
COBARDHZ BNz (KE 1998), BIED L HiF] A
. EERFAD 3.2ha. BIAREIAD 1.4ha, HMAY 0.6ha,
EED 0.9ha, FEHMEMM 1.3ha TH B (Fig. 1)o
Wi, FI A F Cryptomeria japonica (L.f.) D.Don, t

/ & Chamaecyparis obtusa (Siebold et Zucc.) Endl., A
Z w ¥ a XY Pinus elliottii Engelm., €7 Y 7 F 7
Phyllostachys edulis (Carriére) Houz. 7% & D 75 i ~ I iin
M SE0, BAREICIET T - 5128 (Quercus spp.)
R, FHOBAPHEK SN TWVD, Fimicidad
BHABAKDHEHARKOMIC, NFV Y TN TYF
Abelia x grandiflora (André) Rehder ° /1 5 % x4 H &
< Magnolia figo (Lour.) DC. 72 E D{EAREAEZ BN TV
bo ITHEOREINAE (—HAGE) Ok, N
His> A 2B AR FOREZRLE LB &
o TW5b,

BIE, m ARSIk, @i o v iic
KBEAN D LRFEAEAANITDNTVS, $hbb,
BEEETHMERLOTERCIE, 4 A, 7H. 8 AL 10
RISV R7y Ty 7 A0— KM E N, &
BrEERMR T, 6 HL 8 AL 9 AL 11 A FA D Ay
PNTWVB, £z, BIAROEKATHIZE & LDIE 2 [A],
EINT VD, 51T, ITHEFRBOFEHTIXE 2 [
BE (FE L), BN fTabh TV, &5,
FARM (BIARFES K TEREMK) ICDWTIEEMNRE
HIZITHONTWRV, 1990 FRETE TIE. MDA,
BE, BREVEOEEITBUEIC IR % LK< BREH]
LI EAEHEDNGED ST, FTEH Tl A5E D HiHE
DDA S ULIEXES, #iL < BIEEMSZHEKT 2
BT DR O T DI ERIEZ A L TV a0, LU
EHEZMHH LRI ITDATWaAED 5Tz, LB X
U R O i MR 1 2007 SELIBRIC R E Tz d DT,
ZTNLARTE XY 7 SRETH > Tz, miEd4~5
FEORIC, TEMUEEDELL TS DT AN
MTboN2 K S1CAD, EH{RARD I 75 > 7z,
F LB H o T2 TV U F T MR 2010 FIC KR
LT E L7z, & 51T, 2004 I, PUESCHTO 4
BT H o T 100 KDL EDOAKR (FITEFEER ) DEIR
TR T 2 M ENFEE L (BES 2005), T
nooTeMs, 1990 FREEIRL T, BUETIEEAR
DAL @AM EH S B I HED Ul & 51 R,
kB K TENAD LT,

2006 1, 2008 1, 2009 3B X T 2012 Fic, PUESZ
FRORN T, #HF 3 VHEZRE LU, FREMKZEE
A LTEAZREL. YA NZIEKL . 1991 ~
1995 FiH FIc K> THRESNZFavDU X+ (—
BB 1997 FICEHEDIC K> THREI N DETTL)
KOV TEBIICAERIN TV B D (H L 1998), PUIE
RO 50 EAESREE WV S —iRIC AT U #EW TR

PR AT 5512 %3 5, 2013]
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- Conifer forest ( >20 yrs.)
- Young conifer forest (< 5 yrs.)
- Evergreen broad-leaved forest
Deciduous broad-leaved forest
| | Bamboo

[] classland, Nursery & Shrubbery

Bl rvic

I:l Pavement
[ sareland & path
- Private land

Fig. 1. Sketch map of Shikoku Research Center, showing forest types.

FliCHEETN TS, ARTHIBEHTSCELEL
Too EHIC, WEZANICHEE SN TV 2 BHEAZ
N, WEHFFTRESNFavoT—42EMB Lk,
SREWER LTz A TR, EANELN TV ARIGES
&, FoMfEE. Rl REFEAH. RESEHZRT
Ulzo BEARE. MR AU L BRI, R
WEMEAUE YR EZZEEO-ANTHEH Eick
STHREETN TV, REIN TV TEHEHKLKH
BEIND BEAICEREICSCTY A Mgy, HE
AETHZ T eI ETHIL L, REEEE
HEXZ, HERR (VDS 2 3%k 0 ), LS
F(XEs - L), MARRISLE (D88 - 3L ).
B (X2 &9 - BB ), MAWE T (TS5 -
F 0T, HHEER (AP T -ATIF), (IHFE (PFER-
Hrta), MHEATBR (WEE-TDOUL)D 8K THBH,
A NTREDHREGL Uz, REZFDS B HIHEK (B
fE. AR W ocikE. TTL EHL ILE o 3 K
PUEE SZ D (ot ) IEHSENIR B . Al U Y e s 4 (B
1B BUR VLo Tl 75 o) 7 SERF S ) \ IR I S )R AR AR 2
) ThHs, BBBEDEAT N)VICREELD YT
LI NTZEONDH > 2, THIZREED S PUE
YOI EOHTHE (WAL L - dleh) KTH
HLEZAONDS, “HTHE &Lk, VAXNPOH
HBRUTEHICDOWVTIE. FIK (2006) IZHE> 7z,

Bk E MO EIG TR 2 . A (1988) ICHE >
TAMRERE & SRR IC KR U7z, X 72 BRELATAN 15 44

|Bu11etin of FFPRI, Vol.12, No.3, 2013

& UT. B (1993, 1998) O EIfR¥ZF B LTz, ‘&
RSk tE L RBEFMIEBIC DN T, EkFFa v
Eurema hecabe (Linnaeus) & [A]—f & SN T+ &2F
F a % Eurema mandarina (de 1'0rza) ICi&, FFa v D
Ko7zl Uiz, & BICA (2006) WMREE L 72 HAPE
Fa VOB AT 2 H TEH T, S miln g
$HHGEE LTz, &3icEREhTwiRns o
XA TV TV Y 2 Chilades pandava (Horsfield) 1D
Wik, ThHDRAIREFREDN SR LT,

i R S U5 5%

1.78DURbH

FIROFEIC K > Tidgk S NIMED Y A 2L RIS
R, FEAICHIT T, SREOABGITRE (BAEE
TS ), MBI AR (S RY TR TR —
BCOHREERL HARRL, b oY R < LA LB
RLFBAE ) B8 &K U EIOfE (3; 2 AL, 2; 1E B IRHE,
1; #li « RARR ) ZRC LTz,

77 )NF a2 7 Bl Papilionidae

T A AT TN Graphium sarpedon (Linnaeus) RN
BT ED2

28 1991 4E s H 1l H HE;28 199445 H8H H L
1319 19955 Hs H H ;14 2008 47 A 23 H 1k
A% 19 2008 4E 8 H 1 H FHE; 18 2009 4F 4 A 22 H
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A

2 /1 R7 77N Graphium doson (C. & R. Felder) #RHRIE
~L—8 ER

lex 1991 5 H 11 H HE (HB); lex 1991 45 H 18
HAFE(HZ); 1ex 199244 A 27 H L (H2); lex
199245 H10H H L (H%); lex 199345 A 11 H
HE(H®) 1ex 199445 H2 1 HE (H%); 3exs
1994 4E 5 HSH J L (H®); lex 199445 A 7H
b (HZ); 1ex 1994 FE5 H 8 H £ (H%); lex 1994
F£5H A HE(HE) lex 199445 A 15 0 H E
(HE); 1ex 199545 A 5 H H E (HE); 3exs 1995 4 5
HeH HE (H®); 2exs 199545 H7H H E (HE);
2exs 199545 H 12 H H I (HE); 28 1999 4 5 A 31
H A ; 1ex 2008 4E 5 H 21 H &k ( HE)

715 A7 7N Papilio dehaanii C. & R. Felder
HEERL B3
181991 45 H 11 H H F; 18 2009 4£ 5 H 29 H 1%

RRAAIE

F 777N\ Papilio machaon Linnaeus HJFME, XU 7
" EDR

19 200246 A3 H TN ;2002410 A 1 H 7T ;19
2008 4 A 21 H =#h; 28 2008 6 A 6 H £ ; 13
2009 4FE 7 H 9 H ik ; 12 2012 4E 5 H27 H H 1

27 Y27 7N Papilio protenor Cramer MM, <5V
M EDR

12 1965429 H 8 H FREEERHBH ; 18 1991 £ 5 A 11 H
HE 18200947 H 30 H faA; 14 201245 H 26 H
7k

F Y F 7 7N Papilio memnon Linnaeus
L—#1 EN

1219709 He H Aita; 28 1991 -5 H 11 H H [
19199147 H 13 H A E ;181991 4E 8 A 31 H H | ;
13 199149 A3 H A E; lex 1992 4F 4 H 20 H 1 |
(HE)121993F 5 A 11HHE; 18199545 H6H
Fr L5 18 2008 4F 4 H 21 H &l ; 14 2008 45 4 H 21 H
el 18 2008 4F 8 H 18 H 11 ; 19 2008 4 8 H 28 H
e 5 18 2009 4 FAA ;18 2009 4FE 4 H 22 H VA ;
14 2009 49 A 10 0 £k ; 18 2012 45 H 26 H H I ;
142012410 H 6 H JF E

B, <

777N Papilio xuthus Linnaeus  AxMRME , H#ERL | EN
13199145 H 11 H HE ;192002 4 4 A 18 H Ak ;
13 2008 4= 4 A 4 H AAA ; 18 2009 44 A 22 H A ;
13 2009 4E 6 H 24 H £ ; 18 2009 £ 5 H 29 H ik ;
142012410 H 5 H

T2 F 7 7N Papilio helenus Linnaeus
wEI3
18199145 A 11 H HE; 18199145 H 140 HE;
13 2008 4F 8 H 28 H ik ; 28 2009 4 4 H 22 H A4 ;
19201245 H27 H H L

A, <L —

> a2 F 3 UF Pieridae

F X2 FF 3 Eurema mandarina (de 1'Orza)
JEARE , EI2

19 1997 £ 10 H 27 H % ; 28 2006 £ 10 H 17 H #
A ;24 2006 4510 H 24 H KA 5 3319 2008 44 H 4
H A ;13 2008 46 A 6 A £ ; 13 2008 /£ 11 H 5
H £ ; 18 2008 45 11 A 26 H Bl ; 19 2009 4 4 A
8 H i ; 18 2009 453 H 24 H i ; 19 2009 4 4 H
27 H AE#E; 19 2009 459 A 10 H ik ; 1819 2009 4 9
H 29 H 8 ; 19 2009 4 10 H 31 H E#E ; 18 2012 4
3H 15 H ;29 2012 43 H 22 H Ul ;49 2012 4F
3A22 0 WA 18201245 A 26 A A E ;28 2012 4
10HS5H HE;182012494 10 H22H vk ; 14 2012
#10 H22H LA

ARMIE , A

VT AFF 3 Eurema laeta (Boisduval) B N
Bty | Eq
1319915 A1 H HE; 1919934 11 A 14 H HE

AT aF a7 Pieris melete (Ménétriés)
A= ED

131997 4£9 H 10 H F&H ; 18 1997 4 10 A 27 [ f&H ;
19 1999 4 5 H 31 H #i#E; 13 2002 4£ 5 H 28 [ 7T ;
14 2006 4F 10 H 24 H faA ; 24 2008 4 4 H 4 H A ;
14 2009 4 3 H 24 H kg ; 18 2009 4F 6 H 11 H £k ;
28 2012 F3 H 22 H WA ; 18 20125 H25 H H |
13201245 H27H HE; 122012410 A5 H H Lk
1482012410 H7H HE

RRAIE

E ¥ B F 3 Pieris rapae (Linnaeus) HJEME, >~
V7R EN

29 199145 H 11 A HE ;19 1999 4 5 H 31 H mijjk ;
13 2006 4510 H 24 H 34 ; 15 2008 4 4 H 4 H fA ;
192008 4E 11 A 5 H £ ; 19 2009 4 3 A 24 H {hk ;
1319 2009 45 H 29 H A ; 12 2012 4 5 A 25 0 J
1820124 10 A5 H HLE

W X FF 3 YU Anthocharis scolymus Butler
#4 ED
192009 4 4 H 8 H {5 19 2009 4 3 A 24 H k%

B,

€2 FF 3 Colias erate (Esper) TR, ATERIE ,
EDR2
lex 2009 £ 9 H 10 H £k (HE); 1512 2012 4 5 H

PR AT 5512 %3 5, 2013]
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26 H .|

Y X F 3 UF Lycaenidae

LT Y F Y I Narathura japonica (Murray)  #R AR
HAR  EDR

19 19915 H 11 | JE b 19 1991 4E5 A 26 H HE L
28312 1991 4F 6 H 5 H L ;2812 1991 £ 6 H 12 H
Hks 1819 1991 46 H 16 H H k38 1991 49 A 3
H O E; 1921997 8 10 A 27 H £ ; 19 2002 4 8 H
27 H 7T 5 19 2008 4F 4 A 4 H AMVA ; 19 2008 4E 8 A
1 H i ; 29 2008 4 8 A 18 H £k ; 18 2008 4F 8 H
28 H A8 ; 18 2008 4F 10 A 28 H £ ; 18 2008 4 11
H 26 H fEfE; 19 2009 4 4 A 8 H £ ; 18 2009 4 4
H 2 H £ ; 18 2009 4 7 H 23 H 1k ; 2829 2012 4
3H 22 H IUHE ;1819 2012 4 3 H 22 H 8 7K ; 18 2012
F10H6 H HE; 122012810 A 7H HE

INT T F YN R Narathura bazalus (Hewitson)
<~ L—% EDR

lex 1991 4 8 H 29 H H L (H%); 18 1991 4 8 A 31
H L1312 19924 11 H2 H H L 1419 1992 4F
1MMH4H HE; 121992411 H14H HLE; 338 1993
11 H 14 H H E; 18200845 A 21 H ;18
2009 £ 3 A 24 H £ ; 15 2009 4 8 H 11 H £ ; 13
2009 £ 9 F 10 H £ ; 19 2009 4F 10 H 31 H £ 7#% ;
1d 2009 4F 11 A 12 H #£# ; 18 2009 4F 11 A 26 H 1k
W 18 2012 4E 3 A 22 H il ; 14 201243 H 22 H
KA 18 2012 42 10 A 16 H £ ; 12 2012 4 12 H 13
H e

FRAAE

VI ARHA T TV I Artopoetes pryeri (Murray)  #ARARME |
A= ED

131991 5 H 18 H HE ;19 1991 £ 5 A 26 H H I ;
19 1991 4F 6 HS H H k28 199445 H 13 H H L
191995 45 H 26 H } |k

k< 7 Y 2 Rapala arata (Bremer) #MME, T AV
— 1 EDR

19219915 H 11 H H ;1921991 46 H 16 H H |

N ¥V 3 Lycaena phlaeas (Linnaeus) HJFPE, >\
7 EIN

19 1997 4F 10 H 27 H FGH 5 19 1999 4E 5 H 30 H #ii i ;
39 2008 4F 4 H 4 H FeA ;29 2008 4F 4 H 21 H faA ;
192008 4F 4 H 21 H =i ; 19 2008 4F 4 H 21 H 1% ;
19 2008 47 A 4 H #A; 15 2008 4£ 7 A 10 H s A ;
19 2008 4F 11 H 26 H 1k ; 15 2009 4 3 H 24 H k% ;
13200947 H 9 H &M ; 1312 2012 4 A 2 H L ;
192012 4 5 H 26 H JF E ;18 2012 4F 11 A 28 H £

|Bulletin of FEPRI, Vol.12, No.3, 2013

YWY 2 Udara albocaerulea (Moore) #RMilE | &
< IV ER

19 1991 4E 5 H 11 H H b 1ex 1991 £ 6 H 11 H H |
(HE®) 1319 191 6 A 16 H A F; 19 199345 H
6 H JHE; 19193457 13H HE; 1819 1993 £ 6
H21H HE; 19199346 23 H HE; 19 1994 4
SHI12H HE lex 19946 A 13H HLE(HE); 14
1995 4E5 H7H HE; 19199545 H18H H ;18
1995410 A 13 H H .k 13 1997 4 10 A 29 H £ ;
14 2009 4F 6 H 24 H 1%

Yo=Y ¥ Y2 Acytolepis puspa (Horsfield) FRAK
P, <~ L—H  EDR

19 2006 45 10 H 17 H A8 ; 19 2006 4F 10 A 24 H &
A 18 2008 4F 4 F 4 H MvA; 19 2008 E 8 A 1 H 1k
5 19 2008 4 11 H 26 H A4 ; 15 2008 4 11 H 26 H
L 18 2008 4F 11 A 26 H £k ; 18 2009 43 A 24
FI R 19 2009 4F 6 A 24 H £ ; 1812 2009 4 6 H
11 H £ 19 2009 4F 4 H 27 H £ ; 18 2009 4 11
H 26 H ;13 2012 43 H 22 H 1HH ; 19 2012 4F 5
H20H H ;19201245 H27H HE;19 2012 4
100H3s5HHE2922012F10H7H HE
V) ¥ Y 2 Celastrina argiolus (Linnaeus) AWML, >
N7 ER

181991 4E5 H 14 H HE ;181991 4E5 A 18 H H 1 ;
1919914 6 H 4 H H ;13192008 4 4 H 4 H VA ;
19200846 H 6 H ;12 2012 3 A 15 H 1% ;
182012 4E 3 H 22 H #aA ;19 2012 42 5 H 26 H H | ;
192012410 H 5 H H E

Y b Y 2 Zizeeria maha (Kollar) RN, < F ¥
m O EN

1319915 H 11 H HE 18199145 H 18 0 ALk
131995 F 12 H20 H H L (H®); 14 1997 4 10 A
27 H R ; 18 2006 4F 10 A 24 H KAA ; 18 2008 4F 4
H 21 H 1£E#E; 1319 2008 4E 8 A 18 H % ; 18 2008
8 A 27 H 1E#E; 14 2008 45 10 H 3 H £ ; 18 2008
£10 H 16 H 1 ; 19 2008 4E 11 H 26 H % ; 29
2009 - 8 A 26 H 1k ; 28 2009 4 8 A 11 H £ ; 13
2009 4F 6 A 24 H i ; 13 2009 £ 5 H 29 H )8 ; 28
2009 £ 9 A 10 H % ; 18 2009 4 10 A 15 H £ ;
14 2009 4F 10 A 31 H £#; 18 2009 4 11 A 26 H &
;282012410 A5 H HE

WINRA TV 2 Everes argiades (Pallas) HJEME, 1)
7R EDR

lex 1991 4£ 6 H4 H H L (HE); 12201245 H27H
HE; 1220029 10H7HHE



116 MATSUMOTO, T. et al.

Y25 XY 2 Lampides boeticus (Fabricius) FJRME
AT | EN

141997 4F 10 H 27 H fiéH ; 14 22 2006 4510 H 17 H
FAZR 5 19 2008 49 H 22 H /% ; 19 2008 4F 10 H 6 H
g ; 13 2008 4 10 H 16 H i ; 19 2008 4 10 H 28
H 8 ; 12 2008 4 11 A 5 H £ ; 14 2009 £ 5 H 29
H ERE ;29 2009 429 H 29 H £ ; 19 2012 4 10 A 5
HHE 18192012410 A7 H L

AR5 7YY I Chilades pandava (Horsfield)
19 2009 4 11 A 12 A ki
STV 2 Curetis acuta Moore  #FMME, b5 ¥
mOEDR

19 2006 4F 10 H 24 H #AA ; 19 2008 4E 8 A 1 H 1k ;
19 2008 4 8 H 18 H k% ; 14 2008 £4£ 9 H 22 H ik ;
19 2009 4£ 8 H 26 H 1£# ; 192009 4E 5 H 29 H 1k ;
192009 42 11 A 12 H ke ; 18 2012 4F 10 H S H H |
18 20124E 10 H 6 H H I

27 7F 3 U F} Nymphalidae

7Y KX T Parantica sita (Kollar) #RME, < L —H
ED3

lex 1992 £ 10 H 22 H HE (HZ); 14 1997 4 10 A
29 H ;18 2006 4 10 H 17 H A (B #@EmEICT 7
FN 10/11 FRV1407] &< — 7 ); 18 2006 4E 10 A
24 H FxA; 18 2008 4 10 H 16 H i ; 18 2008 4 10
A 28 H k%

722 F 3 Libythea lepita Moore
ED2

lex 2009 4F 3 H 24 H 1k ( H%); lex 2009 - 4 A 8
e (H%); 19201245 H 26 A HE

A, ATEARE ,

W g Argyreus hyperbius (Linnaeus) 5.
Ve B R EN

28 1991 4Es H 11 H H k181991 %6 A5 H H L
191991 4F 6 A 12 A HE ;4329 1991 4 6 A 16 A F
51812 2006 410 A 17 H A ; 13 2008 4 4 A 21
H A 18 2008 4 6 H 27 H £ ; 1812 2008 4 8
H 1 H £ ; 18 2008 4 8 A 28 H £ ; 14 2008 4 9
H22 H fEME; 19 2009 4 7 H 30 H A4 ; 18 2009 4
7H 9 H {E#BE; 18 2009 48 H 26 H i ; 1412 2009
o H24H ;18200945 A 13 H B 1519
2009 4F 4 A 27 H 1k ; 28 2009 4E 9 A 10 H 1k ; 18
2009 4E 10 H 15 H £ ; 18 2012 4E 5 H 27 H H |
192012410 A5 H M E; 182012410 A 7H H L
1319 2012 4 10 H 25 H (il ; 19 2012 4 10 H 29 H
A ;2819 2012 4F 11 A 28 H 1k

ARk g% EY Damora sagana (Doubleday) #x#k
P, v A =8 EDR
181991 5 H 16 H 5192012410 47 H HFE

2 RUk 39U EY drgynnis paphia (Linnaeus) #RAAPE
RY TR EDR

lex 1991 4E 6 H 4 H L (H%); lex 1991 4£ 9 H 25
HHE(H%) 131993 49 H 24 H HE ;18 2002 4
5H 28 H TN ;19 2008 4F 9 A 22 H ki ; 18 2008 4
10 6 H k192012410 4 7H H F

O 3 A Neptis sappho (Pallas)  #FRME , FTIEARE |, EI2
131991 4 5 A 11 H H ;18 1997 4F 10 A 10 H R ;
19 2008 4£ 9 H 22 H 1/ ; 18 2008 4 10 H 6 H /% ;
232009 4E 7 A 9 H 1 ; 19 2009 4F 8 A 26 H 11k ;
132009 4 8 H 11 H £ ; 12 2009 4 6 A 24 H ik ;
13 2009 4 4 A 27 H £ ; 182012 45 H27 H H I
182012410 H 5 0 H E

KR 2 A Y Neptis pryeri Butler  BLJRE, IER! | £
181991 4E5 H 18 H H E ;13 199145 H 26 H H I ;
1829 1991 % 6 H 16 H H E; 28 1994 45 H 17 H H
;18 1999 455 A 31 H mifE; 12 2008 -6 H 6 H 1k
;18 2008 8 A 1 H £k ; 18 2008 4 8 A 18 H &
B ;28 2009 48 A 11 H E#E; 18 2009 425 H 29 H
e s 18 20129 5 H 26 H H F ;38201245 H27H
H

A F €2V F a3V Ladoga camilla (Linnaeus)
ORY TR EDR
13 2009 4 7 H 23 H ki

RRMIE

b4 R F a7 Nymphalis xanthomelas (Esper) £
Al ARE , EI2
1219915 H26 H ;121991 4F 6 A4 H H L

7 1 R T IN Vanessa indica (Herbst) ELJREME | FTmAE ,
ED2

142008 4E 8 H 1 H £ ; 18 2008 4 10 H 16 H 1% ;
19 2009 4£ 10 A 31 H £ ; 19 2009 4 11 A 26 0
;13 2012 45 3 A 15 H ek

Y A7 53 XTI\ Vanessa cardui (Linnaeus) | i)
Bl EDR

lex 1991 £ 6 H4H HE (H%E); 12 2008 4 11 A 26
H ERE; 12 2012425 H 25 H JF |

F % 7 /N Polygonia c-aureum (Linnaeus) HLJETE , HHHE
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mOEDR
13 2008 4 10 H 28 H £ ; 18 2009 4 8 H 11 H 1k ;
142009 4F 10 A 31 H £ ; 19 201245 H 26 H H L

JV U R TN Kaniska canace (Linnaeus) ML, <L —
wOEDR

134 2008 4F 8 H 27 H 11 ; 14 2008 4= 8 H 28 H k% ;
192009 44 H 8 H £k ; 18 20124 4 H 2 H (L ;
1820125 H27 H F k182012410 H7 H A |k

d< X5 F a7 Hestina japonica (C. & R. Felder) #x#k
M, R ED

142001 4 8 H 20 H /TN ; 13 2008 4E 9 A 22 H ik ;
lex 2009 4 9 10 H £ ( HE)

A I F a > Cyrestis thyodamas Doyére ML, <
L—51ER

283199145 H 18 H JFE ;181991 46 A 16 H H E ;
191991 4FE9 H26 H HF E ;18199445 H 12 H HF L
13 2000 4 6 J 28 H 7T ; 14 2008 4 10 1 6 H 71k ;
1342009 410 A 15 H £ 5 19 2012 43 H 22 H fA

A 2 F K ¥ Dichorragia nesimachus (Doyére) FRAME
~L—% ER

142012 4 8 H 27 H £

LAY T F 3Ty /R Ypthima argus Butler  #RMTE
A —1 ED

1312 1991 4E s B 11 H H F; 18 2008 4E4 H4 H
A5 192008 4E 4 H 21 H AV A ; 14 2008 42 6 H 21 H
el ; 43 2008 427 H 10 H #3A ; 19 2008 458 H 1 H
LT 5 12 2008 45 8 A 18 H £ ; 15 2008 4 10 H 6 H
il ; 18 2009 47 H 7 H #iA; 18 2009 44 H 22 H
KA ; 18 2009 -4 H 6 H &1 ; 2822 2009 47 A 9
H ;13 2009 4 8 A 11 H £ ; 18 2009 455 A 13
H 1 ; 29 2009 4F 4 H 27 H £ ; 14 2012 4£ 5 H 25
H AL

t AT x /) A Mycalesis gotama Moore FRMME, B <5
YHEL | EI3

19 1997 4 10 A 10 H FgH ; 19 2008 4 5 A 21 H 1k ;
13 2008 4 6 A 6 H 1l ; 13 2009 4 6 A 24 H k% ;
24 2012 4E 5 H 25 H JF |

3V v/ A Mycalesis francisca (Stoll) M, =<5
Y ER

281991 5 H 11 H H B 191999 4 5 A 31 H ik ;
1319 2008 45 5 H 21 H ik ; 18 2008 46 H 6 H 1k
;14 2008 427 H 10 H #i A ; 14 2008 4£ 8 H 28 H
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iR 5 19 2009 4F 8 A 11 H {7 ; 18 2009 45 A 29 H
iRk 5 19 2009 4F 5 H 13 B 1£#E ;38 2009 424 A 27 H
ek ;192012425 H 25 0 AL

Y 117 F a7 Lethe sicelis (Hewitson) #RFRME , HAR
EI

134 2008 4 9 H 22 H 1E#% ; 19 2009 4 7 H 30 H A ;
1819 2009 429 H 29 H 1A% ; 19 2012 45 H 25 H
E1920124 10 A5 H HE

Y R FXH T AT Neope goschkevitschii (Ménétriés)
AMIE, HARRY ER

19 2008 4E9 A 1 H £ ; 13 20124E5 A 26 H .1 ;
13201245 H27H # I

73/ F 3 Melanitis phedima (Cramer) R
< L—% En3

lex 1991 E 7 H 16 H F+ L (H%); 18 1991 9 A 18
H HE ;132006 4 10 A 17 H A4 ;29 2009 4 4 H 8
H {E#E ;29 2012 4F 4 H 12 H AvA ;15 2012 4 10 A 5
HHE 28201291078 HE

21 F 3 UKl Hesperiidae

7 AN Choaspes benjaminii (Guérin-Ménéville)
MM, ~ L— ER

181994 4:5 H2 H H I

R A4 37tV Daimio tethys (Ménétriés)
rhHER | EI3

121991 5 H 11 H H E;19 1991 4£5 H 14 H | ;
19 1991 4E5 A 18 H ;19 2000 5 A5 H TN ;
19 2008 4 8 H 28 H 1£J#% ; 15 2008 4 9 H 22 H 1kik ;
142012 45 H 26 H # L

AL

F X Tvv Y Potanthus flavus (Murray)
H#I ED
13 2008 4F 8 H 28 H 11k

B,

KVt v V) Isoteinon lamprospilus C. & R. Felder #k
W, eI vRLER

lex 1996 £ 7 H 16 HE H L (HE); lex 1997 £ 7 H
10 H L ( H®); 18 2008 459 H 22 H

A FE2IYY¥ Y Parnara guttata (Bremer & Grey) ¥
i, e~ v R  EN

13 199145 A 11 H JFE; 1819 2008 4 8 H 28 H fk
%5 13 2008 4 10 H 6 H % ; 18 2008 4 10 H 16 H
e ; 19 2009 4 8 A 11 H ##E ; 1519 2009 4F 10 A
31 H kg ; 18 201245 A 26 H H E; 38 2012 4E 10
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AsHHE

F v Nkt X VY Pelopidas mathias (Fabricius) 551
PLEAHY | ED2

131991 4E 5 H 14 H HE ;29 1997 4E 10 A 27 H fgH ;
292006 4 10 H 17 H #2345 18 2008 4F 5 H 21 H ik ;
238 2008 £ 8 H 28 H /£ ; 19 2008 429 A 22 H 1k ;
19 2008 4 10 A 3 H £ ; 1812 2008 4 10 A 6 H 1k
% ; 19 2008 4 10 H 28 H 1A ; 12 2008 4 11 H 26 H
KA ; 1819 2009 £ 7 H 9 H i ; 12 2009 4 8 H 26
H AR 1920124E10 H e H HFE ;1920124810 H 7
HH L 1220124 10 H 16 H R

2. FavEEL S REMESZFOERE

WMES TSNz 55 Moo b, e, |
ATRAEERBROETEIIC A>T DDOHER T L
BEEEIWARNIOAIZ TV TY VY IRRVE 54
fZRge LT, Fa vEMEND R bE A OB
WKDOWVWTERT 5,

WO EIERIZ, s O ENRE L CEIET
5L 105T, TRIFEMRER] ICH2 T2HK.
2006 FELIRFICREER S NIz 49 fiZ W5 &3 % & 96 T,
Mkt - N Ichz% THhER LIl iz,

54 FED S B AR 37 B (69%), SRR 17
f (31%) TH o7z (Table 1) HALZIKTORMMER &
BFEMEFEOEIS I, A (1988) ICHE> 7286, # 64%

Table 1. Number (%) of forest species and grassland species of
butterflies recorded from Japan, Kochi Prefecture, Kochi City and
Shikoku Research Center.

Forest species Grassland species

Japan " 150 (63.8) 85 (36.2)
Kochi Prefecture 2 80 (71.4) 32 (28.6)
Kochi City ¥ 53 (69.7) 23 (30.3)
Shikoku Research Center 37 (68.5) 17 (31.5)

1) Tanaka (1988).
2), 3) See text. Stray species are excluded.

MATSUMOTO, T. et al.

L 36% I B, B (2007) ICEHRENTWVWDE THA
FEMERE IR Ik B e, BHENSIE 128 DOF 3
TDEEND B EEINZED, ThICERFaveER
ENB 18N TENDS, KFa v Zz2R\z 110 M,
LR mRICFEHR SN TVERVE DD EIHIA)]
M (BFE. B)IARNONT ) Tilighdbd T3 U5
F 27 H ¥V 2 Japonica saepestriata (Hewitson) ( H AR
M 2VUE S 1979) &, & SEERHIE N TH
IR LU DDH B 7t Notocrypta curvifascia (C.
& R. Felder) (%1% 2012) Zhnz 7z 112 iz @ AR O 1=
AEREEZ, HP (1988) ICHE> THET % & Amkt
Fld 80 (71%). HEMEREIZ 32 FF (29%) & 7& > Tz,
7z (1H) @A oFEil - AR LTl sRD H 2 T
B (B 9 LTIz Al REVE I & % MVEE R ik AR
TEEh oA+ F v /32X Y Polytremis pellucida
(Murray) & & X F < X5 ¥ ¥ U Ochlodes ochraceus
(Bremer) 7[R <) ZH % & AL 53 F (70%).
FRMEREIX 23 F (30%) &2 o7z HARSRMKE LT
EE L ST, P E SZ AT R R o E A KD
HiZ, BASEO T 7o i@ lER xR L O
PR HEFEREICER T 2O TENT V5728 (Inoue
2003) TH A 5o PIEZZHANCIEE M58 A7 &k
bR < EHFEMNRREND F 0 & < BRI HE D Nz
MENT &, HBHEEEO LD ZEEREHNT ED—
Hhds LRay, mARSEAT 2K KRd 5 L.
VY [ 37 T 0D S5 DS ERAAERR O 5 b B B S DM T o
e, EHIETRAKEDOI R Y IFED ML
M- TV T, MEXHIMASRE Y IIXATTYI
PiciZidsmEncwniznc e, ZOERNTHS &
EZbN5,

VU [ SZFT O FC 8RR 2 AR AR (2006) MRS U 7z BRI )
HHICHTEDTHZ L, XY TR T, AU —
BIsHE, hiERIs M, HAR I, e~ FvRsHE,
Lm0, AR R e, fTERE 6 TH -
7z (Table 2)o HARRIR (KA 2006) & tbid 5 &, Y
ESZAT TR 7RID Y ) — BN 5 2 #]5 VK
L LA IYRNEDZEENEN > Tz,
A IS @ A & P E ST & R LR L 72 AaiciE,
E XA Cld Y A Y — BRI IR (e 5 # 5 13 K<,

Table 2. Number (%) of species categorized by geographical distribution types in the butterflies occurring in Japan, Kochi Prefecture, Kochi City and

Shikoku Research Center.

Siberian Ussuri Chinese Japanese Himalayan Malayan Pan- undetermined
tropical
Japan® 49 (21.5) 39 (17.1) 40 (17.5) 19(8.3) 16 (7.0) 25 (11.0) 31(13.6) 9(3.9)
Kochi Prefecture 2 12 (10.7) 17 (15.2) 32 (28.6) 13 (11.6) 11(9.8) 13 (11.6) 7(6.3) 7(6.3)
Kochi City ¥ 9(11.8) 11 (14.5) 16 (21.1) 4(5.3) 9(11.8) 13 (17.1) 7(9.2) 7(9.2)
Shikoku Research Center 7 (13.0) 5(9.3) 8(14.8) 3(5.6) 8(14.8) 11 (20.4) 6 (11.1) 6 (11.1)
1) Matsumoto (2006).

2), 3) See text. Stray species are excluded.
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LI VRNEDBZEENEN 0T, N
Y 7 IR Z) —HNI H AR A DIZIEFERICH T2 5

BT, < L—113 Wallacea AR O BT « diEE T 27
KoL, HADIRE G238 TH 2, £leevw Iy
A, EHEFE BT VLS HARIC O/ L,
W7 V7 DEBBIC /A LEWRITH D (A 2006),
FTHRODBEMEFTIE. HAZDMMEE LT3 K5 %
Whip BT ROMEMN DR BHARZDMILR E T %
BEHPEDFESS, W7 T IS mEEREOX S RN L
WEEZEI. AR ERT R LGS,
EXFrCldr A —RIDh#ER N 5D SEERN 75D
ROVEEH I, SR (R 2k &) T i
AT ZAEM DR WP E ST TERE L TWB T
DHTHA5,

3. MEXFCRERINERTE

1990 AR I H BT o 7o R X A R & C
Bhaholklzd, HEETENEDREE LRS-
EEDLNB (FFE1998), T Dz, 2006 ~ 2012 4F
(LUF, 2000 4% 9% ) IR I NEEO LR
1990 FARHTFICEER LT W e EZE5N%, LML
HH S I 1990 FERZELBRICRALIZEEZ BN S
s>, 1990 FARICHERE T N T WV T 2000 FARUICHER X
NixholklEetdbs, £z, HRPBOL Y FTF—% -
VAN ONEHELETEENTVS, TDRD,
CCTRZENLOEHMICDONWTERT %,

1990 F A FT I IFPUE LTI ER L TWiah -
feeEZLNZHEIZ, Y7y yrierax
RIVTYIVIID2HETHB, VIV vy
F. M OTREEHRTIEREOSFIMM LR END D
PRAERLEMIZ & A LT 1990 HEARHT F Tl
B BN IS H U IR o T (RRE 1998, 1
2008), 1996 f- T AW DBHE R NMILKD AL N, &
MMNGEETHERIND XD ho Tz (A% 1998,
1999), L7zh > T, PUEZZATICIE 1990 F 1% LUK
WKRRALIEDTHA S, RO HOEHMEYIE. 7
FENTR Y IUREE0RLY EicbhbiD (2
*F-2004), PUETIE /1 73F Rosa multiflora Thunb., 7
VN A 735 R. luciae Rochebr. et Franch. ex Crép., 7
INA Y Quercus phillyreoides A.Gray 7% £ DVHI B N %
( A3 22 22 P [E 528 1979), T 5 O R 1% o [
YANCHAE LU E @RI N TV S (BH 2006, KR
1998), ¥ 7 =)LV &Y 2P E AT T R 72
DLDIFIREINTVE D, HETEESE LTS LE
ZATEWEAS, 7axXI5V TV I3d, 2008 4F
ICPUE THI & THERRE N7z () 2008, 2009). 2009
~ 2010 F I & @& /T &2 5 8 AR O TRV P T RD Bk
TN, FELEERE SN (R 2010, w@iE - 571 2010,
AR 2010, A1 E 5 2011), AFEOBEHIZY 7Y Cycas
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revoluta Thunb. T ( F17K 2006, <[ 2007), PUESZATT
BIFEMTICAEZ T3, 2009 40 MY E S CEREE X
nrfiAkix, coOVFYTHELRD, XiEZNIC
FEIETN TRk LIZE DA S,

ENOERRORFOL Y FU X M, BEBEE (2012)
KX THEINTWS, £/, GHENMDEERZ
BUIYIOL Y RTF—R Ty IHFITENTVS (&
IR Ly RTF—27 v 7 [ BV ] EZE 2 2002)
THIC, HERMBHZZIFINET3IEICHIZS TH
BERFENOFa DLy RF—2 - VA NEREITL
TE7 (KW - EH 1993, B - £ 2003, 5 - B
2009)y T TWEINEDYALFDS B, EDY X b
(BB 2012), EHIEROY A h (GHIELw RF—
27w 7 [ Y ] lREZEES 2002) BXUEAYEEO
BHTD AR (- B 2009) OV BRI N
HEELYy RF—ZELTHSCLEd %, PUEFE
AN TReE I hizTlk, vyx7o+Fa v (BB
A (2012) THREMH ), AR avEY (&
MR Ly RT7F—27 w7 [ 81 1 EZE B (2002)
THMHGEH ), VIO XTI VI (EMEL Y R
T2 7w 7 [ B wEZRE S (2002) THEHIKE
)y, R IRV (B - BEH (2009) THaE I 11 5)
BHFENS, L. TNS5DOHRTHRY I AVIF,
i 5 (1999) 1< K > CTPUEm R LM R hamadai &
EINTWEBH RIS UL COFMTH O, PUEZFTREAN
W E RS B EARRE (HEFE setoensis) & L K7 — X FHIC
S LAEVWEEZDNS, £z, EEHKEINZK
R TIE A hamadai 72RO TWIRWEGEENEZ W (H
7K 2006, K H 2007).

AR aUEVIIFICHEHOASHTET LT
Bo., ME - #EH 2009) 12id, 2ET8ENY A R
BEHINTWVS, @ARTE, 1970 F£RICERFICET
HEDHEN TV (THS 1978), AFORE & LT
FLERE N T VB Y ({2 2004) DS B, ZBF VR
X U Viola grypoceras A.Gray var. grypoceras. AL V.
mandshurica W.Becker, R A I L V. verecunda A.Gray
MPUESZFT CHER SN T WS (I 2006), 1991 £EiC
PR TH 2 BICRES NI e h 5 E, WE
HHTWNFEAEMIC R > TV A AREEIEE V. 2012 FFICd
BREINTT S EELDSMBEL TEELT

5EEbNS,

YR ITOFF a Uik, RENIGEFECHEDD T
ZLVETH S (HE 2005) 1990 F AT I3 E %
IR 5 DFIEIEZ < (T 1995), BHETE DK
WIEW S mAIRATORERLEZEDD % (I 2004), A
FOBHETH DT TV A A Chamaecrista nomame
(Siebold) H.Ohashi (ZPYESZATAENIC ZENICHAEL TV
% (W 2006), T Dz, MEANFEAEMICK >
TVW2AREMEE H 2D, REINTEKREHER T,
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REBE )N ENALNS (EHS 1982), L
oo T, M SMR LA THZaRELEEEZ
SN, FlEzE) TESEHBEMEZRRT 52080 H
%, A 2000 ERICIFEIFRTE D o7,

TIARAT VYV IE., BRIRZTREEI N TY
B, EEIT/NERIL O EHNITIERCRBICH B L TN
(173 1996b), #BHIBHFE D EEZIFRTVEEZ S
N5, WEZFHANICIEEBO AR %/ F Ligustrum
obtusifolium Siebold et Zucc. D HAE L (BH 2006), %
721990 FERICITHERBMEANRET N TWVWE T &
M, FEAEMIC K > TV IRV ARV, PUEST
D K S IR FAFE D e NI 2T WG, R
SHEMELTHEETH S, ARIE, FBAERBICKRZ
R d 5 ENREEAFETIE RV, 2000 FFRICHERE
Ntz ehs, WEZFTEHEHE LEZNh
IGEWIREETH B e EZA BN, AKX/ FDLIH
2000 FERDIBRICKIRE NI T EDNAFEOE L OE 5
KWiZA 5, ENIARE ) FERHEETE L LBIC,
J0E T O BIRMFHEIC K > T (H) R ADA e
TRHET A EERETH D,

T, TN I A RT I AANREICL Y
RF—%Z - 2P EINECLEHS (KW - £
FH 1993, B3 - £7 2003) AMEIE. &EIH (Fil, W
LR =% ) TREORNRATLIMICHEEENTY
2500, EEMAABIZEZ TVWETZHEDY X R h
SHEIN (FHRL Yy RTF—=2T w7 [ 8iYiFE | e
FET2002), E/mHiOBMESRY A TH M
5« B (2009) I BB SN TV ARV, 1990 F£RIC
EHRNICHK SN A< /) F Magnolia compressa
Maxim. THHDPERE SN (H L 1998), 2000 ERICE
WHAFRENT VDD (AW ; 2009 FHIZ) |
WES TS FEMICR> TR EEZ BN,

Y [E S AT 1990 RIS FLER & 1T 2000 RIS R BR
SNiaholzfEiE. FidovyxrdarFavbuod
REATIVIPHNIC, PITTVIVI A RV F g
U, TANELYDIFETHDB, bITTVIVIETA
NtV IF 2Tl HBHMESAT LEEL &
WA, —RICEEBIE DRV Tz, 2000 £ DA T
BRE L IR E WV, LT A3 kY D
BRTH27 77 FFRNE, MERFNICIEELE, fEKkE
EEREN TRV (KHE 1998, BH: 2006), 1994
FICRE I NIV D S DRRAAAKTH - Tz 7]
REMLH D, 2012 FFICERI O T TR ERB LT
BAIFTHYPREINTVWE T NS, PUEFFTIC
WIS BBNEEL TV R IR EY., 4 R
T F 3 VIGMEEEEH O - KL TR ERAD LT
HLENZN (HARBHYZVESE 1979), BT
EPME 1 ~ 2 HIE E TR EWH L, TD%, BEE
TIEEALEFH LAV (HH 5 1983), IHHHHN

T ARG HE S N mTREED &0,

4. SEBMESZFRCREINS MDD S 518

Sh, WEXHTHEINEZM>TFavDd
B (IH) @EdiaE o7« AL Lt TR ER D B 2 fl
K30 HEdD % ((H A 8 2 = VY [ SCEE (1979) & &
MODHEME ), ThHDH>BE, FyxXxTLk
Y Pyrgus maculatus (Bremer & Grey), Y ILET7 ¥ 3
Zizina emelina (de 1'0Orza), 7 7 F X ¥ v / A Ypthima
multistriata Butler &, @SHIBRTIEHMHLILEA BN
% (T - B 2009), £z, SXYRF v NRERY
Pelopidas jansonis (Butler) [ZYIHERT ( BITE. TR YEL
My LIS ClE, ZA T I INA T Y S Everes lacturnus
(Godart) (& IEHE KT UN T, VIF AT 3
v & ' Argyronome laodice (Pallas) & 4% - F) M LLAY T
FAE LTz &SNS Tz (HE - B 2009, N5
MESBE LA LRI N REERZFEEA LR
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FTCYHRTOBELIITEEM > METNTY
% (VTH 1991, FHH « 757K 1995), AKED B4 AT AE 7% Hh
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X 1T AT 7N Papilio maackii Ménétries, 7 Y2
Japonica lutea (Hewitson), Y /N X Callophrys ferrea
(Butler)., I A ¥ ¥ ¥ X Taraka hamada (H.Druce), 77
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Felder), A4 7 S5 F 2 XYk g UV Argyronome
Y AN F F 3 T Araschnia
burejana Bremer, 1.7 Y F Apatura metis Freyer, F
4 LT Y F Sasakia charonda (Hewitson), ¥~ X< € R
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HE7K 1983), WHEITEFEAE LCihicofm L Twv
%, B T®HBI/F Celtis sinensis Pers. 3 VYU [E SZF
IKHAEL TV S (B 2006), AFED X 52K T
HI DHEMN R & SN TW B ATt Ey, 7 ANy
OFavDBETHZLTYF7 <2 Corydalis incisa
(Thunb.) Pers. (&, PUEZFTICE HEL TW S (B
2006), i FITH CTERALEIED S O N WA D 5 (I
B - ik 1986) (ZA . /NEIRILAD S 1984 FEICEEERE N
T3 (I 1984), ANHE 3@ & Y E Tl i 75 6
UFEFICIE 0 LR & XN (B AR M 2 23 0 [ S
1979), /MNERILDOFERIZZT DO THREHITHZ L ED
N, ANSWNEBREFOFRELREMEINTYS (M -
Al 1986) FYAXTERFDOELBHETHZ AAF
Miscanthus sinensis Andersson (. PUESZATICE £ < 4
A TWS (I 2006), AR EAIRAN T, FEKIZ
KEWHEr HMOATEHBMENT Wz (HARBHY:ZM
7 5B 1979) 1989 FIC E AT / & AH 5 2 AR
FRENIH (KA - K 1989b), ZF DHZ DRI 5D
FlitiE iz E b, CThiEEHLDTHRERTHA 5.
AR PYE TSR TE (LIS > THm LT
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INR 2 VBV Tetradium glabrifolium (Champ. ex Benth.)
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M, D EBMFEDOREITTNEV S (FHIKE,
wll B, fAE) A F vy N2tV EUETIEE
WS LTI (AR 2 VU ESZE 1979).
EEREMICETLTWS (H L 2005), 75X 1980
ERZED S 1990 FRETFITH T TIrb N2 BET
DHERRBERERBEFHAED T — 2 (TR 1995) 11,
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Estimating forest biomass using allometric model in a cool-temperate

Fagus crenata forest in the Appi Highlands, Iwate, Japan

Kenji ONO ", Yukio YASUDA ", Toru MATSUO”,
Daisuke Hoshino ”, Yukihiro CHIBA ¥ and Shigeta MORI®

Abstract

To estimate forest biomass and productivity in a cool-temperate deciduous hardwood forest of the Appi
Highlands in northern Japan, we developed allometric equations for estimating relationships between size-related
variable (stem diameter at breast height (dbh)) and biomass of leaves, branches, stems, and roots for Japanese
beech (Fagus crenata) trees. This is one of the most typical species growing in the cool-temperate zones of Japan.
At the present study site, Japanese beech trees comprised 75% of all forest trees (1,666 trees ha” in 2012) and 80%
of the sum of basal areas for all species. Twelve trees of various sizes were comprehensively harvested to measure
tree biomass at the study site. Allometric equations developed for all parts of biomass as a function of dbh showed
high correlations (Adjusted R® = 0.92-0.99). Using two independent external datasets, validation results for stem
biomass estimates were quite good although those for branch, leaf, and root biomass were not as accurate because of
relatively large SEP (standard error of prediction) of branch and leaf biomass estimates for the validation dataset and
underestimation of leaf and root biomass for small-sized trees. Insufficient accuracy of those biomass estimates may
not have hindered the accurate estimation of forest biomass in the Appi Highlands because stem biomass was a main
component of forest biomass and the low accuracy estimates only involved inaccuracies in the estimates for some
of small-sized trees (dbh < 10 cm). Forest biomass in the Appi Highlands was estimated to be 343 t ha™ using the
equations developed here. This value was slightly higher than average values of Japanese beech forest in previously
published biomass data. Results of the present study will be helpful for advancing further studies on the determination

of annual changes in forest productivity and carbon dynamics in Japanese beech forests in the Appi Highlands.

Key words : dbh-based allometric equations, Fagus crenata, forest biomass, root excavation, temperate secondary forest

1. Introduction

Measuring carbon dioxide (CO,) flux using
micrometeorological techniques is a means of determining
carbon (C) dynamics in forested ecosystems (Mizoguchi et
al. 2012). Determining net ecosystem production (NEP),
gross primary production (GPP), and ecosystem respiration
(Rg) via CO, flux in forest ecosystems is an important part
of understanding C dynamics in forested ecosystems. The
Forestry and Forest Product Research Institute has formed
a research group (Forestry and Forest Product Research
Institute Flux Observation Network (FFPRI FluxNet))
which has observed CO, flux in several forest types in
Japan since 1995 (FFPRI FluxNet 2013). Since then, FFPRI
FluxNet has continuously measured CO, exchange between
vegetated surfaces and the atmosphere at six research sites
in Japan (five currently active) (FFPRI FluxNet 2013).

One of these FFPRI sites is the Appi forest meteorology
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research site (API site; FFPRI FluxNet 2013), located
in northern Japan. The API site is a secondary cool-
temperate deciduous hardwood forest mainly dominated
by Japanese beech (Fagus crenata), very typical species
in the cool-temperate region which occurs over large
areas of northeastern Japan (Kira 1977, Maruyama 1977).
The results of various studies and observations at the API
site, e.g., litter production (Hoshino, JIRCAS, personal
communication), soil respiration (Hashimoto et al. 2009,
Ishizuka et al. 2006), soil carbon dynamics (Koarashi
et al. 2009), CO, flux observation (Yasuda et al. 2012)
have already been published allowing the comparison and
validation of the results of various scientific techniques
typically used in Japanese beech forest. Forest biomass and
productivity in the API site have not yet been estimated
and should be determined using an ecological summation

method to validate and predict the future changes of C
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balances in forested ecosystems in Japan.

Therefore, we conducted destructive sampling of
several variously-sized Japanese beech trees including roots
in the Appi Highlands and estimated stem, branch, leaf, and
root biomass of each tree individually. Next, we used these
data to develop and calibrate allometric equations between
tree diameter at breast height (= 1.3 m; dbh) and individual
plant-part biomass data to accurately determine forest
biomass at the API site. Using two previously reported
forest biomass datasets (Karizumi 1990, Mori et al. 1979)
as the independent external datasets, we also validated
the allometric relationships developed here. Finally, we
estimated forest biomass at the API site and compared
the results obtained in the present study with estimates of
Japanese beech biomass previously reported (e.g., Japanese
Committee for the International Biological Program (JIBP)
project (Shidei and Kira 1977)).

2. Methods

2.1 Site description

The study was conducted to determine Japanese beech
forest biomass at the API site located in the Appi Highlands,
Iwate Prefecture (Fig. 1; 40°00°N, 140°56’E, 800-900 m
asl), which is on the eastern side of the Ohu Mountains in
northern Honshu, Japan in a very gently sloping area (ca.
5°). A four-hectare permanent research plot (200 m x 200 m)

was established to continuously measure changes of forest

130°E 135°E  140°E

1000 km

biomass and productivity. The API site matches “cool-
temperate deciduous hardwood forest” as described by Kira
(1977). The forest is mainly dominated by 70- to 80-year-
old Japanese beech (Fagus crenata) with a few stems of
deciduous hardwood species (e.g., Betula maximowicziana,
Aesculus turbinata, Magnolia obovata, Tilia japonica,
and Kalopanax pictus). This secondary forest probably
regenerated from an abandoned pasture. Evergreen dwarf
bamboo (Sasa kurilensis) and a thin layer of understory
vegetation sparsely covered the forest floor. Yasuda et al.
(2012) provided a mean annual temperature of 5.9 °C and
an annual precipitation of ca. 2,000 mm. The Andosol soil
(World Reference Base for Soil Resources; IUSS Working
Group 2006) is classified as a moderately moist brown
forest soil, Bp(d) (Forest Soil Division 1976).

2.2 Field measurement and sampling

Stem dbh (= 1.3 m) of all living trees were measured
in May, 2012 in the single four-hectare permanent plot.
Frequencies of the dbh of beech trees peaked at between
10-15 cm (mean = 16.1 cm with a maximum of ca. 109.4
cm for one of the reserved trees in the Appi Highlands) (Fig.
2). Japanese beech trees comprised 75% of all trees (1,666
trees ha” in May, 2012) and 80% of the sum of the basal
area the sum of the basal area of all trees in the plot. We
measured individual tree biomass of only Japanese beech.

Twelve Japanese beech trees ranging from 4.5 to

474 & block
474 L block

00

permanent plot

Fig. 1. Location of the study site in the present study.
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Fig. 2. Frequency distribution of trees at the Appi forest
meteorology research site. Dbh class intervals were 5 cm.

75.4 cm dbh were selected for determining individual tree
biomass near the plot (Appendix). Ten small trees (< 30
cm dbh) were harvested in September, 2000 and two large
trees (> 30 cm dbh) were also harvested in June, 2012.
Of these 12 trees, both above- and below-ground plant-
parts of eight individuals were harvested and weighed in
the field, but only above-ground parts of four other mid-
sized individuals were measured. After felling, trees were
individually divided into leaves, branches and main stems
in the field (Photo 1). Roots were excavated manually or
using a power shovel (Photo 2) and smaller roots which had
been cut in the field were carefully picked up from the soil
by hand. All roots were separated from adhering mineral
soils using brushes and crowbars as carefully as possible,
and then weighed using digital scales (DS10 (range 0.2-50
kg; Ohaus Corporation, Parsippany, NJ, USA), and FW-
100K (range 0.5-100 kg; A&D Co. Ltd, Tokyo, Japan) and
lord cells (LTZ-500KA and LTZ-2TA (ranges 5-500 and 20-
2,000 kg, respectively; Kyowa Electronic Instruments Co.,
Ltd., Tokyo, Japan) (Photo 3). Representative subsamples
(2-50 kg) were taken from each type of plant-parts for each
individual and dry/fresh mass ratios were determined after
oven-drying for 72 h or more at 70 °C to constant weight;
longer drying times (maximum = 14 d) were required for
relatively large subsamples of mostly stems and roots from
large trees. To estimate the leaf area index (LAI) at the API
site, the average weight of individual beech leaves was
estimated from the relationships between the weight and
the number of leaves using representative leaf subsamples.
Soils were removed from root samples with high-pressure
water as carefully as possible to avoid soil contamination

when estimating root biomass.
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2.3 Development and validation of allometric equations
of Japanese beech tree biomass

Size-mass allometry is generally expressed as a
power-form equation: ¥ = aX’, where X is an appropriate
size-related variable, Y is a dependent mass variable, a
is a normalization constant, and b is a scaling exponent
(Ogawa and Kira 1977). In the present study, all allometric
relationships between dbh, i.e. one of the size-related
variables and dry mass obtained were approximated by
ordinary least-squares regression to create the simplest
allometric model possible to estimate forest biomass in
the four-hectare permanent plot after the logarithmic
transformation of the parameters (X, Y). Coefficients (a, b)
were calculated by the regression for each biomass data unit
(e.g., leaves, roots, etc.). Log-transformation of tree mass
satisfied the normality assumption (Poorter et al. 2008,
Utsugi et al. 2012).

To evaluate the calibration results of allometric
relationships between dbh and each part of biomass,
regression coefficients () and standard errors of calibration
of data (SEC) between calibrated and measured values
were calculated for each part of biomass using allometric
equations.

To verify the adequacy of calibration results, the
allometric equations developed here were validated using
a previously published independent dataset (Karizumi
1990). Karizumi (1990) reported individual tree biomass
data for 42 species investigated in 126 forest stands across
the major ecoclimatic regions of Japan since 1951. In the
present study, the main target for biomass estimation was
Japanese beech. Here, biomass data from 60 Japanese beech
trees measured at Yamagata (1 stand), Niigata (3 stands),
and Gunma (2 stands) pref. (Table 3) were extracted from
Karizumi (1990). In addition, biomass data were adopted
from Mori et al. (1979) in the present study, although root
biomass data from 31 beech trees in their study located
in the northeastern district in Japan were excluded. To
evaluate the allometric relationships developed in the
present study, the biomass of each part of the biomass data
collected from different sections of trees were predicted
using two independent dataset of Karizumi (1990) and
Mori et al. (1979) and r, standard errors of calibration
(SEC), standard errors of prediction (SEP), and the ratio of
standard deviation of the prediction reference dataset to the
SEP (RPD: an indicator of the usefulness of the calibration
results (Williams 1996)) was calculated for each part of
biomass.

SEC was expressed using equation (1):
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Removing the soil from the stump.

Dividing small roots into several boxes after collection.

Photo 2. Root excavation using a power shovel and carefully picking up of small roots by hand which were left behind in the field.

|Bu11etin of FFPRI, Vol.12, No.3, 2013
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Weighing main stems.

Weighing root stumps.

Photo 3. Weight of all parts of a felled tree using a lord cell in the field. After weighing, representative subsamples
were taken back to the laboratory and dry/fresh mass ratios were determined after over-drying at 70 °C.

where y is the measured value and y is the calibrated RPD = (standard deviation of independent external dataset) | SEP. (4)
value of sample i, and 7 is the total number of samples. For
external predictions, the bias was determined as follows: 2.4 Comparison of Japanese beech tree biomass
estimation at the API site with previous studies
bias = H Yoivi=9) ) Allometric equations were developed to estimate the
biomass of Japanese beech trees at the API site. Then these
SEP was corrected for bias using equation (3): forest biomass estimates were compared with previously
reported biomass data such as data from the research project
SEP = \/% Yo i —9:i—bias)? , (3) established by the Japanese Committee for the International
Biological Program (JIBP) (Shidei and Kira 1977).

and RPD was also described as:
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.3. Results
3.1 Allometric equation development

The allometric equations developed for estimation of
biomass of stems, branches, leaves, and roots of beech trees
at the API site were strongly positively correlated with dbh
(Adjusted R* = 0.92 to 0.99; Table 1, Fig. 3). Calibration
results using the allometric equations developed for each
part of biomass of Japanese beech trees agreed very
closely with measured biomass values (Fig. 4). Regression
coefficients () showed high values ranging from 0.97 to
1.00 and SEC was less than 10% of data ranges for all parts
of biomass except for leaf biomass (Fig. 4, Appendix).
Thus, the allometric equations developed in the present
study showed a close fit as well (Fig. 4).

Figure 5 shows the validation results using the external
independent datasets of Karizumi (1990) and Mori et al.
(1979). The values determined by destructive measurement
showed a close correlation with those predicted by the
allometric equation developed in the present study for
stem (n = 91, » = 0.97), branch (n = 91, » = 0.94), and root
(n = 60, r = 0.94) biomass, respectively. However, the
regression coefficient for leaf biomass, which is a very
small proportion of an entire tree, was not as high, » = 0.73,
because the SEP for leaf biomass was relatively large when
compared to other parts of biomass. Also, for prediction
results of leaf and root biomass, their biomass for some
of small-sized trees (dbh < 10 cm) were underestimated
although those for middle- and large-sized trees were
estimated quite well (Fig. 5). Moreover, RPD values for
branch and leaf biomass were low, below 2.0 (Fig. 5).
Inversely, those for stem and root biomass were high, 3.4
and 2.6, respectively (Fig. 5).

Meanwhile, the prediction data for individual parts of
Japanese beech tree were close to the 1:1 line except for
leaf and root biomass for some of small-sized trees (dbh <
10). Thus, the allometric equations developed in the present

study showed relatively good prediction results (Fig. 5).

3.2 Biomass and biomass allocation in Japanese
beech forests at the Appi Highlands

Table 2 summarizes estimates of above- and below-
ground biomass in a Japanese beech forest at the API
site in May, 2012. The estimates of respective parts of
beech tree biomass were 184, 31, 3, and 52 t ha™ for
stems, branches, leaves, and roots, respectively. Total
above-ground biomass (TAGB) was estimated to be 217
t ha” and the ratio of TAGB to root biomass (T/R) was
4.2. At the API site, 25% of the trees and 20% of the
sum of the stand basal areas were not Japanese beech
trees. By assuming that all trees in the stand except for
Japanese beech have the same allometric relationships
as those of the same-sized Japanese beech trees, the
biomass of the API site was estimated to be 343 t ha™
(Table 2). Therefore, 27% of forest biomass at the API
site was attributed to tree biomass of species other than
Japanese beech. Since the average dry weight of a single
leaf was estimated to be 0.174 &= 0.009 g in 2012,

gravimetry could be used to calculate that there were

Table 2. Estimates of respective parts of tree biomass,
total above-ground biomass (TAGB), total
biomass (TB), and T/R at the Appi forest
meteorology research site.

Beechtree  Alltree”
Stem  (tha) 183.9 233.8
Branch (tha™) 30.5 39.2
Leaf  (tha™) 2.8 3.5
Root  (tha™) 523 66.9
TAGB (tha™) 217.1 276.5
TB  (tha) 269.4 343.4
T/R 4.2 4.1

*taking tree biomass of other tree species
aside from Japanese beech into
consideration.

Table 1. Coefficients and other allometric statistics (Y =a X Xb) used for estimating respective parts
of biomass. X, an appropriate size-related variable; Dbh, means stem diameter at breast height

(=13 m).
Variables Coefficients n  Adjusted R’
Y (kg per tree) X (cm) a b
Stem Dbh 0.0946 244 12 0.99
Branch Dbh 0.0049 278 12 0.96
Leaf Dbh 0.0010 256 12 0.92
Root Dbh 0.0147 2.62 8 0.99

Bulletin of FFPRI, Vol.12, No.3, 2013



132 ONO, K. et al.

1000

Stem (kg)
3

10

Dbh (cm)

100

10

Leaf (kg)

0.1

0.01

Branch (kg)

100

Root (kg)

1 10
Dbh (cm)

100

1000

100

10

013 10

Dbh (cm)

100

—
Q.
N

1000

100

10

1 10
Dbh (cm)

100

Fig. 3. Allometric relationships between dbh and dry mass of above- and below-ground biomass of Japanese beech
trees at the Appi forest meteorology research site. Solid lines were drawn by least-square regression.

ca. 0.4 million of leaves in a measured tree with large dbh
(= 75.4 cm), which is a reserved size tree, and that there
were approximately 20 million of leaves in one-hectare
of Japanese beech forest at the API site. In our previous
study, Yasuda et al. (2012) reported that the specific leaf
area (SLA) in the API site was 0.0154 m” g'. Based on this
value, the mean area of a single leaf and LAI at the API
site were estimated at 0.00268 m” per leaf and 5.45 m’ m~,

respectively.

4. Discussion

4.1 Accuracy of allometric relationships

Currently, the characterization of allometric
relationships between individual parts of biomass including
roots and size-related variables (dbh and height) has
been widely accepted and applied by numerous previous
studies for estimating forest biomass (i.e., Karizumi
1974, Shidei and Kira 1977). The accuracy of forest
biomass estimates depends on the variation and quality

of data used for developing allometric equations because
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Fig. 4. Calibrated values versus measured values for each part of biomass of Japanese beech trees. Solid lines
are the 1:1 line, having a slope of 1. r: regression coefficients; SEC: standard errors of calibration.

allometric relationships between tree biomass and size-
related variables shows specific tendencies under different
environmental conditions (i.e., tree species, climate
zone) (Kira and Shidei 1967, Research Group on Forest
Productivity of the Four Universities 1960). In the present
study, sample trees used for making allometric equation for
estimating each part of biomass of Japanese beech ranged
from small- to large-sized trees typical of the forest at
the API site (Fig. 2 and Appendix). In addition, dbh was
adopted as an appreciable size-related variable to make the
simplest allometric equation used to estimate forest biomass
in a four-hectare plot (Fig. 3). As a result of allometric
equation development for estimating tree biomass, linear

relationships and high regression coefficients (r) were
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obtained between calibrated and measured values (Fig.
4). Moreover, RPD values, an indicator of the usefulness
of the calibration results, were calculated for validating
the accuracy of these allometric equations. According to
Williams (1996), an RPD value of 2.5-3.0 is regarded as
adequate for rough prediction. Validation results for stem
and root biomass estimates using independent external
datasets (n = 91 and 60, respectively) reported by Karizumi
(1990) and Mori et al. (1979) were also good: » = 0.97
and 0.94, and RPD = 3.4 and 2.6, respectively (Fig. 5).
However, validation results for branch and leaf biomass
estimates showed that these estimates were not as accurate
(RPD = 2.0 and 1.4, respectively) because of relatively

larger SEP of branch and leaf estimates for the validation
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Fig. 5. Predicted values versus measured values of external independent data for each part of biomass of Japanese
beech trees. Solid lines are the 1:1 line, having a slope of 1. r: regression coefficients; SEP: standard errors of
prediction; RPD: ratio of standard deviation of prediction dataset to SEP.

dataset when compared with stem and root biomass
estimates (Fig. 5). In addition, site-specific characteristics
(i.e., soil condition, forest structure, tree density, age,
climate, etc.) may influence the allometric relationships
between size-related variables (e.g., dbh) and each part
of biomass except for stem (Research Group on Forest
Productivity of Four Universities and Shinshu University
1966, Saito et al. 1968). Therefore, leaf and root biomass
for some of small-sized trees were underestimated although
those for middle- and large-sized trees were reasonable
estimates (Fig. 5). However, insufficient accuracy of
biomass estimates might be insignificant and relatively

unaffected when estimating the total forest biomass at the

API site because stem biomass was a main component of
forest biomass and biomass underestimation occurred only
for other plant-parts and only for some of small-sized trees
(dbh < 10 cm).

4.2 Forest biomass of Japanese beech

In the present study, nine reports covering a total of
39 forest stands were selected regarding the study of forest
biomass of Japanese beech (Table 3). They were based
on destructive measurements of each part of biomass of
individual trees. Some reports did not provide (or did not
determine) some parts of biomass data (e.g., root biomass).

Most of these studies were conducted as part of a research

TR SIS 595 12 % 3 5, 2013]



Estimating forest biomass using allometric model in a cool-temperate 135
Fagus crenata forest in the Appi Highlands, Iwate, Japan

project established by the Japanese Committee for the
International Biological Program (JIBP) in 1960s-1970s,
which focused on biological productivity and ecological
processes in the forest ecosystems in Japan (e.g., Shidei and
Kira 1977). All these studies applied allometric equations
for estimating forest biomass using the relationships
between tree biomass and tree size-related variables (dbh,
diameter at the stem base (d,), and tree height) (Kira and
Shidei 1967).

Forest biomass of Japanese beech forests greatly
varied among the forest stands, ranging from 35 to 441
t ha™' because the study sites have a variety of microsite
conditions (elevation, slope direction, age, density, growth
stage, forest type, tree size, etc.) (Table 3). The relationships
between tree age, tree size (tree height, BA) and forest
biomass were not clear. However, stands with small
amount of biomass (e.g., Gunma F2, Mie P1) tended to be
relatively young forest with small tree sizes, while most of
the stands with a large biomass exceeding 300 t ha" were
mature and older-aged forests, which probably negated the
effects of tree size or tree density because they reflected the
influences of past and more extensive forest management.
The forest biomass at the API site was estimated to be 343
t ha”', which is slightly higher than average values from
other studies (Tables 2 and 3). Furthermore, the amount
of biomass allocated to each part of the tree varied among
the stands (Table 3). As a result, the ratio of TAGB to root
biomass (T/R) ranged widely from 2.4 to 6.7 (Table 3), and
was probably affected by each stand” s growth stages and

site conditions.

5. Conclusion

We developed accurate allometric relationships for
estimating whole tree biomass of Japanese beech in the
Appi Highlands. Using two independent external datasets,
validation results for stem, branch, and root biomass
estimates were quite good although those for leaf biomass
were not very accurate estimates because of the relatively
large SEP of branch and leaf biomass for the validation
dataset and underestimation of leaf and root biomass for
small-sized trees. Low accuracy of their biomass estimates
may have not hindered the estimation of forest biomass at
the API site. This occurred because stem biomass was the
main component of forest biomass and insufficient accuracy
for estimates of other parts of biomass were caused only by
data from some small-sized trees (dbh < 10 cm). The forest
biomass in the API site was estimated to be 343 t ha"' using
the developed allometric equations. This value was slightly

higher than average values of Japanese beech forest that
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had already been estimated in previous studies. The results
of the present study will be helpful for advancing further
studies on the determination and clarification of NEP and
the cross-validation of the results of GPP estimation and
carbon flux observation in Japanese beech forests, which
is one of the most typical species in the cool-temperate

regions of northeastern Japan.
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Table 3. Biomass of Japanese beech forests.

Ave.
Prefecture Lat. Long.  Elev. Subsites F;;;Zt Age Density Tree ]iizl
Height

(m) () (treesha’) (M)  (m’ha’)

Iwate 40°00N  140°56'E 825 API  Natural 80 1,666 13.9 44.4
Yamagata 38°36'N  140°11'E -- F3  Natural 40 1,246 16.1 25.1
Niigata 37°30'N  139°00'E 400 P3  Planted 35 5,233 10.0 40.6
470 P4  Planted 41 2,186 13.6 38.8

580 P6  Planted >50 2,829 13.9 39.9

Niigata 37°0I'N  138°37'E -- F4  Planted 35 1,154 11.5 45.6
-- F5  Planted 37 2,184 12.6 34.8

-- F6  Planted 37 2,829 16.1 46.3

Niigata 36°51'N  138°41'E 550 P1  Natural to 100 375 18.8 24.9
700 P2 Natural to 100 327 15.6 24.5

700 P3  Natural to 100 235 24.6 32.7

900 P4  Natural  to 100 680 11.2 22.7

1100 P5 Natural to 100 1,050 7.3 21.9
1300 P6  Natural  to 100 875 8.3 14.4

1500 P7  Natural  to 100 590 9.6 17.7
1500 P8 Natural to 100 357 12.6 21.4

Niigata 36°5I'N  138°41'E 650 650-1  Natural  to 100 367 24.6 433
650 650-2  Natural  to 100 289 23.6 41.3

700 700-1  Natural  to 100 321 25.3 44.0

700 700-2  Natural  to 100 470 18.7 39.2

700 700-3  Natural  to 100 356 223 46.9

700 700-4  Natural  to 100 400 23.0 39.1
900 900-1 Natural  to 100 1,016 8.7 40.4

1300  1300-1  Natural  to 100 959 11.3 38.5

1500  1500-1  Natural  to 100 639 11.5 37.5

1500  1500-2  Natural  to 100 422 13.2 335
1500  1500-3  Natural  to 100 820 10.6 34.7

Gunma 36°46'N  138°58'E -- F2  Natural 40 975 7.6 4.5
36°52'N  139°05'E -- F1  Natural 125 611 21.0 31.0
Tochigi 36°47N  139°56'E 940 --  Natural mature 868 11.2 29.7
940 --  Natural mature 844 11.5 30.9
Kyoto 35°20'N  135°45'E 680 -~ Natural ca. 150 785 14.3 30.7
Kyoto 35°18'N  135°43'E 725 N-1  Natural -- 2,737 7.9 19.9
35°18'N  135°43'E 725 N-7  Natural -- 3,808 6.0 25.6
Kyoto 35°18'N  135°43'E  680-720 Natural ca. 100 1,572 -- 31.7
Mie 34°41'N  136°16'E 670 P1  Natural 12 63,258 3.4 25.1
34°41'N  136°160'E 670 P2 Natural 45 19,893 6.5 34.1

34°41'N  136°160'E 675 P3  Natural 75 19,279 8.8 43.5

34°41'N  136°16'E 675 P4  Natural 100 3,540 11.4 44.1

34°41'N  136°16'E 650 P5 Natural mature 11,063 15.0 54.8

Ave. -- -- -- - -- -- -- 13.7 335
SD -- -- -- - - -- - 5.7 10.4
Min. -- -- -- - -- -- -- 3.4 4.5
Max. -- -- -- -- -- -- -- 24.6 54.8
Range -- -- -- -- -- -- - 213 50.3
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Biomass of respective tree parts

Forest Biomass
biomass  Stem Branch Leaf TAGB Root T/R estimation Reference
method
(tha'y (tha') (tha') (tha') (tha') (tha™)
343.4 2338 39.2 3.5 2765 66.9 4.1 allometry the present study
252.0 162.7 37.4 3.6 2037 48.3 4.2 allometry Karizumi (1990, 2010)
258.4  168.0 31.4 48 2042 542 3.8 allometry Tadakietal (1969)
2729  166.5 43.5 47 2147 582 3.7
296.5  202.2 39.5 49  246.6 499 49
372.6 2333 58.2 7.1 298.6 74.0 4.0 allometry Karizumi (1990, 2010)
289.3 1719 53.2 51 2302 59.1 39
441.0 292.6 60.2 7.3 360.1 80.9 45
3323 2272 45.9 24 2755 56.8 4.9 allometry Kakubari(1977)
370.5  250.6 54.0 24 3070 63.5 438
4154  281.6 60.0 2.7 3443 71.1 48
417.7 2439 99.8 3.8 3475 70.2 5.0
364.8 2139 86.1 3.6 303.6 612 50
241.6  161.0 42.2 24 2056 36.0 5.7
183.3 1183 31.0 1.8  151.1 322 4.7
208.1  133.9 35.6 1.9 1714 36.7 4.7
3342 2751 56.1 3.0 3342 -- -- allometry Maruyama (1977)
349.2 2877 58.6 29 3492 - --
361.6  299.7 58.9 3.0  361.6 - --
313.8  256.9 54.4 2.5 3138 - --
3652  301.1 60.9 32 3652 -- --
311.6  258.0 50.9 2.7  311.6 -- --
256.4  181.0 72.2 32 2564 -- --
2458  192.3 50.4 3.1 2458 -- --
207.1  161.6 43.0 2.5 2071 -- --
1529 119.4 31.6 1.9 1529 -- -
214.0 167.0 443 2.7 2140 -- -
353 18.1 5.9 1.0 25.0 10.3 2.4 allometry Karizumi (1990, 2010)
3043 2372 26.0 1.7 264.9 394 6.7
233.1  156.1 77.0 -- 2331 -- -- allometry Kawahara et al. (1979)
2472 163.0 81.2 32472 -- -
357.0 1943 95.1 32924 64.6 4.5 allometry Ogino (1977)
79.1 56.0 19.9 32 79.1 -- -- allometry Katagiri and Tsutsumi
78.5 56.5 18.7 33 78.5 -- - (1975)
195.8 -- -- - 156.2 39.6 3.9 allometry Tateno & Takeda (2004)
39.6 23.5 6.2 2.3 32.0 7.6 4.2 allometry Kawaguchiand Yoda
90.1 55.5 14.7 1.9 72.2 179 4.0 (1986, 1989)
156.2 96.8 25.7 24 1249 31.3 4.0
226.6  141.2 37.5 24 181.0 456 4.0
321.8  201.0 53.3 2.6 2569 649 4.0
263.4  183.6 47.7 3.1 2324 49.6 4.4
104.2 76.8 22.1 1.3 92.7 19.7 0.8
353 18.1 5.9 1.0 25.0 76 24
441.0  301.1 99.8 7.1 3652 80.9 6.7
405.7  283.0 93.9 6.1  340.2 73.3 43
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Appendix. All data sets for dry weight (kg) of plant parts biomass, total above-ground biomass (TAGB),
total biomass (TB), diameter at breast height (dbh), tree height (H), and bole height (HB).

Dbh H HB Stem Branch Leaf TAGB Root TB

PR em ) m k) ke G e G (e

F1 17.3 174 9.7 130.5 17.6 2.6 150.7 - -
F2 80 11.1 7.2 13.9 0.6 0.1 14.6 3.3 17.9
F3 19.1 18.7 134 159.0 34.1 2.7 195.8 37.3 233.0
F4 7.3 10.0 7.0 12.4 1.9 0.2 14.5 3.6 18.0
F5 6.2 7.8 4.2 8.2 0.6 0.1 8.8 2.1 10.9
F6 4.5 53 2.0 3.9 0.5 0.1 4.5 0.7 5.2
F7 284 18.3 10.7 307.9 29.0 2.9 339.7 - -
F8 21.0 18.6 8.6 220.3 39.0 1.6 260.8 - -
F9 13.3 12.2 64 45.1 5.8 0.2 51.1 - -
F10 124 123 7.6 30.0 5.2 0.4 35.6 7.1 42.7

F11 559 182 5.1 13946 409.0 54.6 1858.2  533.7 23919
F12 754 23.8 5.4 3816.9 680.0 69.5 4566.3 1328.4 5894.7

Ave. 224 145 73 5119 1019 1.3 625.1 2395 1076.8
SD 21.8 55 3.1 11102 2151 24.0 1343.8 4769 2112.9
Range 709 185 11.4 3813.0 679.5 69.4 4561.8 1327.7 5889.6
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Strength properties of kuri (Japanese chestnut, Castanea crenata) timber
- Bending strength, compressive strength parallel to the grain,
tensile strength parallel to the grain, shear strength parallel to the grain,
and compressive strength perpendicular to the grain -

Hirofumi IDO ", Sachiko MIURA ?, Hirofumi NAGAO " and Hideo KATO "

Abstract

Kuri (Japanese chestnut, Castanea crenata) timber is commonly used for the sills of wooden houses. The existing
referenced strength for non-graded timber as determined by the Construction Ministry was based on test results on small
clear specimens. Little strength data exists on timber-sized specimens of hardwood, including kuri, and the validity of existing
referenced strength values, the effects of defects on strength properties, and the relation between characteristic strength values
of bending, compression parallel to the grain, and tension parallel to the grain have yet to be clarified. To clarify these matters,
bending, compression, tension and shear parallel to the grain, and compression perpendicular to the grain were tested using
kuri. The results of these strength tests revealed that the characteristic strength values of bending, compression and shear
parallel to the grain, and compression perpendicular to the grain all exceeded or matched the referenced strength, while that of
tension parallel to the grain fell below the referenced strength. The strength of the timber specimens was also graded visually
relative to bending and tensile strength parallel to the grain, revealing that higher-grade timber tended to have higher average
strength, and that such visual strength grading was effective for hardwood timber. The ratios of strength characteristic values
of bending, compression, and tension parallel to the grain were 1, 0.89, and 0.48, respectively, thus differing from the same
ratios for softwood (at 1, 0.8, and 0.6) as calculated from sugi (Japanese cedar) timber. However, the moisture content of the
tensile specimens used to test testing strength parallel to the grain was less than that under the air-dried condition, hence the
need to verify whether these results were appropriate after understanding the relation between moisture content and tensile
strength parallel to the grain for hardwood timber, including kuri.

Key words :  kuri, Japanese chestnut, bending strength, compressive strength parallel to the grain, tensile strength parallel to
the grain, shear strength parallel to the grain, compressive strength perpendicular to the grain
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tensile strength parallel to the grain, shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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D | BRIV — T DORERIA D EREUT % Fig. 2 1SR T,
Thbb, BalBAOIRREE, #5158 D BRI DOV
T ST A 106mm X 106mm T &2 IRAEICE L
TEHI, i - HeIEkE - B AW - & D IARFERAKIC
DUV T W ~F A 105mm X 105mm CEAZIRBET
Hoiz,

2.2 BRI

Zm g at B 1E 1SO 13910 (ISO 2005) B &K U THEE H
R OFRERER~ = 2 7))V ( HAEE - K>
Z—2011) ICHE L TIT o Tz,

MEh(F - HEEHE - BAM - OYRAAHHEER] JI)L—T (BETE : $9105mm x 105mm)

(LU Tz 354K - 15 E250K - REAR25(K, BFT85(K)

HAMRBRAK (B £150mm)

HYAHRERK (KE:630mm)

AN /
2 NOi] 4 | ¥ [ 2 |
/ /
B ITERERIA (R &:2100mm) it EMEEERA (K&:630mm) =)
4000mm
[#E515RY | RERVIL—T (BrE~Ti% : $9106mm x 106mm)
(LLUFZ 354K - {5 E250K - BEAR25(K, &ET85(F)
F a5 8L WE1ER U SERIK (& &:4000mm. F v v & REIEEEE: 2120mm) AN
£ &:940mm £ &:940mm

Fig. 2. &alBRIKDERIT %
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2.2.1 IR

HhFRRBRIC NI B, MEAMICBW T, T-EMOHA
FEARERAS ) D H AR SE 5] DX 00 4 56 FH SR B R A S A 1T
HE U CHMSERX D 2T Tz e Uz I H & [ L.
EhEiE, W, Blh, BHEER TH 5, M
BOWPEITIE, MHEERERS (Metriguard 8, Model
511) ZZ Wz, ST O R H Y8 & ff 25 5 oD kit A
BzRE L, e KEWEZ Z O SR DR HE R &
LTz Fie. BHRENEIC K 2V v FREEIE L,
hiFaBid, MESMZME 0D 6 £5 (630mm) . X
SR EE B2 A D 18 £ (1890mm) & U7z 3 4T 4
BEETXNTIT o Tee ARBREMD 10t (#J 98kN) DFf
B (2 2T HRASHEE, TCM-10000) 1< K D
#m L/ze 7 ANy REEIX 10mm/min & L7z, &R
SRR D P IS ZE LT (SRR ER I ZE AT, CDP-
100) Z % E LBk D 27z bBHZWET % & & B,
BRI D FEM TR ST EIC 20 EE (R s 2R BT S AR
H CDP-10) ZH D 1> 7= BB B (X782 401mm)
R, WMESMICBT 2P bR ERE L, &
BT, 2bHh 5RO IERNTOMMFY > 7k
B, RSSO DA 5RO IZED T Y > TIHREL
U FE IR S S 7 3 & O ss s 2 5l Uz, iRtk
B EEER VT B2 5 B & Y9 20mm O F /KR HE F Al B4
ZUODH U, &L TEKRREZIEL 2,

2.2.2 Mt AR ER

MEFEAR AR IC N B MERENEIC K BV > T 1RE
ERE U, MEEMRBREIMEZAROED LD 6
fi5 (630mm) & U 7z F#E HEfi sl Bk T11 o 720 K
51 DY 3000kN 0D [ i Ak B (i )1 5t 5 b S
A-300-B4) VT, fEL VY% 600kN IR E LT
AL, RAMEICET % E TORMBR S DIk 3
KO EREZFAE L /-, BAOETAMICBY
ZHXT % 2 Mmoo gRERIC, A A2 150mm
& UTey 2t (CRETRIRIIZEATS, CDP-10) ZHU D
NI B EERE L THiAaZHIE LT, 2 MmO
DM 7 i BRiA DA & Ul ilBRIR 7. ML
Y T AREL HEHE R LA R S ) 3 K O HRE A A R
B Uz, Bt BHEERIAE D 5 E S D) 20mm O
GARRAEHRBAZY O H U, @ik TakRz
E LTz,

2.23 #5315k Y AR

ftn 19k 0 ABRIC e B, TRIM O HARMEIIG ] OH
MWDK o0 4 5 P A RS IS 1L ICHE T DA
RN e F vy ZIIC BT 5 HHERK D 217
Teo WIE UT2BHEE. M RABRAK & FIBR. it &
REIRR L. ALE. BN, TR T H 5. MR O
FEC G, MRHEERHAE 28 (Metriguard 34, Model 511)
ZHWT, SO RIS E T v 7 [ b 68 o fk

HEMER 2 JE U, b KE WA % Z O BR K O Mk
e Ul £l BURBNREIC X2 Y > 7 HREzE L
7zo

WeolaE 0 AR BRI F v v 7 B EE & £ 0 20 5
(2120mm) . FRIOF ¥ v 7EP?DEETZ 940mm & L
Tzo BRBRMEIC T IR BN 2000kN DRI 53R O 3 Bk
BRI BR RSB ERTEL, HZS-200-LB4) & Wiz, i
BADEZTHMICH T B39 % 2 Mo REic,
P R EEEE 2 1000mm & Uz, Ziah (S aiill geros
Fi#, CDP-10) ZH O I iR L ERE L THU ZH
ELUTee 2 M DOMT DO E7Z R ERADHT & Ui,
FBRAR T, HESIIR D Y TRER. M5 [HE O LRI IR B
IS BEOHESIRE D MREAEEH U, ikERtg. s
WEEH B £ & A 20mm O F KR E Ak B4 7% 8 0
U, 2L TEKREZRE L,

2.2.4 2 AW ER

VAW RBIZRERKOTRE AR AR (HES 2004)
KX D 1T o oo HEdMICIZ, #INn, HI%, &AW
BRICH LT REETZD I BEDNEEL Tzl d,
Fig. 2 IT/R L& S, 1 KOMHEMM ST Y K<Y v F
T AW Z Bl 5 10 2 HODIS 90° [AIEE T 2 (R D
R IAZ FREL U 720 Y] D REFBD O RN O ERA E
X 150mm, YO REHDDOE S 45mm, A WHE
FHIE 105mm X 105mm & U7z, i AW o Rk IC D
WT, BRI ARG R Z R KA D 3000kN
D - fie aA BR A (A ) BB B E T, A-300-B4) IC &R
L THAMBRBZIT > Tz, MEL > Y% 150kN I
FELTHM L, BAMEICEST S ETORBDH S
IC75 5 XD ICEEEZ P LIz, HABERE., W
WrimZzZ @iz L, #ln., i, KREOZEN N WO
ik 2 DM O AW R R & U, bRk,
/AW 2 Z L7 5 B E D 20mm O F/KHRHE
MaBikzy o L, 2L TEKEZRNE LU,

2.2.5 &Y iAFHEHER

B D IAF R E T HDWiH D 6 £5 (630mm) D ik Bk
wicxt U, £ & 90mm O 8 faf & 7 11w 7 % Gl B ik
Yo ERICERET 5 EFmEARTITo 7z &K
AR DY 3000kN O A Ak SR A (A1 B R R R P L
A-300-B4) VT, L > Y% 300kN ICRT L T
L, RAMEICET 2 E TORMASHN S5 5ICK3
Ko EME L 2, idBADOE X o
S ES A I Wi [ S 2 AP IC ZE LT (B0 AR IE ST A L
CDP-50) Z&iE L. 7O ANy ROBHRZNE Lz,
WZAN GO FEEZ D DARERERE Uz sl T
%, D OARLBIREISTT. D DAHRE, DDA
BRRAREE, & DARMMERFE I Uz, BHEILED, S
EENH 20mm O F/KEHEHABRAKZTI O H L, 2
LT EIRRERE LTz,

BMKR AT 5512 %3 5, 2013]



Strength properties of kuri (Japanese chestnut, Castanea crenata) timber - Bending strength, compressive strength parallel to the grain, 147
tensile strength parallel to the grain, shear strength parallel to the grain, and compressive strength perpendicular to the grain -

LA L B
3.1 g5 ER

Hh I FRER DS A Table 2 127”9 # U 5R E RFMEAE (
IEMR D EAE LTz a DS 8K 75% 151 % 95
% FRIFFARRME, URFEAE) & 294N/mm® &£ 720
BT OGO FAERE (JAEB T E (<D, &5,
Six, U E) . DURFEER) (dERRAE 2000) F,=29.4N/
mm’ & [[AFTH oz,

MR D H AR MRS ) O B RS 75 458 F 84t
MG T C T, mELAMICE T 5 3SR
Koz ito Tk, 1, 28 38k Bz zhz
N141K(16% ). 371K (44% ). 271K 32% ). 71k (8
%) THolzo FHTLDOMIFHBOIREZNTN
Table 3 IC/”R 9, HHIF 58 DO FMEIE., [F CNEIC 53.0,
50.2, 46.5, 42.4N/mm* &7 D FWRH LB T LITT
EfEE LD BHEERA & FERE AERMICBNTE
HESEHR X DS OERNICER TH 2 T & DI
STz o T,

3.2 it EfEatER

F6EFE i Bl BR 0D 45 B 7 Table 4 1S3 9, #E L7 58 B RF
PEAEIE 26.3N/mm” & 7% O BIAT O MG D S i &
F=21.0N/mm’ M L TH - 7z,

3.3 #4515k Y & BR

HEFHE O FBRDFE R % Table 5 1SR . abBRIF D EIK
ROPMIEHKI 32% 750 KEIRBICIEEL TV
Mo iz HEGIER D SRERHEM I 14 N/mm® &2 0 B
1 D IESEAL A 0 FLUEGR JE F=18.0N/mm’ X » & K\ (i
R Uleo WP ROMEEREEE TR, S/KED ERICHE
S THEIFK TS 2, —/7. MEIEDEE T, §F3#
it CH 2 AF. o<V, XAV OFZEKHICD

K EER DRENT T LT #E5 1R O GER IR D &Kk N
SKHZIRBEIGEL TW AR T IR LTV EE R
bNd, TOXIIT, MHEgIE D REICKIET EKED
WEBIINIWEEZOENDEN, 7V EED T ILER

iamﬁ&ﬁﬁﬁbﬁﬁa®%%@%%ME%6#
IKiE> TRV, SHMIENRETH S,

F%H@E$%Mﬁ%1@ﬁﬁ%&£ RS ERITE YY)
FEMGEH TICHEC T, Fv v ZRICET %2 HHESEH
Koy &iTo ek Hm, 1 #. 28k, 3. BN ZENnZh
124K (14% ) . 371K (44% ). 241K (28% ). 121k (14
%) Tholzo FWMT L OMFIED MO RZ ZN
Z 1 Table 6 IC/R" T, MEL[HRD BEDFMEIE, HU
JIEIC 27.3. 27.1. 25.9, 229N/mm’ & 7% 0. WhFomE &
IR, D BN D S EISHES R D i O E N
BB ehbhoilz,

F/z. HEGIE O B ORS R, W O B O IEY
RECIIRAZEEENA SNz, ThbE, HiED
RISIERR T Z RN EFT CRUEN A U, BEREZ B
R Z e, dBAOHWmOESAHE L, HEHmMicR
ZBWIETH > T, HHIFHABRKTE ZD X S WEERE
s LTz sk B AR L BUATEE Lz DS, HiE5 1R 0 ARk (Z
EWE TR AN > e, FiBkOEREZHIICX S
et kAR RN X BB, SRS T ORI U,

HHT IR LS DR Table 7TIC/RT . £z, 1
ZTNOWEEIERED W% Photo 1 ICRT . 8 E I 7z filk 1

HANIC KD ERONZEDEEML LD, ZTOHER
FEREKNEEDNZ LD —DRINLI, FHEHRD
REBAED DI W DICIAiE TR RV, lEOES
D e, FRPMMEDIE EHIC K BHENL < Fl
MEVIE E RS TORENZ WMEHAICH B T LD
bh B, FRHENEZERBDDELGDTID. Fik
D EWVERBRAR TR IRR S TORENEMT 2 2 & i

ANEN %&k#oﬁWGWMmeghtmgaﬁ% TRTEEM, MEsmIc A2 &S aiEpELx %
5MICHE 5 T3 (Green et al. 1990, EFE 5 2001) . JRRZBAAED & T AL N TIZRWV, #E5[5E D iRk
Dz, ﬁ%%bﬁﬁﬁﬁ@ﬁ%@ﬁﬁ%?Eckz DEIKRENE Mo T T & JRTERNS B IERHIC LE T
EICDWVWTDEKRFEOEHINETNVEEZONS, F MWW R EDHBEEZONZ D, SHOMG
Too HEVF - MEFEAE - MET 19RO R OME N IR O HETH %,
Table 2 HAUTFRBRODSS R
McC P E. . MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI S 85 85 85 85 85 85 85
S 15.4 540 10.3 9.61 10.1 32.8 48.8
e/ Ml 14.5 452 7.08 6.62 6.57 12.6 17.5
BRAE 17.6 667 13.4 13.1 13.0 46.3 732
T E (R 7 0.538 38.7 1.29 1.21 1.50 6.24 11.0
EERE (%) 3.50 7.18 12.5 12.6 14.8 19.0 225
G0 MC  GKR, p o RO, E,,  BHEENEIC X BV 2 FREL MOE-app © AT OHIFY > FREL
MOE-true * HLOWNTY > 71REL o, * HITELBIBRIEISTT. MOR & i)
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Table 3 HEZEIX ) T & DT RAERORS R

% MC p E, MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI S 14 14 14 14 14 14 14
S 15.4 524 10.8 10.2 10.9 35.8 53.0
e/ IMiE 14.5 480 9.29 8.62 9.11 22.7 343
e KA 16.2 578 13.3 13.1 12.8 46.3 71.9
FEE(R 72 0.464 27.7 1.08 1.08 1.00 6.85 10.4
EEaMRE (%) 3.01 5.29 10.0 10.6 9.16 19.2 19.5
2 MC p E, MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
ARER IS 37 37 37 37 37 37 37
S 15.4 539 10.4 9.69 10.2 33.2 50.2
/Ml 14.5 454 8.25 8.00 7.53 23.6 31.9
e KA 16.2 602 12.5 11.6 12.6 45.8 73.2
FEE(R 72 0.444 37.9 1.21 1.09 1.26 5.52 10.7
EEMRE (%) 2.89 7.03 11.6 11.2 12.4 16.6 213
3 % MC p E, MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI S 27 27 27 27 27 27 27
S LAt 15.3 542 10.2 9.46 10.1 31.5 46.5
e/ Ml 14.5 452 7.08 6.62 6.57 19.3 313
Rl 17.1 667 13.4 12.1 13.0 42.1 62.2
TR R 2= 0.599 42.7 1.41 1.21 1.72 5.52 9.50
EEaMRE (%) 391 7.88 13.8 12.8 17.0 17.5 20.4
Kt MC p E. MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI S 7 7 7 7 7 7 7
S 15.7 566 9.27 8.46 8.75 30.2 42.4
e/ Ml 15.3 506 7.87 6.85 6.82 12.6 17.5
e KA 17.6 626 11.1 10.2 10.9 43.6 61.1
FEE(R 72 0.838 36.8 1.16 1.40 1.86 9.60 16.1
EEMRE (%)  5.33 6.49 12.5 16.6 213 31.8 38.0

S MC T EKE, p BB OBIE By HHEINEIC X DY U AR MOE-app 1 R DY > SR
MOE-true © ELOWFY > TREL o, @ BT LLBIBRIEIS ST, MOR & #IUT58E

Table 4 I HEFABRORG R
MC p E E o o

fr-L c C] c
(%) (kg/m3) (KN/mm?) (KN/mm?) (N/mpmz) (N/mm?)

BRI 4K 85 85 85 85 85 85
Sl 15.5 539 10.4 10.0 20.1 323
e/ Ml 14.2 461 5.11 4.95 10.9 19.7
B 16.9 633 13.5 14.0 349 39.3
TR = 0.604 39.0 1.24 1.54 5.50 3.38
EORE (%)  3.89 7.22 11.9 15.4 27.4 10.4

RLT MC D BUKRER p R OB, Eyy  BHRENRIC KBV VR B HEEREY > RE
Oy - MEERELLBISREIST, o, © MR

TR SIS 595 12 % 3 5, 2013]



Strength properties of kuri (Japanese chestnut, Castanea crenata) timber - Bending strength, compressive strength parallel to the grain, 149
tensile strength parallel to the grain, shear strength parallel to the grain, and compressive strength perpendicular to the grain -

Table 5 %5 [5E D il BROAER

MC P E. E, o, o,

(%) (kg/m?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
AR 85 85 85 84 84 84
S 31.9 611 9.72 8.53 18.0 26.2
e/ Mt 21.1 471 7365 6.28 7.12 13.9
eKfE 55.2 776 12.5 113 40.0 42.8
FEYE(R 72 6.97 55.3 1.03 1.04 8.18 6.72
EENRE (%) 219 9.05 10.6 12.2 45.4 25.6

RLE MC B, p BRI OHEE, . HHRENEIC XS Y 2 UG ECHET IR D Y2 TRREL
o, - HED 19RO ELBIRRIZIS ), o, @ #E5 195 D sRg

1 E. o, o OFBEENZNZN LT ODEVDE, IERBEORESICE D IENTE
BnolclzbTH %,

Table 6 HRSARIX I T & DHEs 1R D ilBROKEH

1% MC p E.. E, oy o,
%)  (kg/md) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
AR 12 12 12 12 12 12
R fE 30.8 584 10.3 9.14 18.3 27.3
e/ ME 22.9 531 9.12 8.14 7.87 16.8
A 423 643 113 10.2 39.8 40.6
FEHEAR 7 5.47 39.9 0.631 0.651 11.0 7.45
EERE (%) 178 6.83 6.11 7.12 60.2 27.3
28 MC p E. . E, oy o,
%)  (kg/md) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI 37 37 37 37 37 37
S fE 31.6 609 9.90 8.69 18.5 27.1
e/ ME 21.6 471 8.05 6.66 7.12 15.3
BRAE 55.2 738 12.5 11.3 40.0 42.8
TR 7 7.63 56.2 1.08 1.04 8.39 7.10
EERE (%)  24.1 9.22 10.9 12.0 45.4 26.2
30 MC p E. . E, o, o,
%)  (kg/md) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
AER 2K 24 24 24 23 23 23
S 324 613 9.43 8.29 18.7 25.9
e/ ME 21.2 519 7.90 6.56 8.22 17.6
BRAE 52.6 776 11.4 10.3 34.1 39.2
FEHEAR 7 6.93 59.2 0.887 0.900 7.34 572
EERE (%) 214 9.67 9.41 10.9 39.2 22.1
KL MC p E. . E, oy o,
%)  (kg/md) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI 12 12 12 12 12 12
S 32.8 640 9.16 7.91 14.9 22.9
e/ ME 21.1 565 7.65 6.28 7.51 13.9
BRE 42.8 703 11.0 10.6 27.5 32.7
FEHEAR 7 6.83 48.6 1.06 1.25 5.73 6.18
EEREL (%) 208 7.60 11.6 15.8 38.6 27.0

RO MCIEIKER, p BRI ORIE, Ey  BHRENEIC K 2V U REL ECHETIRD Y T REL
o, - HED 19R D ELBIRRIEIST ), 0, @ #E5 155 D sRg
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Table 7 #5015k D FERIC B 5 Fh T & OMEIEEROK L HIG

ik ok WRHEURNC X B kEE R A C O
I RT ORI 55 14 (65%) 19 14 (22%) 11 14 (13%)
1 #% 51K (42%) 4 1K (33%) 31K (25%)
2 itk 22 1 (59%) 10 142 (27%) 51 (14%)
3 % 19 & (79%) 41K (17%) 114 (4%)
K4 9 1K (75%) 1K (8%) 2 1K (17%)
Table 8 A WEERDKE R
MC P o,
(%)  (kg/m’)  (N/mm’)
R 85 85 85
SR 15.3 543 8.63
a) 811 &k IR Ho/ME 14.2 447 427
S ON [} 16.3 660 12.6
5 MMEEE 0385 462 1.42

b) M HERERL I & DRI

o) 4% 5 T DA

Photo 1. #i£5 (4 O ABRIC & 2 HUETEIEDH

3.4 BAMTEER

B AW AR BR D 5 B % Table 8 1IC/39 7, B AR i EF
MEAEI 6.12N/mm* TH 0. BT O MEEHA D AR g
F,=3.0N/mm’ % 2 5L b B> Tz, L LAEDNS,
ISR D A W ELHE SR 1 E . SEMEGR EE (IR I
SERIR D ) X4/5X12X1/1.5 TIHEINTWVS
tEZENBT D (ER 2010, 20132) . EEOE
AWBEEICLER TR D ESMA SN TV S L HERE
N3, £ T, KRBk & RERD ARG R AR 0
Tiro TR O R & LB U7z & D% Table 9 1271
o BB, XEMED FBRMEE ER 2 2R E LTz 75%
EHEKHED 5% FRETH 5, 7V O FREE /1R
EaRME R LTS, 7V 2.0 EfERED 2.4
~27&XDWR/NEholz, TOEHHBEELT, —RMIC
MR &L LGB D O ik Lz K S TR
MTHENY RT Y T IRENTZT ) DKHEE D
B35 600kg/m® TH 27280, Kk THWZZ7 VD
FRBRIF DT 543kg/m® & [RM TENY R T w7 |
DEXDEN T EHNEZENS,

RS MC : BIKE, p L AR DRE, o, L W AWIHRE

3.5 & VA5 BR

B DIABRREROHE R Table 10 1IC79, 8 DIARKER
BT R R ORI T TR D RIZ B 729, 15
SN & FLMESR T L R BRI L T E R, O
fedh, WBZEITIE U 1SO 13910 Dk ER /7 1 T - Ttk i
DGR L L7z & D% Table 111789, XHAT FREAA
MEHEINTVBREDRZOMZ, Gl ENhTVARVE
DI IE IR 53 1 2 8 UAS HEIKUE 75% D 5% R % 5k
Bize HOIAFHIUERE (FHL2EE 2001) EFEED
SAEINTVWS EEZDBNS (KR 2010, 2013b) 728,
TRl & & B TEEICDONTHEE L, ZORE, B
DIAFERFEDNIGE / HUETREE, B D IAHTRED FRRAE
| LR L A DT — X OFPFHNIC A > TED, BT
DY) OFAEFRT 10.8N/mm’ IR U THHLEZBND,

3.6 Bl - KiEEHE - ME5 IR Y OIEERMEDLEE
BT JAS OB R O WM T Tld, R F OB (
it 1988) ZB &I, #T - ML - HE5 3R D s RE
PEfE ( FPRRME) DR ELT1:08:0.6 DEFRHEK
HAENTW3, L LAaMNS, JRERM TIEZ 0BGk
DWW THBVICHAEE N TR, AFRBROFER,
70 O/ - HEERE - MED1EE D TR R PR O AR
29.4N/mm’ : 26.3N/mm” : 14.IN/mm’ = 1 :0.89 : 0.48
ThHoleo AFHMOMEBKR L T 5 L. i
XU T, MEEMEDARE L HET[ROD/INEWVEE R -
Jzo BRIEC OHHIEIAS D TRV, JLZEBM OH
HEREEB ORI, AFZBE L LIBHITIASOD
R EIGERZZAEEEND S 720, SHkMEREIC B
TEARDOMET MR ETH %,

BMKR AT 5512 %3 5, 2013]



Strength properties of kuri (Japanese chestnut, Castanea crenata) timber - Bending strength, compressive strength parallel to the grain,
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tensile strength parallel to the grain, shear strength parallel to the grain, and compressive strength perpendicular to the grain -

Table 9 SRR AW =X T 7 - Fe M & oD FLig

FéfE AR A B (EBHE ) AR (N/mm?) FEMEGREE N RRAE / S ERR
(kg/m®) TR (N/mm?)  ZEMRHE (%) (N/mm?)

7Y 85 543 6.12 16.4 3.0 2.0
R A 50 519 5.79 13.3 2.4 2.4
B/ X 40 515 5.73 18.8 2.1 2.7
AT 49 477 5.42 15.3 2.1 2.6
A B ND 100 514 5.21 13.9 2.1) 2.5
A 51 414 4.82 13.8 1.8 2.7

SR O HE S (2006), P HIES (2010)

T FMERR T (X TR (2000) “AHf DELUETRET Fe, Ft,Fb Ne U Fs 2B D S5, K 12 4 5 H 31 HERE RS 14525 )
& %o A LISOFMERIEIIAEAE LAWY, BEGREBREEE ¥ X 0 2.1N/mm” &E Lz,

Table 10 8 D IAFFAEROFE R

Mc p Tevp fc,oo fc,oo,y Kc,c)o

(%) (kg/m®)  (N/mm?) (N/mm?)  (N/mm?)  (N/mm?)

R RS 85 85 85 85 85 85

SEAA 15.2 543 6.26 13.3 8.54 4.52
I/ M 14.0 475 4.59 10.3 6.38 2.34
IS FN:} 17.3 654 8.77 19.8 12.7 8.60
IEHE (R 7= 0.582 422 1.02 1.99 1.35 1.22
BEMEEL (%)  3.84 7.78 16.3 15.0 15.8 27.1

RLE MC T EKE, p BB OFEIL, 0., 0 D VIABILBIRILIS I, fig @ & DIAFGRE,

Foony * D VIABERRTIEL, Kooy 8D IABMITE

Table 11 1SO 13910 D D IARHGAERST T TTT - T thiiife & oD Fhiik
TR BRI B CEBME)  1SO FRUC KL DD VIARTRE  FLUEsRAL EEIE TR
(kg/m®) FEME TR AEMRE Nmm?)  REYESRET / HLYESRAT
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Development of ozone-susceptible transgenic poplars with a sense
DNA for 1-aminocyclopropane-1-carboxylate synthase

Takeshi MOHRI"", Satoshi KOGAWARA", Tomohiro IGASAKI",
Nobuyoshi NAKAJIMA? and Kenji SHINOHARA"
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Key words: ACC synthase, Lombardy poplar, over-expression of ethylene biosynthesis, ozone-susceptible poplar.

Ethylene is a plant hormone involved in the regulation
of growth and development in response to environmental
stresses (Wang et al. 2002). It is synthesized from S-adenosyl-
L-methionine via 1-aminocyclopropane-1-carboxylate (ACC)
in higher plants, and ACC synthase (ACS; EC 4.4.1.14) often
catalyzes the rate-limiting step in ethylene biosynthesis (Yang
and Hoffman 1984). Previously, we succeeded in improving
the O; tolerance of tobacco (Nakajima et al. 2002) and poplar
plants (Mohri et al. 2011) using an antisense DNA for the early
O;-inducible ACS gene. In the present study, we succeeded
generating Os-susceptible transgenic poplar plants by over-
expression of the ACS gene. To our knowledge, this is a first
report of transgenic woody plants with increased susceptibility
to air pollutants.

The transformation and regeneration of Lombardy poplar
(Populus nigra L. var. italica Koehne) were performed as
described previously (Mohri et al. 1996, 2011). A blunt-ended
c¢DNA for the O;-inducible ACS gene (PO-ACS2, accession No.
ABO033503) was ligated in a sense orientation to the cauliflower
mosaic virus 35S promoter and replaced the B-glucuronidase
coding region of the binary vector pBI121-Hm (Fig. 1). The
disarmed Agrobacterium tumefaciens strain LBA4404, harboring
the binary vector, was used in the transformation experiments.

Transgenic poplar plants were grown weekly with 0.1% (v/
v) Hyponex (Hyponex Japan Licensee, Tokyo, Japan), and pots
were watered daily. Four- to 5-week-old transgenic plants were

exposed to 0.2 and 0.6 ppm O; in a growth chamber (230 cm

JERAAZAT © 2Rk 25 4F 8 A 27 I Received 27 August 2013

% 190 cm x 170 cm) at 25°C and 70% relative humidity, under
light from metal halide lamps with a photosynthetic photon flux
density of 300 pmol m”s”. Ozone was generated from an O,
generator (Sumitomo Seika Chemicals Co., Tokyo, Japan).

Sixteen transgenic lines that showed kanamycin and
hygromycin resistance (markers of a successful transformation)
were obtained. All transgenic plants contained the introduced
hygromycin phosphotransferase gene (data not shown). The
morphological features of the transgenic plants did not differ
noticeably from the control plants (Fig. 2). A difference in
growth rates was not found under strong light and sufficient
nutrient conditions; however, a difference was sometimes
observed when cultivation occurred under weak light and
insufficient nutrient conditions (Fig. 2). We examined the
physiological characteristics of transgenic poplar plants to
understand their potential for O; susceptibility. When the control
poplar plants were exposed to 0.2 ppm O;, no leaf damage was
found. When the O; concentration increased to 0.6 ppm, the
leaves withered and necrosis appeared on the surface within 24
h after the end of exposure (Fig. 3). In contrast, three randomly
selected transgenic lines showed visible damage at 0.2 ppm O,
and one line (No. 9) showed the highest susceptibility to the O
treatment (Fig. 3). The injuries tended to be more extensive in
older leaves than in younger leaves.

In conclusion, the present study shows that the constitutive
expression of a sense DNA for an Os-inducible ACS gene could

increase the O; susceptibility of poplar plants.
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Fig. 1. Structure of the construct used for the transformation of Lombardy poplar. NPT II, a gene encoding neomycin
phosphotransferase 1I; 35S, cauliflower mosaic virus 35S promoter; NOS, nopalin synthase terminator; HPT, a gene encoding
hygromycin phosphotransferase; RB/LB, right/left border of T-DNA.

transgenic

control

Fig. 2. Morphological features of transgenic Lombardy poplar
plants. Plants were grown with 0.001% (v/v) Hyponex,
under cool, white fluorescent light (60 pumol m?s’, 16 h
photoperiod). Bar = 10 cm.
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Non-destructive evaluation of structural members
used for an FFPRI model wooden house
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Abstract

The purpose of this research was to understand the initial performance of structural members comprising an
FFPRI model wooden house by non-destructively measuring their individual physical properties, e.g. column, beam
and sill. The measured items were density and Young’s modulus using the longitudinal vibration method. In addition,
the bending Young’s modulus and shear modulus of elasticity were measured using the flexure vibration method for
beam members and moisture content was measured for around half the structural members. When some changes
emerge in structural members in future, a comparative investigation can be performed based on the initial physical
data acquired in this research.

Key words : case study house, wooden house, structural member, non-destructive evaluation
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Table 1. HI5E U 7o d kA OWpTEAE CAFRA))
N R KoyEto

MEPREEIC LD TCHIEIC KD TGHIEIC X %

s o NP wmee e (B XTES X R &) akw BE TRovgm vl oK wANEIERY
7 (mm) ) e/m (kN/mm®) (kN/mm?) (KN/mm®)
276 20036 PHTE TR AX RS 120 X 120 X 3000 420 7.10 8.35 0.63
275 20037 PHTE TR AX R 120X 120 X 3000 371 7.18 7.46 0.76
274 20038 PHTE T ITFE AX R 120X 120 X 3000 377 6.21 7.47 0.55
273 20039 PHTE T AR 120X 120 X 3000 425 7.18 8.51 0.73
272 20040 PHTE TR AR 120X 120 X 3000 377 6.75 7.49 0.75
271 20041 PHTETIHE AX RS 120X 120 X 3000 389 7.25 8.34 0.85
270 20042 PHTE IR A XA 120X 120 X 3000 389 5. 64 6.36 0.83
306 20043 PHTE T ITRE A RS 120 120 X 4000 396 6.74 7.29 0.76
305 20044 PHTE T ITRE A XS 120X 120 X 4000 405 7.06 7.59 1. 14
304 20045 PHTE T ITRE A S 120X 120 X 4000 362 6.27 6.70 0.70
303 20046 PHTE T2 I3RE A S 120X 120 X 4000 321 6.22 6.34 0.55
302 20047 PHTE T2 I3RE A RS 120X 120 X 4000 442 7.49 8.03 0.83
301 20048 PMTE T ITRE AR 120X 120 X 4000 380 6.95 8.33 0. 66
300 20049 PMTE T ITRE A X R 120X 120 X 4000 384 6.90 7.19 0.85
298 20059 PMTE T ITRE A X R 120X 120 X 4000 450 7.57 7.98 1.36
297 20060 PHTE I3k ARG 120X 120 X 4000 386 7.42 7.76 1.03
299 20063 PHTE T ITRE A XRB 120X 120 X 4000 412 6. 50 7.53 0.76
278 20035 2 A G 105X 105 X 3000 397 7.49 8. 29 0. 56
46 00032 P A S 105X 120 X 3000 9.0 361 6.76 7.29 0.90
47 00033 22 A X B 105X 120 X 3000 10.0 385 7.74 8.16 0.74
277 20031 i MRS 105X 120 X 3000 364 7.19 7.74 0.83
269 20032 i e 0o 105X 120 X 3000 417 6.53 9. 47 0.77
76 00038 eAfT S 27 120 X 120 X 4000 13.0 389 7.04 8.05 0. 60
79 00039 Ui A X RS 120 X 120 X 4000 17.5 419 7.53 8.75 0. 64
78 00040 2 AR 120 X 120 X 4000 9.5 393 6.19 7.07 0. 54
7 00041 et RS 120 X 120 X 4000 10.5 406 6.58 7.67 0. 49
75 00042 2eH7 A g 120 X 120 X 4000 13.0 409 7.81 8. 62 0. 57
35 00035 2eMt AR 120X 120 X 6000 10.0 367 7.55 9. 66 0.34
36 00208 PeHi AR 120X 120 X 6000 12.0 349 6. 49 8.59 0.24
37 00211 Mt AR 120X 120 X 6000 9.5 379 6. 85 9.21 0.28
291 20050 oMt AR 120X 120 X 6000 358 7.24 9.14 0.47
292 20051 2eMT A RS 120X 120 X 6000 403 7.37 9.76 0.38
293 20052 M7 AR 120X 120 X 6000 400 7.33 9.82 0.33
294 20053 2eHi AR 120X 120 X 6000 418 6.77 8. 68 0.47
295 20054 et AR 120X 120 X 6000 384 6.11 7.66 0.74
296 20055 P2 A XU 120X 120 X 6000 373 7.62 8. 60 0.48
258 20122 P2 AR 120X 150 X 3000 405 7.53 8.93 0. 54
44 00126 i A A 120 X 150 X 4000 18.5 379 7.20 7.40 0. 56
324 20117 p B 120 X 150 X 4000 382 7.46 9.85 0. 70
234 20118 2Hi AR 120 X 150 X 4000 395 7.29 7.69 0.82
235 20119 2eHi A HA 120X 150 X 4000 353 6.32 6.92 0. 69
238 20120 Mt A A 120X 150 X 4000 381 7.78 8.25 0. 69
239 20121 oMt A HRS 120X 150 X 4000 382 8.15 9.09 0. 64
248 20123 PHT A HES 120X 150 X 4000 456 7.03 7.29 0.92
249 20124 it A HES 120X 150 X 4000 422 7.34 7.62 0.90
250 20125 Pt A B 120 X 150 X 4000 406 7.78 7.98 0.93
251 20130 PMT A B 120 X 150 X 4000 389 6.91 7.70 0.91
252 20131 PAHMT A B 120X 150 X 4000 427 6.91 8.39 0.70
253 20132 Py A 120X 150 X 4000 412 7.55 8. 11 0.85
254 20133 PH7 A X B 120 X 150 X 4000 392 6.50 7.64 0.67
255 20134 epr e ) 120X 150 X 4000 422 7.50 8.26 0.95
316 20114 b e V%) 120 X 150 X 6000 395 7.66 9.32 0.42
322 20115 P2 e %) 120X 150 X 6000 393 6.03 7.37 0.56
321 20116 b e %) 120X 150 X 6000 362 8.02 8.70 0.83
58 00150 bt P 120X 180 X 3000 9.0 357 6.67 8.02 0. 68
43 00139 Pkt e v 120X 180 X 4000 9.5 382 7.39 8.49 0.78
231 20144 Bt A RS 120X 180 X 4000 442 6.73 6.99 0.84
232 20145 2ep7 A RS 120X 180 X 4000 346 6.45 7.43 0.95
233 20146 2ty A RS 120 X 180 X 4000 430 7.38 7.11 1.08
236 20147 M7 s v 120 < 180 X 4000 368 7.22 8.43 0. 86
237 20148 M7 R U 120 < 180 X 4000 358 7.00 8.19 0. 59
243 20149 i s o 120 X 180 X 4000 434 6. 68 7.84 0. 74
244 20150 2 s v 120X 180 X 4000 404 7.02 7.36 1. 40
245 20151 2 RS 120 X 180 X 4000 382 6. 96 7.83 0.88
246 20152 2 Z 120 X 180 X 4000 432 6.76 6. 55 1.04
307 20139 2 A XS 120 X 180 X 5000 380 7.87 9.14 0. 85
308 20140 et R R HRF 120 X 180 X 5000 348 7.11 7.46 0. 80
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Table 1. 7€ U7e WG E A OWIPEAE (A FRB) (i)

161

. QR=— FID e ; AR IKIFEFD e ﬁiﬂ%gﬁ?ﬁt: £ TGH\‘H—;&; L5 Teﬁ-‘{zt;@: ; %
BRI 5 OBE ) fels FHEBAL e (lFXEE X F &) K (ke/n) Y ffﬁaﬁk Yo f@iﬁc ﬁ/u[iﬁfrﬁﬂi%f%?}ﬁ
(mm) (%) (kN/mm®) (kN/mm®) (kN/mm?)

309 20141 At A XS 120X 180 X 5000 352 6. 69 8.21 0.82
310 20142 At A X RIF 120X 180 X 5000 398 6. 90 8.04 0. 69
311 20143 oMt A X R 120X 180 X 5000 391 7.32 8. 68 0. 88
56 00152 oMt A X RIF 120210 X 2000 25.0 411 6. 62 8.32 0.76
257 20158 oMt A X R 120210 X 3000 356 7.16 8.21 0.84
69 00122 Mt A X R 120210 X 4000 22.5 401 7.01 8.36 0.77
242 20157 i AR 120210 X 4000 386 7.13 7.85 0.83
61 00165 i AR 120X 240 X 3000 16.0 369 7.30 8.49 0. 68
60 00166 Mt AR 120X 240 X 3000 18.0 375 6. 26 6.69 0. 67
59 00178 i AR 120X 240 X 3000 12.5 378 7.62 8.52 0.79
259 20164 P AR 120X 240 X 3000 421 5. 80 5.98 0. 69
65 00169 Gepr AR 120X 240 X 4000 25.5 499 7.12 8.47 0. 69
66 00170 Gepr A RS 120X 240 X 4000 17.0 376 6.39 7.71 0. 62
62 00167 Gepr Z B 120X 240 X 4000 17.0 371 6. 90 6.71 0. 66
63 00168 i Z B 120X 240 X 4000 10.5 360 6.94 8. 60 0.67
64 00179 i Z B 120X 240 X 4000 11.5 347 7.83 8.19 0.72
240 20162 i Z B 120X 240 X 4000 394 6. 69 7.83 0.73
241 20163 P A B 120X 240 X 4000 382 7.72 8. 87 0.94
247 20165 P A B 120X 240 X 4000 365 7.40 8.10 0. 74
320 20188 P A B 120 % 240 X 4000 371 6. 80 7.34 0.74
319 20189 M A b 120 X 240 X 4000 364 7.50 8.37 0. 96
318 20190 2t A b 120X 240 X 4000 328 6.55 7.25 0.81
317 20191 2 A RS 120 X 240 X 4000 358 6. 77 7.64 0.79
6 00158 2 A B 120X 240 X 5000 310 6.53 7.16 0.55
282 20183 2 A B 120X 240 X 5000 342 7.16 7.65 0.80
326 20185 M7 A B 120X 240 X 5000 372 7.45 8.91 0. 62
325 20186 22 A B 120X 240 X 5000 371 6.33 7.51 0.92
323 20187 22 A B 120X 240 X 5000 366 7.66 9.01 0. 65
11 00160 2 A HES 120X 240 X 6000 362 7.81 8.91 0. 58
285 20161 M7 A HES 120X 240 X 6000 451 7.84 9.09 0. 89
279 20184 M7 A EHES 120X 240 X 6000 413 7.07 8. 14 0. 84
314 20192 M7 A HLES 120X 240 X 6000 394 7.51 9.42 0. 68
289 10031 At A RS 120X 270 X 6000 370 7.19 8.31 0.61
290 20198 At A RS 120X 270 X 6000 403 7.93 9.52 0. 70
284 10032 oMt A RS 120X 300 X 6000 374 6. 29 7.58 0.79
312 10033 oMt A RS 120300 X 6000 365 7.72 8.45 0.61
313 10034 BeHr A XS 120300 X 6000 397 7.50 7.60 0. 64
256 20208 oMt A RS 120X 330 X 3000 376 6. 40 7.04 0.77
283 20204 oMt A X RF 120X 330 X 5000 311 7.23 7.61 0.59
280 20205 oMt A X RIFF 120X 330 X 5000 400 6.61 7.66 0.72
281 20206 oMt Z R 120 X 330 X 5000 353 7.70 8.07 0. 65
13 00199 Bepr Z R 120 X330 X 6000 421 7.84 8.88 0.47
288 20201 oMt Z R 120 X 330 X 6000 391 7.45 9.53 0.61
286 20202 2eHi A XS 120X 330 X 6000 355 7.06 8.36 0. 88
287 20203 oMt A X R 120X 330 X 6000 364 6. 50 7.28 0.86
315 20207 Mt A X RIS 120X 330 X 6000 394 7.39 8.90 0. 64
10 00193 oMt Z R 150 X 330 X 5000 359 6.09 6.17 0.57
115 00078 +E AR 120X 120 X 3000 13.5 395 8.71

118 00081 +E AR 120X 120 X 3000 16.5 444 8.71

173 00234 +E AR 120X 120 X 3000 37.0 443 7.95

84 00045 #E AR 120X 120 X 3000 9.5 403 8. 14 8.99 0.97
83 00046 FE A X R 120X 120 X 3000 39.0 486 8.25 8. 77 0.53
82 00047 i AR 120X 120 X 3000 10.0 402 8. 41 8.88 0. 82
81 00048 FE A RIS 120X 120 X 3000 20.5 459 8.32 8.90 0. 62
80 00049 FE A RS 120X 120 X 3000 12.0 413 6.43 8.02 0. 70
92 00051 He A RS 120X 120 X 3000 14.0 410 6.18 7.32 0.71
86 00052 FE AR 120X 120 X 3000 15.0 376 6. 42 7.24 0.51
88 00053 FE X RS 120X 120 X 3000 13.0 415 6. 20 6.78 0.67
85 00054 FE RS 120X 120 X 3000 16.5 387 7.31 8.47 0.70
87 00055 R AR 120X 120 X 3000 13.0 434 7.78 8.99 0. 89
93 00056 B AF RS 120X 120 X 3000 10.0 398 7.17 7.64 0.70
94 00057 FE A B 120 X 120 X 3000 17.0 500 6. 52 7.11 0.68
95 00058 B AF RS 120X 120 X 3000 11.0 364 5.94 6.96 0. 66
97 00060 B A RS 120 % 120 X 3000 17.5 371 5.94 6.74 0.56
98 00061 ke A RS 120X 120 X 3000 12.0 473 7.30 8.32 0.78
99 00062 FE A BES 120X 120 X 3000 19.0 433 7.33 8.37 0.73
100 00063 FE A RS 120X 120 X 3000 10.0 374 7.77 0.66
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Table 1. JIE U 7o W& S M OPpIEM (A F8H) (i &)

s QR=t— RID R o - BPHE KIFD e %’fi?&?ﬁ(ij:; % TGH\‘ZN; k5 TOHEIC LD
AR AT S ) fet PR e (EXES XRX) GKE (ke/n) Yo L?:%t YU RE W AMTEIELREL
(imm) (%) (kN/mm®) (kN/mm®) (kN/mm?)
101 00064 ke e ) 120X 120 X 3000 9.5 375 7.41 8. 04 0.79
102 00065 1 R B 120X 120 X 3000 10.0 395 7.27 8.61 0.73
103 00066 FE A XL 120 X 120 X 3000 10.0 402 7.82 8.21 0.95
104 00067 FE A XS 120 X 120 X 3000 24.5 448 6.29 7.43 0.67
105 00068 #E e 0% 120X 120 X 3000 25.5 514 6.08 6.89 0.63
106 00069 #E AR 120X 120 X 3000 17.5 498 7.26
107 00070 kE A 120X 120 X 3000 12.0 402 7.43
109 00072 ¥ ey ) 120X 120 X 3000 11.0 478 6.55
110 00073 B A MRS 120X 120 X 3000 12.5 424 8.37
111 00074 FE RS 120X 120 X 3000 10.0 386 8.38
113 00076 FE e ) 120 X 120 X 3000 17.0 471 8.52
116 00079 FE e %) 120X 120 X 3000 9.5 344 6.21
117 00080 ¥ e %) 120X 120 X 3000 13.5 413 7.46
119 00082 kE A MRS 120X 120 X 3000 16.5 470 8.58
120 00083 1 A X 120X 120 X 3000 19.0 478 7.50
121 00084 ke e ) 120X 120 X 3000 15.5 398 7.03
122 00085 R RS 120X 120 X 3000 12.5 392 6. 80
123 00086 FE A XL 120 X 120 X 3000 9.5 368 7.54
90 00173 FE A XS 120 X 120 X 3000 13.0 446 7.21 7.97 0.85
89 00174 #E A XS 120X 120 X 3000 12.0 408 7.01 7.85 0.89
146 00209 #E AR 120X 120 X 3000 14.5 410 7.14
147 00212 kE A X HBS 120X 120 X 3000 21.0 446 7.55
143 00214 1 e ) 120X 120 X 3000 10.0 428 7.75
141 00216 FE A X B 120X 120 X 3000 7.5 346 6. 81
140 00218 FE 2 S 120X 120 X 3000 11.5 403 8.24
139 00219 FE e %) 120 X 120 X 3000 9.0 352 7.08
151 00220 FE e %) 120X 120 X 3000 11.0 401 6.16
152 00221 ¥ e %) 120X 120 X 3000 21.0 465 8.29
158 00222 58 AR 120X 120 X 3000 10.0 390 7.98
145 00223 1 A X 120X 120 X 3000 19.0 463 8.36
159 00224 I3 e ) 120X 120 X 3000 20. 0 466 5.85
167 00225 FE R L 120X 120 X 3000 15.5 406 6. 46
144 00226 FE A X R 120 X 120 X 3000 18.5 413 7.44
160 00227 FE A XS 120 X 120 X 3000 24.5 422 6.25
150 00229 #E A XS 120X 120 X 3000 12.5 430 7.44
166 00230 #E ARG 120X 120 X 3000 22.0 423 6.71
174 00231 kE A MRS 120X 120 X 3000 18.0 423 7.75
165 00233 1 e 2% 120X 120 X 3000 23.0 445 5.94
156 00235 R e ) 120X 120 X 3000 12.5 392 7.21
164 00236 FE s o 120X 120 X 3000 16.0 427 7.02
172 00237 FE e %) 120 X 120 X 3000 28.0 435 7.62
155 00239 FE A XS 120X 120 X 3000 13.0 416 7.01
163 00241 #E e %) 120X 120 X 3000 13.5 403 6. 11
162 00242 1 A RS 120X 120 X 3000 26.0 447 6. 74
169 00244 1 A 120X 120 X 3000 28.0 423 6.06
170 00245 3 e 2 120X 120 X 3000 15.0 380 5. 87
171 00246 FE R B 120X 120 X 3000 21.0 390 7.65
260 20056 FE A XL 120 X 120 X 3000 417 8.59
261 20057 FE e %) 120X 120 X 3000 443 7.14
262 20058 1 AR 120X 120 X 3000 394 6.78
263 20061 =3 A RS 120X 120 X 3000 350 5. 99
264 20062 1 A RS 120X 120 X 3000 406 7.53
265 20064 1 R 120X 120 X 3000 432 7.30
266 20065 FE A X B 120 X 120 X 3000 426 8.18
267 20066 FE A XS 120 X 120 X 3000 424 7.78
268 20067 #E A XS 120X 120 X 3000 374 7.13
138 00207 i s 120 X 120 X 4000 10.0 418 8. 63
BRI EL 91 191 190 138 138
S 15.4 399 7.14 8.03 0.73
o ON A 39.0 514 8.71 9.85 1.40
e/ Ml 7.5 310 5. 64 5.98 0.24
TR 72 6.1 37 0.67 0. 80 0.18
LRI () 39.3 9 9.33 10. 01 24. 10

TE 1 QR=— RIDA3200003% 5 O IFTHAM SN2 b D TH D,

&
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Table 2. JIGE U 7o W& S OPITEAE (X FHERAD)

NFRTIE KEFEED FERRBNEIZ L D

smikgs WP gmmy (B XS X X) akw BE TR e
(MBE %) (mm) ® (kg/m’) (1eN/mn)
180 00256 k A LA 120X 120 3000 19.5 459 8.56
179 00257 k A LA 120X 120X 3000 12.0 430 8.40
184 00258 k A LA 120X 120 3000 13.0 452 10. 64
182 00259 FE A LA 120X 120 3000 11.5 426 8.36
181 00260 kE A LA 120X 120X 3000 15.0 428 8.35
183 00261 kE A LA 120 120X 3000 15.5 442 8. 67
327 20263 FE P o7 120X 120X 5000 14.0 399 7.64
39 00254 FE A LR 120X 120X 6000 14.5 416 8.16
B RS 8 8 8
S 14. 4 432 8. 60
B KA 19.5 459 10. 64
Fe/IMifT 11.5 399 7.64
AR A= 2.3 18 0.83
ZEThARE (%) 16.3 4 9.61

T : QR — RIDZ320000%F &5 OMIZFHAfM SNTZbDTH D,

Table 3. JI5E L 7eWsd& A OITEM (A - v/ FEEHERM)

QR=— FID IAFRSTIE ATFHD e HHEBNEIZ KD TGHIEIZ K % TGHIEIZ X B
BRI OBE2) fetE AL el (EXES X R X) ERE (k','fs) Yy UR Yy TR AR
= (mm) %) em (kN/mn?) (kN/mn) (kN/mm?)
328 AT AKX - b ) FEEGER 150 X 300 X 5000 14.5 439 9.65 11.6 0.98

Table 4. JII5E U 7e G i oML (& / F504)

o QR=— KD o ) - AFRTE /k{ﬁ%”r@ g HERBNIELZ L 5
BRI (VB 52 5 FEBAL FikH (IEXEIXEX) K (ke/m) YU {ffi&
(mm) %) (kN/mm”*)
124 00001 +& b xR 120 120X 3000 12.5 529 9.63
125 00002 & b X8 120 120X 3000 12.0 490 14. 43
126 00003 +& v X 8br 120 120X 3000 15.0 538 13. 06
137 00004 & v b 120 120X 4000 12.5 476 10. 89
136 00005 & v b 120X 120X 4000 12.0 456 10. 99
135 00006 = v b 120X 120X 4000 12.5 438 11.58
134 00007 & v b 120X 120X 4000 13.5 525 11.86
133 00008 & v b 120X 120 X 4000 12.5 494 10. 88
BRI 8 8 8
X fiE 12.8 493 11. 67
B KA 15.0 538 14. 43
B/ IMiE 12.0 438 9.63
e 2 0.9 34 1.39
ZEERE (%) 7.3 7 11.91
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Table 5. #{lI3E U 7e GG A A OWPEAE (b FHH)

N R=— FID o \ - AFEHE KorEto P HERBNIEIC L 5
AR (B ) (R EvA fi | (FEXEEXEX) Gk (ke/m) Yo U bR
(mm) (%) (kN/mm?)
192 00013 T b X LR 120X 120 3000 19.5 514 8. 11
185 00014 T v X LR 120X 120 3000 20.5 511 11. 09
187 00015 ENE v/ R 120X 120 3000 15.0 519 8.90
193 00016 ENE v/ AR 120X 120X 3000 26.0 511 8. 66
186 00017 ENE b X LR 120X 120 3000 25.0 516 10. 30
194 00018 ENE v/ AR 120X 120 3000 21.5 515 9.67
195 00019 ENE v/ AR 120X 120X 3000 23.0 524 6.76
188 00020 T b X LR 120X 120 3000 22.0 511 10. 03
196 00021 T b X LR 120X 120X 3000 20.0 522 8. 64
189 00022 ENE b X LR 120X 120X 3000 23.0 500 8.58
190 00023 EE b X LR 120X 120X 3000 17.0 503 9. 66
197 00024 ENE v X LR 120X 120X 3000 22.0 509 8.22
191 00025 EE b X LR 120X 120X 3000 21.0 525 9.85
198 00026 ENE v X LR 120X 120X 3000 24.0 519 10. 11
178 00012 e v R 120X 120X 4000 21.0 534 8. 34
AR A2 15 15 15
Tl 21.4 515 9.13
e KA 26. 0 534 11.09
e/ Ml 15.0 500 6.76
TR A2 2.8 8 1.06
R BRI (%) 12.9 2 11.66
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