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KZBVTH, ZOEAOMIE, HlEE L 38w E
RoBEUNHWENTVSE WE, B4 2002), 7R
D% OFEFIEIER DS, SR ERERZ D
BABERI SN INDoD0H 508, EERREWS
FREEREN OB S RO 72D RIETH Y |
BIRE UCTHi72 e AR X B HE LD & 2 i 5,
HHRD +5TlE e RPTER TV 2008 TH
%o L7zA o T APREOBAZ LT % 720013
BUBIHSE 2 835 & IS, T TICBAL TV B4k
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%\» (MacArthur and Wilson 1967), & 512, K
S BIRe EAF DR X 2 S AW D = v FH 22T
LENL N & BRI AV RAE & OB REN
NHEDEENTZ L, KBORMZE Y ZD LS Bk
Wy D3 ANTHR Lk & 4 2 T e ORI &
0. BLUAERERIGARARE O AT X B AL L
TR TH D b Tnwsd (B2 1F Loope et al.
1988, Vitousek 1988) . #LRAEDER A E R IZ DO
TN T 2 7-0121%. T ORISR 2 T 24§
P, BEELOA M SR AT O MBI 2 BB, S
S ZDOBREEAYS 72 & 3 FIHI W BE % IR O IRTE A A
HEhREIZOVTHRDL Z EPUETHS (Stohlgren
et al. 1999) o

1.2 NEREEBICET2T7HXDBA

INFEGRBIEKEEE D DR 5722 DR
WHEBTHY . NTAHERH I /T ARG LR
RERETDHERETH S UM 1994), #1004F A
W & DN IEISREAE LA 72 Bl 24 e, ARG A
BRI S, F 7B R E OB & T B HR M AT
KECLEE R UASEEL L R Y N7z,
ZOMER BFIROTEEEDE A, M IR L 22
B2 SRS 2 LBAE L, VavFaywyel v
FITA/F, FUARL, FYIATRF, THXRER
i IR JEORE O R D LR A SERBR I LA S
oo INHOBFEDIZE A LIE, AR INY
FICOREFT L TWEH, ZOH Tl 7 %54 )
TRIIMMNICEA LIERBHEZ LB L. IBIfEARE 7 B
EELGZ2OO0HDLDNT HF (Bischofia javanica
Blume) T % o /NEFAT H FHUEA SN 720131900
EROUHD T YRS S N2 DT TH - 72,
LA Ly KRS I iE S h 72 RE e & . B
Lo THRIEN7-FE T HSPHEH S 72 KRN T H 383F L
AT % TRAF T o 720 19684 /N R SRR S h
N DIl Uz teid, b IdRedi st & L C oA I fififil
E7 <, BIETIEIMESX v v 7RHEL S B &
DNCAERBHE & 8 &b ), MKEERL>OH 5,
PO CTNERENRFT LT R 2% - YRV b M
BYERARSEE L COBBEOROKRIIL, 4T
TAXVPEETIZHRANEEHRLTCLE -7 (FK
1988)c T F F TIIAERBHABRE S N2 BNDDH
O\ 7 X OGN & AERAAR O PR A & A5
LI EDNBBELINTVD,

THFIX ®KMETIT7. A4 v N exgv,

[EXCCNIRLIE N SV ANEE AN N g R AN 1
ANV T. WRPEESET. M REEMET S
N 5 A YR oM SRR OBEE T, Bk E 3B
KRB TH D (A S 1989), 7 HFid, €Y A—
R CERRIA SRR, WA & B SRR E T
MRIA K 34 LTW 525, NERICEONS L) L
WERIZA LNV,

T AFRANEREDINCS, - HT 7Y AT
D NTATBASHIZMENH Y, FFicya) ¥
TREBIEMHE LTREITHZ STz O L
Ty RIS 7 — VIS X B 3L & 52 72 BT AR IS B
WA GRENTIRAN) . $3WROPHEET & 2 ) 1%
Er b LG SN Twa (Morton 1984,
Horvitz ef al. 1998) . BIfE7 21 /1 Tid. The worst
invasives in the US |27 A b &4 (Brooklyn botanic
garden). HAERIZBWTHHRME T — A 10012 A
FTyTERTYE (FE, BH 2002),

1.3 FWXDOBEK EBR

ANEIERRIE T E CTICRIE & 2 o 7oA R IR
FTNLHBTH Y MK < F83E & Wl RIC+
RN ERLEET D201, ERBRALINIEELE %
V7212 WIGETICBR S A, MR BHER L 72 RERMRIZIE
BEAERBADBRON o7z THAFLEINL D
KRBT RE S B2k, W2 WO AL SR
WEHBRARNIC DR A LIERIBREICE X b ) 00 H %
ZETHb, TOZEEFE, THFHPMNDVGFEHTHE
WECNAL FZTHEEZ D22 0 0b 5T, ik
PECENRD Z L 2RI LTV,

K52, IEK (1983,1994) 13, KEIE T D
MO HERE DZALIT OV TR, 1983411 HIS/N R %
o 72 KM BEIT SIS T FOMBEDHAL, £
NZEFEATHEHAEED YRV N F2 K FOHK
DBHRHTDZEZRBHLTBY . 7T H FORKMHAN
ORI, BEE &I X BHEIC X 2 EREDOZL
PRECHELTVWEZEHRBEND, £ TR
ZETIE, B S X B HMOBIELIC X AHEF v v
TORWE ., HEELEOBERICLEZHEF v v 7O
PAME L, RBEOZ K LT, ER T IS &
LTHEDTONTWDE T AX L, RO ERL LI
T, rPERAR, d5 X OVERIUDRIAE o0 B R B LRE )
MO TN Ly ANEFGERICBI 27 A F
DRARI L OB EZBGEET 2 2 &2 HinE LCh
Zholzs
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B2 3T, 59 S GO FRZEAITH T B A B
TERYBIMLASRE 2 AT Ly 45 3 3 Cld, Jhodins X o
WA OW T DOEALITHTT % O T2 5 FE O B
TEMBIMLRE ) DOV THIR L7z, IR H 4 &%
TENSOMRERE L. WEORFEOEILIIK T
BN ARIEL . NEFGEBNOBR AL & B
PEIZoWTHELE L 72,

B2E MEX v v TOEKRICLIAREOLE)
EEDEEREIERES

2.1 FC®HIC

ANEIREE B H RS & B AR O BEELEE AN <
T FIIHMNTIHS L CEEDESEHR, WEF v v 7
THLLEREL TR DS, NEFETOZ O/
BRABEIER E LT, HELOZEP ENEEZEZ LN
(77K 1988, Yamashita et al. 2003) o

FArarRGE. N)r—YICEoTRESh
AMEFE Y v 7id. HHRICEFT AP OEHICE -
TEER%E% b2 (Bellingham et al. 1996, Carlton
and Bazzaz 1998), 5 OHEELIE, FPKAE DL Rl
EANOBRAZMET ZHEED 1 OTHLE L HEZ LN
Tw5 (Lorence and Sussman 1986, Horvitz et al.
1998) o /NAFBFUXAEIC 6. 8 O BMOE B E 21 5
Z & (1951-19974F, SLESARBINI . F72KBOH
JUC X 2 FMROBELIZIC T 7 FOMAEAIH AL T b
ZEhH (K 1984), HEF v v TOIBKIC L 50
BB O EAOABYEREIMEILEE) . R O AAF
REDBROBEIZE o TIWICEETHLEEALN
5o

WEF v v 7DTBR SN D & RNONMERTIEKR
BT 5 (B 213 Denslow 1987, Canham et al.
1990) o ZHARIVOLHHST S 2 L2k o Ty A
TH - M ONALF R L ONF R IEWAP T % &
ZZbNbo oW, EYERIERE R HOEITH T
B kA REMENC X o OB R T OWEHEAMET §
LZtilkoTkEZEELATVE Bl 21X
Krause 1988, Demming-Adams and Adams 1992,
Osmond 1994) o #R5EF v v 7 OB L S 3
REWEER (Mulkey and Pearcy 1992, Koniger et al.
1998). KA b LA (Cornic 1994) 7 L D3R, 3
DR P REVE ST E SN DWW IZ L 5T
(Koike et al. 1997, Kimura et al. 1998). Gl o
JE R IO W RETE 2 & D WEERIEAN D TR ATIE D VT
LNTWabEEZOLNL, b LHMKNTESR LAY

MPEEE TR I NREF ¥ v 7TOEREA ML X
T A PR TRB L 22350 BB E 2 /M BRIc L, W)
B VBRI L2232 K RS 5 & v ) BIMbRE) %
AT 5% 061E et a2 ok L oBgo
PCEMICRLEELZDNRD,

T TARWZETIX, AREED 7 7 1A KA
NTLEROGBRBEOIMI S L CrvBiibieh 2 >
EVIHI A /2T, CORFERGET 272012, TH
XL EBEM ORI D 4 F OB % 1 v
Ty H96 5 BGOSR 3 % AL B T RE MY 451
IZDOWTHIR L 726

2.2 Hik
2.2.1 ERBRICAVAHES LUOEREE
FEEIZIE, TAhHX L AL R E W
(Table 2-1) JKE/NF — V FHTHA X BLOT 1 —
N RTOBENS, FHHOERERIZY S Yoz )
FAERAYIBIAL, 20 = b X N FHER UL,
EBYFFNFEYIFI ) FPEBRBIEM, EA
o7 h X zEBPHBHECTH2 LMUEITONS
(EHH 1981, WE S 1983), KD i3 OB
BRZEHT OIS, /N BT E CTHRI L 724 T %
N=3IF254 POAST TV &=Lz, E
DS LD SMOARIERZ R LK (V9 Y0z
IFXETAFRIEENPOL 2 AR, A=A IN
FLUNKRVE IR BT FFNFIIN6 H HR) 12,
B0 ARFODHEEE K 1 AT O8.7TL ¥ =— LK
v MIBHE L, EEHTH- 280IREBORE ICE W
7oo BRSO EIE. KB OBEFHEO/5.3% T,
1 HO®KGERA BB % E (PPFD) 1k, T
124pymol-m %' Cdh - 72 1 HOH A PPFD i3, 6
7t v — (IKS-25; Koito-Kogyo. Tokyo, Japan)
THSE L7zo B9e4Motiid, kT 5/
HETEEOMSMRIIC B 2R L 13T KT W5
ETH b, MBENOMIRBEDE W ZR/NRICT 5720
oAy METHEBIZTE, 9y AIEEE R 7.
R H10H 212, A L=IEs (N 0 P @ K =14
118016, ZIHENEE) &, 125DKy MIDOE
Tghzle By M HBEIELRVEHITHEIZ2
~ 3K D & L7z B4 TS 7 B E W 22121,
100% D KB (H ¥ K6 A OG- H0%
1532umol-m%s™!) MM ZRER 72K v 2B L7
ke L 2= N O P AIRIZ25.5£4.4TC T, st
D100% KT Tid24.3£5.0C Th o 720 FEERITIH
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Table 2-1. Some characteristics of five species in this study,based on Toyoda (1981), Okutomi ef al. (1983),
and on fieldobservations made in Bonin Islands. Mean seed mass was determined from the mass

of 100 seeds.

Maximum

Species Code Family Form nifsesd ((i::;) c.anopy Sucscte;?;)nal
height (m)
Trema orientalis To Ulmaceae sub-canopy 2.3 15 pioneer
Blume
Bischofia javanica Bj Euphorbiaceae canopy 15.0 25 mid
Blume
Schima mertensiana Sm Theaceae canopy 5.2 20 mid
(Sieb, et Zucc.) Koidz
Elaeocarpus photiniaefolius Ep Elaeocarpaceae canopy 631.0 25 late
Hook.et Arn.
Avrdesia sieboldii As Myrsinaceae understorey 87.5 10 late
Miquel
After Yamashita et al. (2000)
P OZERT ORI, WEADASFIZ50%L . 2.2.3 KEKEE

"G&)’)f:o

2.2.2 yO0O7 4 JvEk

ZERONBIE O] AR LT, 896 TReBH L 7232
DN EDORE & Z ORI A2 T2 72012, 70
07 4 OVHEERISHNE S (MIMI PAM, Walz, Effel-
trich, Germany) #JH\W T2 a7 4 VG E % Ml
L7z BT TR L4 B L. Eotb
2T o FIUE (quantum yield) #36HR. # b
BLUMEL7ze F7200HED S o REMAEIZOWT,
Osmond (1994) 2SEFET 2L T D 2 DOEREIZOW
T Fv/Fm OHEZ T 720 (R TIEROFERE L 72
KT WO Fv/Fm IZk > TR&Eh3) 12X5
TBYERYERIZE  (chronic photoinhibition) . (21815
B & bR DO KB T (o Fv/Fm 12 &
S TRENS) IZX BG4 (dynamic photoin-
ihibition)e BMOMWEDHIIZ, V=72 v 7
(Model 2030-B, Walz) %, HIEZED FIZ21 T, 10
SrHBEEIML S /72, BEEIME S 721210, #oLoFME
(Fo) % #EDFMTHE L7ze #EDRAME (Fm) 13,
HALFR T OB R %ML 2 DI+ 4 % ot
(6000gmol-m™2s™h) 2 1/ B MR 5 # 12 W & L 720
Fv/Fm &, Fv=Fm—Fo 2 X )L 7z

70au 7 4 VEIGRUR &AL DR EIC I,
[ UREE Wz, mAOEAEB#E (Amax) 1E. 590
TTREM L% (Shade-Sun leaves) % W5 W52
BLTHO 1 r HRICIE L7z 720 WA W5MAIC
BLTHh LML (Sunleaves) &2 ba—)L
& LTEPDEFICE W23 (Shade leaves) (DWW T,
RIS I RO A B 2l 5E L7zo LA RO MIE L,
e IR FEHON € 25 (L1-6400, Li-Cor, Lincoln, Neb.,
USA) ZH7z. ERIE % FE S &5 72012,
TS T HER 2 & BOE R B GT % (PPFD)
#1500umol-m %s ' AT (LED 7 > 7) 1247 <
& B304 ST L7z WEid, B30T, KixifiwzE
(VPD) 1.5-2.5kPa, #AE (50-60%). 51t
2000umol-m~%s™!,  COLi1500ppm THT 7% W HEfR A
DR (RILOEBEEZIZL AL ZIT V) &l

7z,

{0

2.2.4 EARDHLVEE

suau7 4 Vo, RROER#EEL 7 oo
7 A VEEIEZHE L7200 LR L#EE W T -
7oo ELGEO 7 BT T 4 VEROEILIE. SPAD
raua7 4l A—=%— (SPAD502, Minolta, Osaka,
Japan) ZJHWCME L7z SPAD OMlEEIE, FEBS
ZEhZEhoEor7oa7 4 vefiithLcruea 74
WVERICHE L7, S 1 o#EIZo &, 6 ~100
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V=774 A7 2REIWY, Foo7r4 A7 00
7 A VIEIIC, 5% 0 OF531E80C TT2WE MRz S &
720 7007 4 VORMEMIS, R CTHE 2 80% D
T NI ANER L, ZOtk 4 T L0505
L. 7uua 74 vzl L7 (Arnon 1949, Porra
1991, Barnes et al. 1992), WS 8720 —7 574 A
713, D LMA (Leaf mass per area, gm 2) & %%

FEHEBOWEIHH Lz EOBEGERBIINCT S5

A= (A3 757 NC-900, fHbaHrtr s —) 2
Lo THE L7z,

WEIRDOZALIZ & D 7% ) FOMH F I O ZAL
BRI D701, B MPIRAER. AR O)E & %
MRTzo WACABGEEE L 7 1 a7 4 Va0t %
EL7EO—FIE, HER FAA: Fvx) »5 %,
IF TN T —)V45%, BERR 5 %, K45%) 128 L7z,
I 7 a b —2 (HM400R; Microm, Walldorf, Germany)
VT, 20pum OIE S OYI AR LllE L 72,

2.2.5 EORREESLVEE

% AL S 2B DH LW EDREF AT O W T
N5 72012, FRTOMEOFERZ K 1 8 i FE Tl
L7z Floy WS 2 cm FOEDOEEE, L%
ZALSEHHEH EZLEETH S 1 7 Hi#Eo 2
WEL, EOMBEER (RGR) 2RI L7

2.2.6 #RETEEART
OO LB BIMLEEIZ OV TR 572

%E

H

He
=

WeSE 1Y

DIT, 1 IERED AT (ANOVA) &1To 720 47
Fricid, SPSSH#EEIY 7 b =7 (ver.9.0], SPSS
Japan) ZwWizo Zuna 7 4 VEOGEUG, YeaREE
N, rvuu 74 VvEs, 7a07 4 )va/bth, BFE
frim. LMA, #E, HiE0REME, BLXUOEOKE
FEEIZDOWT, Koz X B EDOKIEIX. Schef-
fe's test |2 & o THEHT L 726

2.3 #R
2.3.1 EOERHM
G9IETHH SR 72MER 2 228V ESRIFIC S 5§

&L WD & B O Fv/Fm i3EIIET L, 20
HBw o5 Y EEICH 2 72 (Fig. 2-la—e)o. #GET
BT S B AEICIE (day0). WA & B o
Fv/Fm Wi /5 & b E22>72(0.8) o Fv/Fm O T i,
BERIOWEMDIZE ) DHEWIT R OWEM L Y b K EH»
572 Fv/Fm OFIHHKT 0 88 — g, S o2
BER O & BRI SNz, 31 F = 7D
v yux ) ¥id, Fv/Fm OWMPHET 25474 <, i
ICEBBIBO > < HIL L ) FRES ¥ FNF TR
Ao Tzo BERT ORI & JC, W ET & B o
Fv/Fm @32 L$2EHE L T ozdh, B 536
HfEBZIZBWT, Fv/Fm 2506 F CTH72 12 L
DM EEDR e ol2DE, THFOATH 72
(Shade-Sun=Sun, P <0.05, Table 2-2),

FZALHE D Fo DN, BMoOMEME Y K
W1 oW EE DT ) Ao 72 (Fig. 2-1fj) .

T. orientalis B. javanica S. mertensiana E. photiniaefolius A. sieboldii
0-8 [ T T T T 1 T T T T I T T T T i T T T T T T T
e 06 W I i
L
@ 0.4 —e— midday | T 1
02k —O— predawn || i | i |
a) b) c) d) e)
0.0 : — : ‘
061 N 9 h) |t DN Iy
0.5+ T 1
(o]
L 04}
0.3}
02 L L L L L L L L L L 1 1 1 1 1 1 L L L L
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30

Day after transfer

Fig. 2-1. Time course of Fv/Fm (quantum efficiency of PS 11) (a-¢) and Fo (initial fluorescence of PS 1) (f-j) mea-
sured predawn (open circles) and at midday (closed circles) in seedlings of the five species transferred
from a shaded greenhouse to the open site. Error bars showed + 1SE. After Yamashita et al. (2000).
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Table 2-2. The quantum yield of PSII (Fv/Fm) and initial fluorescence (Fo) on leaves of plants kept in the
shade (Shade), on existing leaves of plants after transfer from shade to open (Shade-Sun), and
on newly developed leaves following transfer (Sun), measured on Day 36 after transfer.

T. orientalis B. javanica S. merteniana  E. photiniaefolius A. sieboldii
Fv/Fm
predawn
Shade 0.808 a 0.811 a 0.814 a 0.811 a 0.806 a
Shade-Sun 0.722 b 0.756 b 0.757 b 0.724 b 0.683 b
Sun 0.795 a 0.786 ab 0.798 a 0.789 a 0.771 a
midday
Shade 0.814 a 0.792 a 0.805 a 0.803 a 0.784 a
Shade-Sun 0.586 ¢ 0.675 b 0.652 ¢ 0.678 ¢ 0.557 ¢
Sun 0.716 b 0.665 b 0.736 b 0.74 b 0.636 b
Fo
predawn
Shade 0.286 a 0.318 a 0.318 a 0.284 a 0.331 ab
Shade-Sun 0.31 a 0.289 ab 0.297 a 0.289 a 0.366 a
Sun 0.223 b 0.268 b 0.26 b 0.254 b 0.297 b
midday
Shade 0.253 b 0.302 a 0.303 a 0.294 a 0.331 a
Shade-Sun 0.33 a 0.263 b 0.266 b 0.278 ab 0.298 b
Sun 0.247 b 0.27 ab 0.258 b 0.259 b 0.264 ¢

For each leaf property,
letter. After Yamashita et al. (2000).

Fv/Fm & 138720, Fo o@i¥émo, sy — i,
FARFE D BRI & LRDRD SN o Foo KW
T & B O Fo 25, SUZEALEI ORI D L XV I E
T % HEIZERPUIBE TR L 74 FH15H
THRLFLFENTLAZ Y EAYNFTIOHTH - 72
NAFZTOYIYAL)FEERBIBMO Y <K
VI FREEZ ZFFNF TR, FodR{EIZ23H ML E
Mo Tze MEALD 536 H AL #EEOWE T, Fo A%5#

significantly different (P <0.05) treatment means for each species

are followed by a different

KT CHAIER LD L s e o oDl K
WFETOWEMD T H ¥, B OWEMD T I F, A
VR RAYNFE, BIVYRAKV NI FTHo T2
(Shade-Sun=Sun, P <0.05, Table 2-2),

HEALE R TR TOBMEICBWT, Eoruoay
LIV EROKT 2R S (Fig 2-2a-e), 701
TANERDIET 8y — & BRI OEBER L O
IEBRBRD NS, 7 a8 7 4 VEEOKT 25K

“.‘; T. orientalis B. javanica S. mertensiana E. photiniaefolius A. sieboldii
2 06a) e spade b o Td e, ee—
= —O— Shade - Sun

o —v— Sun

L 04¢ + 1 1l # R
8 v p v

s 02 [ E oo ootmmed | —

<

Q

g 0ol e L L s
= 0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
(@]

Day after transfer

Fig. 2-2. Time course of chlorophyll content per unit leaf area (gm™2) for shade leaves (Shade, closed circles),
shade to sun transferred leaves (Shade-Sun, open circles), and newly emerged leaves under full sun (Sun,
closed triangle). Error bars show + 1SE. After Yamashita et al. (2000).
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Table 2-3. Chlorophyll content, Chlorophyll a, Chlorophyll b, chlorophyll a/b ratio, and nitrogen con-
tent of the five species. Measurements were made on leaves of plants kept in the shade
(Shade), on existing leaves of plant after transfer from shade to open (Shade-Sun), and on
newly developed leaves following transfer, (Sun) sampled on Day 36 after transfer.

T. orientalis B. javanica S. mertensiana E. photiniaefolius  A. sieboldii
Chla+b (gm?
Shade 0.343 a 0.265 a 0.412 a 0.553 a 0.604 a
Shade-Sun 0.135 ¢ 0.191 b 0.192 ¢ 0.192 ¢ 0.258 b
Sun 0.285 b 0.307 a 0.285 b 0.360 b 0.335 b
Chl a (g m™®
Shade 0.247 a 0.184 a 0.362 a 0.374 a 0.428 a
Shade-Sun 0.098 b 0.138 b 0.143 b 0.136 b 0.180 b
Sun 0.212 ¢ 0.218 ¢ 0.216 ¢ 0.264 ¢ 0.242 ¢
Chl b (g m™®
Shade 0.096 a 0.080 a 0.110 a 0.180 a 0.177 a
Shade-Sun 0.038 b 0.054 b 0.049 b 0.056 b 0.078 b
Sun 0.072 ¢ 0.088 a 0.069 ¢ 0.096 ¢ 0.094 ¢
Chl a/b ratio
Shade 2.568 b 2.304 b 2.730 ¢ 2.069 ¢ 2.409 b
Shade-Sun 2.560 b 2.576 a 2.901 b 2.453 b 2.311 b
Sun 2.898 a 2.471 a 3.105 a 2.708 a 2.565 a
N content (g m™2)
Shade 0.561 b 0.484 ¢ 0.533 ¢ 0.852 b 0.736 b
Shade-Sun 0.582 b 0.662 b 0.679 b 0.828 b 0.970 a
Sun 1.202 a 1.207 a 1.009 a 1.167 a 1.129 a

For each leaf property, significantly different (P <0.05) treatment means for each species are followed by a different let-
ter. After Yamashita et al. (2000).

Table 2-4. Leaf mass per unit area (LMA), thickness of leaf, palisade parenchyma, sponge mesophyll of
the five species. Measurements were made on leaves of plants kept in the shade (Shade), on ex-
isting leaves of plants after transfer from shade to open (Shade-Sun), and on newly developed
leaves following transfer (Sun), sampled on Day 36 after transfer.

T. orientalis B. javanica S. mertensiana E. photiniaefolius  A. sieboldii
LMA (g m™?)
Shade 14.904 ¢ 16.962 ¢ 26.150 ¢ 35.073 ¢ 34.586 ¢
Shade-Sun 30.463 b 32.619 b 38.706 b 51.418 b 44.078 b
Sun 53.478 a 44.951 a 59.454 a 72.379 a 54.016 a
Leaf thickness (mm)
Shade 0.077 b 0.221 b 0.146 b 0.207 b 0.254 a
Shade-Sun 0.089 b 0.216 b 0.140 b 0.218 b 0.246 a
Sun 0.151 a 0.308 a 0.215 a 0.268 a 0.248 a
Palisade parenchyma (mm)
Shade 0.034 a 0.044 a 0.040 a 0.049 a 0.041 a
Shade-Sun 0.036 a 0.061 b 0.036 a 0.054 a 0.039 a
Sun 0.064 b 0.110 ¢ 0.066 b 0.093 b 0.073 b
Sponge mesophyll (mm)
Shade 0.022 a 0.123 a 0.075 a 0.123 a 0.170 a
Shade-Sun 0.029 ab 0.120 a 0.089 a 0.143 a 0.162 a
Sun 0.038 b 0.151 a 0.120 b 0.139 a 0.133 b

For each leaf property, significantly different (P <0.05) treatment means for each species are followed by a different let-
ter. After Yamashita ef al. (2000).
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QAR50 T A FT (WIHME L R T28% O
W) DIETAFE L ozDiEy~hkn 2 F (W
il & e_T66% Diid) TH o7z (Table 2-3), 7
AE, A= RAINFR YRV F, BT ST
NF O ABFRIZOWTE G B8 7 HER#HEIC,
7074 VEROKRTIER T LZORE—EDHEE
MEFEL2AS, wovnr /) Foruu7 1 VERIZE
DHLHIEHEIRT Lz, EBRKTRETIC, Zon
TANVERPOYMEE CHEL BRI
(Shade-Sun < Sun, P <0.05) o

a) Sun

10um

Photo 2-1. Light microscopic transverse sections of Sun,
Shade-Sun, and Shade leaf of B. javanica.

LB ICT RTOBEICBNT, 7ua7 1)
alruu7 4NV bAFEITHA LA (Table 2-3),
7087 4 a/b AEREICEINL 0%, 74 F,
KAZVERAYNF, YRV FOIEHT, 20
AL T AETIEEICZOO T 4 ba, A=V RAY
NEFEYIERENVP2FTRIEZZTET T4 VD DOE
LICHAFE L Cnieo BRPIBEO 7T A F¥Lr=r
AYNFTIE, BB S 1 7 HRRBOWEICB W
T BREERVARICEIML Tz LMA IZ3XT
OBFEICBNTHML 7228 EOBEIZBWTHEE
DEELRIINEED SN o7z (Table 2-4), 55
FeH HEIEIC L23E (Shade-Sun) CTHERHLEL D &
EHRAEBICHEMLZ0E, THEFOARATH - 72
(Photo. 2-1),

HOESAETH L B L7232 (Sun leaves) D
KEEREE X, A F=TOY5I0L ) FTd
. ERBENMEOE S ¥ FNFTROED - 72
(Fig.2-3a), EBHPUIMHEOT HFL a2y
INFIL, BEZ L E 8723 (Shade-Sun leaves) @
Amax 1&. 5965 M TR L7223 (Shade leaves) 2
WARTHBEISHE A - 72 (Shade-Sun>Shade, P <0.05)
KFEARE (PNUE) 3. $XTOBFIZBNTE
piit T RO W UR Nt S T A IS
WTHE»o72 (Fig.2-3b) w0z /) ¥, A=V
L AYNF YRV F TR, R B b
TeROBFARFE, BOLRMCREBALZELED
LAWISELTW AL 7 AFTIRER%E L2 5
ERL7Te LLEZ ¥ FNF 0@ EF AR IEHEM
DHER SN 2> 72 (Shade=Shade-Sun, P <0.05) o

2.3.2 EORRRELRE

AR B\ A HER & 590 & HORIC R L 7o HE
BoWihe b, EORMEKITY I Vur ) TR
wr o7z (Fig. 2-4) o FrEOMIERE (BITS+
THSH 17 HENCER L7238 BATHNCAAAEL T
W) L. ZOMMEEEER. THFTRLE
(s B8 FNFTHROS%H -7z (Table 2-5),
Woseth % ZAL S 72 HER OB B2 D AT B =R & 22 D
W ESEEIX, THAXFELAZ Ve A Y NNF TGS
BOHEH L IERTHEISHML TV, 7720
I R CTIEABLEIMIED N h o7z,

2.4 EE
ZEIRBRIE G S MR OB O JUS X, §956T
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Fig.2-3. Maximum photosynthetic rate under high light and high CO2 conditions (Amax) (a) and photo-
synthetic nitrogen use efficiency (PNUE, photosynthesis per gram nitrogen) (b) on the leaves
grown in the shaded greenhouse (Shade, closed bars), grown in an open site (Sun, open bars),
or transferred from shade to the open site (Shade-Sun, hatched bars). Error bars indicate 1 SE
above the mean. Significant differences (P < 0.05) among treatments within each species are in-
dicated by different letters. After Yamashita et al. (2000).
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T. orientalis B. javanica S. mertensiana E. photiniaefolius A. sieboldii
- a) L b) - c) L d) 1 e
—e— Shade 0—049*/0*{‘0
—o— Shade-Sun |[ Qig r i Wm T ]
o0—o——0—0—0
0 10 20 30 O 10 20 30 O 10 20 30 O 10 20 30 O 10 20 30

Fig. 2-4. Patterns of new leaf production for seedlings in the shade control and transferred from shade to full sun.
Error vars show + 1SE. After Yamashita ef al. (2000).
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Table 2-5. Relative leaf production rate (number of leaf emerged during one month after transfer / number
of leaf pre-existed just before transfer) and RGR of stem diameter (mm mm™' month™) at 2cm
above ground during one month after transfer for plants kept in the shade (Shade), and for

plants transferred from shade to open (Shade-Sun).

An asterisk indicates that the differences

between light treatments for each species were statistically significant (**P <0.001, *P <0.05).

T. orientalis

B. javanica

S. mertensiana E. photiniaefolius  A. sieboldii

Relative leaf production rate

(no. no.”' month™)

Shade 0.84 ns 0.38™* 0.25 ™ 0.37 ™ 0.29 *
Shade-Sun 1.19 1.65 0.89 1.02 0.44
RGR of stem diameter

(mm mm~' month™")

Shade 0.210 ns 0.238 *** 0.115 = 0.132 ns 0.081 ns
Shade-Sun 0.261 0.419 0.407 0.153 0.072

After Yamashita et al. (2000).

B L 723 ONARRE D OB E w5 L X)L To
BIMb & BOBICHEIS L7228 LWEEOER & v ) L
NV TOEEE VS 2 DDBMEIZBEBR L TV b, BE
{LBEOMBAEOR R, HZEL OV L EE L XV O )y
THMLEE D ICEN TV BRI, FRC7 7 F T
Folze TAXDOIOD L) RIS, HWEF v v 7
DN T 2 WEUBIZD 2 H ) HEUS & 2 Hpk
DEEDOT N FORAEPIIZHKL TWDH b D LM
bbb,

HOGIZE 5 LN EORE L, B X -
TRRELZEMONTWS  (Mulkey and Pearcy
1992, Lovelock et al. 1994, Naidu and DeLucia 1997,
Ishida et al. 1999a, Kitao et al. 2000), ARIFERIZB W
Th, FETEMALZED Fv/Fm 0@, BEO
EREREERTED -7z (Fig.2-1)o XA F =T D
v yux) ¥ ClE. Fv/Fm OMIMKTFIERD Pk
Mo tze — T BRPHBEOREIZT 2 F I,
Fv/Fm & Fo ®RIEAMOBEE L ) H#HRLhTH -
7z (Fig. 2-3,Table 2-4), JGREORE X, ok
R U O L ZOREEHOM IS L > THESNT
BY. Fold =R T OBEGOMS L BREH D
ZoZEALFIFEHEEILS ALY RI
(photoinactivation) DEIHEZREH L EEZ LN
Twb (Krause 1988, Krause and Weis 1991), A8
78 ClE. Fo & Fv/Fm 23 DD W% 5 EBMZR L7z,
B1ERE T ORI 3 HUWN) . Fv/Fm 45
5O LRFEIC Fo lddgm L7z, 2, BbsR I8
FEVAL L T B KB TR EOR T ) ZERL TV
LEEZLND, H2EMBTIE (3~7H).

Fv/Fm O EH-23A SN, Folddelr THNL7z, 2
NoHIE, LR AAERL LIZ L, #Hllix 5 1)7:
D14 37 B OTERDPIEE o TWB I ERET S
L E 2 b b (Leitsch et al. 1994, Thiele ef al. 1996) o
F3BEMETIE (7T HUME) . Fv/Fm 351 & e & B
L7225, Fo A L7z, ToZkid, BZFHL
FHALER MU BFRERL SN2 L ERTEEZLND,
D82, 3 EREY, LBl (photoprotection)
WHE,. T HAMBETHBELEEZHNS (Demming-
Adams and Adams 1992, Thiele et al. 1996)
FTRTCOBFEIZ BT ED S OEE L HEE S
N7ZI2b b 5T, Eorua 74 VEROEEIZ
oSN h o7 (Fig 2-2, Table 2-3), 2D &1,
AR U omEE 7 oa 7 4 VEE & IZBR 2w
ZEERLTwRERDNG, —fKIZ, 7uu 74 )b
ald, BAERROXIANVF -2 L L2 50D FE
ZEFET, zaw 7 4 b dENMESY Vs Ik
HLaETHL20, zaa7 4 VEDWSE T
7 4 )V a/b OB, HOEEWRINL ZWnWizod o
it chr L Ez2 05, 8512, suu7 4L
GEORA B L OTPNUE O, SeEEEaED S
ANKF I L= 3 VEREENEEEZDTI R I NS
ERRBLTYS (FlZ21F Field 1983), FERIZ AW
TeBFEOR T, B S AE L o suu 7 4
Voa/b WS, WL TR LZELERE NP7
D, T HFDAT 572 (Shade-Sun=Sun leaves)
(Table 2-3)o 72, HEZAL S EEOBERAINZ)
RPENETH IR LX) b E L ko7 (Fig
2-3)o ZNWZ., 7 HFIMMOBH L Y RIS
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HEARRE (Zoa 7oA aF )4 F) REHANVEK
FUL—2a UBEE RUBP 7 VRF T L—2ar®
TAERER) NERLZmELTWEI0EEZBND,

ZZTHWwA “BIMt acclimation” &1, §9564
BIIEAN ENABAL L7812, e LS 2115
AL TS, §90THRRE LS04, BRERMNE
L EHT H, — ), “WHMH plasticity” &, —&E
DONGEHETTHH UERL7-2E0ME O % ks
b0 HIGTIRR L723E L Mt TR L2EDONERD
WL, RS F = 7 R BRSO3 S A
BEREBNBHEI ) OEVWESbRh T (Bazzaz
and Carlson 1982, Givnish 1988, Strauss-Debenedetti
and Bazzaz 1991), ZDZ L%, RFEERTH A UEE
THY, "M F=T70yIyux) FIEMETHRRL
7oREL HE TR L 72 3O RO A B O A — %
o7z (Fig.2-3a), LA L. WOGTREM LS
SOGCRRM L2EoWMBENEwE s T, 3L
TZEALRE AL L T B D BIMLEE I S v ) T
L TR BP0z, EREASELEORINGA AN
oI, BRPIBECE RIS T AXF TEI o2
N I Tur) FTRENTERMIEED SN h
o7z (Fig. 2-3)o WO RD, A=A b7 T
OMETL IHEINTBY, ERWNBECTH 2
Omalanthus populifolius DFGIETRER L 72313, Ul
Wl & 5 SN7ZBEDOBIMLRE I MK ER T UL D
Duboisia myoporoides (& \WEI{LEE T 2 /R L 72
(Turnbull et al. 1993) . AREE T, HEELEE72
T 7 FDOEDRNNA AN & HERAFE O S 1358
Lize SOZERDL, THXFOFETERLEOH
WANOEIMEIZ, O IR & AL I ol
FIHAFE LT B W EEMEAYRIZ S 7z (Chazdon and
Kaufmann 1993), BIO#FZE12B T, Kamaluddin
and Grace (1992a) ix. 7 % ¥ O TR L2381,
Bt (1200umol-m™%s™) 125 5 L7zBIC, iRk
NEREOWMFFAHEMLU Iz LME LTS, Lol
AREBTIE, EEOEAIZED S Lh o7z (Table
2-4) o 2 DDEEKERDENL, BELLELLEE
FHDOMEDFENZL B DDOTEARVHE BbI s A,
DR W & AALF I ZAL DA R OB 3 %
WEIE, SR MENLETH D,

b LIEZEOBILRE I 2R, # L BRI
B L7232 LR L THWREE &R 2 5 2 &1,
AR L XNV TORMLZBHEZ L DIZHERTH % & H
bbb (Newell et al. 1993, Lovelock et al. 1994) , i

B DR T T XA E|F D Alocasia macrorrhiza
Tl 5506 LA L7, 86T L
TEAREOHLIERO 5T L WEREA~O L
W - TEEEMEML SRR S 7z, RESED S 2 H
DEIIBVWTTHhobESIN TS (Sims and
Pearcy 1992), 21w 2. AR L XV OB DFERFZ
fbid. BEALHNCAFTE L T B WEDELO A 7% 5
T LOEORMEEICDIEFEL WD EVwR D,
77 YuL ) FOFETRM LR~ 08I
NME o 72720, FHLOWHEEZRERTAZ LICE
BREEET 2L, HEL XV TORHIcE > TR
w3 (Fig 2-4, Table 2-4), BB T
DIFICT H F1E, DAL T B AN L T30
EWHLEE D EF L wEER RS2 2 0w) 2D
DUHZEELER->TBHBY), TN L%
D, XEOREROHRIZOGN-sLEbh
(Table 2-5)

BB OT 2 & F 37 1d, A A B
DI LVIEED B HEE D OB X TERY - 72
(Fig. 2-3, 2-4), ¥ =Kk M FTIE, RAEEK
MW, a7 4 )b a/b i, BRAMBRIIBNT
REOEBWEMEAFER S, Hr L WD R HE D €
78 FNFICHANTED» o720 2§ FNTIIMAT
HEETHEATH L2205 W UEBBUBHTY <k
Vb FIEIMERICR S 2 L0 5 BLEE OEW I,
TNHOEIE (Tb b MIEARPHRNPERAR2)
G LT EbDEEZLNEAL KD kA
A&7 XY I OEHHIAETT LA TTETHIE S
TBEY . WEROE S & AR EATECIE, 3G
WEBREAR Lo T HEEINLTWDS (Lei
and Lechowicz 1990, Sipe and Bazzaz 1994, 1995),

T ORARINZ, AR ORER S, BROEE)
Py FRRBELOERELR SV L OO ERRRORR &
WL R H S (B 21X Tilman 1997, Smith and
Knapp 1999, Stohlgren et al. 1999) . /NFJRFHE O X
I BPEPERIZ R ORI LTz, fE kA s
HBTN—T O ERL FOLEIEDR, G
BIWED72DITHEF IR R EOERT, b
P ORI LTREL D BTN EEZS
NTws (Bl z21F Loope et al. 1988, Vitousek 1988) o
INH ORI, HRFEAER T & 2 FIRN 22 A3,
WERICHFET AL ERETLEDEEZEZOND
(Simberloff 1995, Stohlgren et al. 1999) , KFE T
BPIEDOD ETHEE L. ARMICERZFHTE 558
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Gy %M Z72ARANE, W CRBOBRBETICBWT,
BOTERMED LD DOEMNTHL2WRELDH S
(Pattison et al. 1998)s L% L. JeABibkfECEZE
(LIZFRD S NZBMLRETI O & O Z4tEiE. WAbCE 4
OREY A SS9 220, RERIYICZEB) L 72 M S 0
BERBEZMNTIEBVTCOAREINLZDDOTH S
(Chazdon et al. 1996) L7225->C. Je5ftom i
3B EWEIMLEE ) & NEEFEE TOREIC X 53
B &R IREOHMAGLED, THFOEA
WHOBRELZEND 1D THDHEEZbND, R
DL RRIE % R4 LARRAE 2 ) R0l % 72012
V. AR & TR R AT O A A R IR A A S o
WC, WHTOES SR BEDPUETH S,

EI3IE RREOEERLIERODEDEEN
Bll{bRES

3.1 [FU®IC

BRIAEF T 2HARICE > TF v v 7OEBI,
ZOBDOBMERCEIIHN LREELZHZR-LTw
bo Lar LIOKEY) & D5 R EAR DB DRI
X0, FHoRHE Edi2xry FIIMEL, 23
L DOWEVIRBIZR D0 % < ORI, MIEITE L TH
AT B FTIMEIADF v v TOREPLETH S 2
L H 5 (Canham 1985, Poulson and Platt 1996). #it
BHZ & o THRERBEO BN 3 ML O A 2% 537, i
AT B BULEET DV, EDHRDAETERERD
FaEzREDITFTLDICEETH 5,

BT BB T ICAFT T2 OLFIE -
Ty L~V EfER L NV OBMLO EEMIE, %<
DRFFEIC & o THH SN TE 7 (Strauss-
Debenedetti and Bazzaz 1991, Kamaluddin and
Grace 1992a,b, Sims and Pearcy 1992, Newell et al.
1993, Turnbull et al. 1993, Lovelock et al, 1994, Naidu
and Delucia 1997, Yamashita et al. 2000), YGIREED
AR S 2 HFIPEE, UL 5 Daiih S L
TWAHH LI (Kamaluddin and Grace
1992a,b) #H L WIRBRBICHIE L 2 ¥ 0 kK
(Strauss-Debenedetti and Bazzaz 1991, Mulkey and
Pearcy 1992, Sims and Pearcy 1992) 2L > THEH
LD THbo 2B B EBRKERETIL. WAL
7eREOBIME & B LVORBRBES#EIE L 723 0 Bl o 5
WCBWTENRTWZT I FH, EROSA 4 = 7 Fifl
REBRPHBIOCHBMBEL ) QRSS2 o7

(Yamashita et al. 2000) o

VLT b T & 2283 212804 { 1d. ok
AL S DL AN T LT 723 DRI LR,
BB VIIEE AL ST O H 7R L7204k
ZHRIZDBDOTHY, Eilz EMEICERL2DOTIX
Lholze LA L. EBOAMWIEEOY — 27134631
DEMBORMHM T LI —HET. ©LAERMPED
Far L BREDH B EEZ LN TS (Ho ef al. 1984,
Koike 1990, Kursar and Coley 1992a, b, Miyazawa et
al. 1998, Ishida et al. 1999b) . HEDJEBEFEICB T 5
B D 720 ORICHEBREEDZALIZIE, Fi2o
DY =3B Y 1 DI BRI BE T O
JEBH & EITHEI L L FEhAR O J Bl T RIS R KA E
T 580 =T, b ) 1 DI AIEA B 1 HE kL
DR & & HITHINT 225, FEREOREHKE TR T
IR E LTI, RITET 5 £ TIZRM D25 /%
Y=Y Thb, WMHEDLD H/NF— &L DY
normal greening fli & IFIE, BED LD RNy —
%L BRI delayed greening fli L IFIZH T 5
(Kursar and Coley 1992a, b) o L7435 T, JEERHED
ZAL L 72BRC BT, B2 B L L7 R ko
A3V ORI KBNS, HEOBHMLAES DI
B CTWBUWREMEDH B, TN E TOMZETEHEHIC
A7 U 72 BB IC D W TR 72 b o 3§ 7 <
Sims and Pearcy (1992) 327 7 XA €J5 D Alocasia
macrorrhiza 22T, Brooks et al. (1994, 1996)
P I B D Abies amabilis |20\ THE L TW AR
FEHO R B EORIMLRE)) & KB DERERE & D
FRIZOWTIRIED RV,

Z T TARWIZETIE, B2 mERMKICT 7 ¥ LER
B PO S BIERME 2 W CL EomB & A
D) DZACITK S 2 B D 7 B O LY IE
BIMEEETT DN IZ DN T L 72

3.2 Fi&
3.2.1 EBERETE

7 H X (B. javanica) EAEKBHoOY 7 Yoz
7 % (Trema orientalis, 754 +=7), A=Yt XY
INF (Schima mertensiana, BT, ¥ <&V b
7 % (Elaeocarpus photiniaefolius, ERX%M) % H
W, MEICBI BEREATo 720 FEBRII/NGEGHE
FEEPHERE L CTE T2 v, KE-S CEhio
BB AT NRZEICB W TITo 72, HEBHILLT @
4 DODNEMT (e 2 KEOR URBESMICH
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ESNTZME) THF L7z, (1) HH & © EEBR#ET (14
) FCHOLTAE L7z. ) HL &t i 758
IR THEE S RICHTEICHER 2 L, 7 BE
H L7 (B)LL 4eff @ BT (14:HRE) F THHLT
HE L7z ) LH G o 7 HEEETEE &
7o121T, OGS L 7 OEMARTE L7z, BT O SERAK
TOBZEIZ BV TRELEORND 1 7 ¥, 20
BOMBOEFERREICE > THETH S LESN
TH D (Huante and Rincon 1988), L 7zA%-> TARZE
BRToONREABOHB OEFTYMZ 7 HEIZREE L
720 FEBRBMA S T EMFEEIC, oM 2R Y
PO BISREMHTICH W AL, S 7 B R
BOFEEK TR, RIOGEREE, zua 71 Vg
W, BREGE, EEEZNEL. TXTOHEMS 2 9 ) I
D RSN 21T 5 720

3.2.2 &£B%H4

ENFNOBEOM I, N—3IF251 P2 A
N7=75 05 =1L 72, MEfticiz, HIc2 ~3m
Kab 27z MBS RED SMORELIER L7
BRI (759ax 37 X301 2 Hk, o=
ELAYNFEYTRVE ) FIIN6 2 AR, ThE
NOBHEIZD X 24E RO % 1 AT 28.7TL oL
==V Ry MIBH L., EhENI12MEHRT D 2 DDl
FITEW2, TNENORENTOMIRBEDE % i
IBRIZT B 72012, HE AR 72 =— LRy b ofiL
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Fig. 3-1. Definition of plastochron index by successive
lamina length.
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DI, EHIEFNZRORY M, 1 /5008 DA
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3.2.3 Leaf plastochron index

ORI REIC & 2 BIMLRES) D IZ D W TIERE
IZR % 72912, plastochron index (P.I, Erickson
and Michelini 1957, Lamoreaux et al. 1978, 5 JI
1981) =MW T, JEREM 2 LHED & BE D i B B g & D
L7 FEBRBAEED Sk L R L T 2%
DEE%, 1~2HBXIZTXTOEEKIZOWTE
L7zo HEEIICEERD, #idhc3Eg o S oWz &
L, BOREHEM BT, #lZ1E%E n—1,n,
n+ 13T —MIC Fig. 3-LIR$ L 912, 1ZIZFE LW
FEBOWTPHTT AEMICEREINE, DO L
R (L) ZED, FanEORIPBL LI EL IR
S5 EDOPILEn LT b, HEORENtIZHBITS
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Fig. 3-2. Leaf plastochron index.
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LCEMT2 2HROEORREHENFLV &, (3)
BOHALD—EORH MR CTHEL 2 & WIEIERDE
WORSIIHEICWD & D405 M%% LT
WRLENRD Db, FHOEFIZHE T, FEORHE
(leaf plastochron index: LPI) (. Sims and Pearcy
(1992) OFHFET L D FEL720 TOMHETLPI= 01,
Hr) EEBASKTLAEETHLZ EE/RL, LPI
DA F AR, FZREHBRTOE, 7T AHEITT
KEMOBRT LN wETHL 22T (Fig.
3-2)0 BIZIE, B &) EIEMDHT L72%EA LPI=0T

HLDOIZX LT, LPI=+11ZZD 1 DwjiIZERM L7
HWETH Y, LPI=-1I1ZZFORXRIZERLH LW

WTHDHILERT, ERIT, 2SI HET
THMIE L, WAL ETo®ED LPI g L, %I
OB K3 5 LPLARAEMELZ D THEMT L 726

3.2.4 XEREEDRE

HZALD S 7B REMEEZIC, LPIERELT
RCOEORAICAE AL 2 WE L7z, eEEiE. b
BIAAFCN EZEE (L1-6400, LiCor 413 % v Tl
E L7z WEDHNT, MBI A7 < &b 305 M, kR
PPFD #500umol-m %' ® AN FIZiE W 720 ek
A R E ol g 1k, B30T, KA filn A
1.5-2.5kPa (M %} % )& 50-60%). & &
1500zmol-m s, COL# I 1500ppm THIZE L 720
3.2.5 yO07 1)L, B%., EE

run7 4 VvEERERR. BAKRNEET- 72
OLRUEZHCCTE L, 7087 1)V, EBHK,
EEOWE I, H2ED2.2.4 THENESBI O
BE ) 2RI,

3.2.6 BIME3E% (Leaf acclimation index)

BE DRI DWW TEHIi§ 2 72012, JEEALIEIC
JEBAET L7223 (—0.5<LPI<+0.5) Z2WT, P
ToR %M CTHIMEREE (acclimation index ; Al
%5€7 L7 (Yamashita ef al. 2002),

Al for LH transfer leaves = (Apg-Ary)/(Agu-Arr)
Al for HL transfer leaves = (Agr-Ann) / (Arr-Agn)

App & App &, AOGE BREE R B RFT R
(PNUE) 7 EDHEDLB /ST XA =5 =T, Apy &
App Z—ED§tE L OHE Tl L 72 R U b B

FEDOEDEIIYNT A= —DFHHTH S, L
Al> 1 ThE, LMz S ST LVWG
BEAOEERIME. & LZEnD RICEMEL 722
EaEKRT S, b LAIOTHNE BUE2rZwnwE
EERERT S, T 0<AI< I THIE, #BOMW%
BIALASZRD sz 2 & 2 HRT 5,

3.2.7 BERER

FZALI & EEORBZIC, FNEoOBICo X
6 EARDOHES 248 D LY . THICokisis, MR ¥k, 3
25Ty 80C CT2WEMIRZIE L7z, Wl S 500, %
iR %2 3 miAERE (L1-3000, LiCor #H#) TMlE L 720
M3 K E®R (RGR= (g g'day™h), Mi{LR (NAR,
gemZday V). #EWf (LAR, cm®g) % Hunt
(1982) OF AL Y LLF oA TR L 72,

RGR = (InWty-InWt;) / (to—t1)
W: &t ko imE (g
NAR = ((Wty-Wty) /(t2-t1)) -
((InAty-InAty) / (to-t1))
A: RO RERTE (cm?)
LAR = RGR / NAR

t: FEf (day)

3.2.8 HiEtERAR
ST (ANOVA) 2 VT, ZE0JE Bl MU,

WIMLIE R OFERIIC X B3 & MR, MEALER,
FEMMBILOWHMIC X 21EVERE L. TNHDN
T A—=F—=IIBF B PFHHEOEDOMEX. Scheffe’s
test v 7zo FOBIMLEE)) O LPI ~D R % &7
filig %7212, mAICABAE, SRANRFE, 7o
U7 4 0vERE, zaa 7 40 a/b b, SEHEEE I
MM (SLA:m%gh), BEEIZOWT, FUH D
oM E YR 2R Lz, 7= 7138y 7 b
SPSS (version 9.0], SPSS Japan) % JH\THEHT L 726

3.3 &R
3.3.1 EDOER&E

Wikt L7z 2 MOEDRMKE T ETICET2HEK
. EEEMTY S Va0 H, THFHU.3
He A=Y X YNFD4.7TH, Y<KV D F55.6
HTH o720 —~HIPLEMATIX, v Vuax ) $2%5.3
Hy 77 X8.6H, A= XAy NF12.8H, Y=<k
VI F11.30TH-7 (Fig. 3-3)0 EOR SOt
Bl A L OBRDS, IZIZTEMTH D Z Lh
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Oy EORRINY — ik, TXRTOFITBWTIREM
THbHEVZ D, TRTORMIZB W THED R AE I,
AL L D bR, A F=Toy IV F
TiD L ERGBIBED <RV b FTRLIE
L BRPBEO7 A FL LAV XAYNFIZED
M <TH o7 (Table 3-1, P <0.05),

Low light

HEAMEZERGS  SR65B A1

3.3.2 EORMBREICH T 2EENEIL

HREE X OEL TR L 7230 i Kb A B
. EREBRICE o TRAEDZ NIV ERL
(Fig. 3-4) o W 5 ¥ 0L ) FOEDHEINGE S xli
G o L H 5 ThH . EHASIZIIRT L%
<\%@&$m@ﬁmaa$_maut<mg&%u
ZFNE RIS, ERERIBEO YRV N FO
SOGTRER L7253 Cld, R T B OE B

High light

T. orientalis

B. javanica

Log (leaf length, cm)

S. mertensiana

E. photiniaefolius

Days

Fig.3-3. Time course of leaf elongation for species of leaves in representative low- (a-d) and high- (e-h) light plants

of the four species. After Yamashita et al. (2002).
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Table 3-1. Mean rates of leaf emergence (no. of leaves / month) for high light (HH)
and low light (LL) plants of the four species.

Leaf emergence rate
(no. of leaves / month)

Species High light Low light
T. orientalis 7.33 a 5.66 a
B. javanica 7.00 ab 3.50 b
S. mertensiana 6.33 bc 2.33 ¢
E. photiniaefolius 5.33 ¢ 2.66 ¢

For each light treatment, significantly different (P <0.05) means among species are followed by

a different letter. After Yamashita et al. (2002).

EHIIN LB S0 H AR L 22 T H A IR R s g,
SOLTHR L 72 ORIOUEREE S . —EDfiz iR
L7z (Fig. 3-4b), BERPHIBEOT7TH ¥ szt
A NFOHOGTHER L3 Tid. ERE T2 5820
Hig# L7220 cE—2 L ). ZOHERC»IZHL
L7zo L2 LESHETRM LTI, RAGARHEE
DI TFIZFRD SN o 72,

YT IVUL ) FETAXOEDOERIEIEILER L

30

EHITWA L, FICHOLGEMEDY 7 YaxL ) F TEA
WELh» o7 (Fig. 3-5a,¢)0 —H. A=Y ERAIYN
F LB FTIE G EFEOM G IZBWT,
B & WML & ORI S 2 PR IZRED S e A
-7z (Fig. 3-5b, d)o FEOEREE DM L& FHHIC
BUFs®EIE, v Vzon ) FTROKRE L, FRICE
WO VIEIZBW T - 720

a) T. orientalis

25
20
15
10

b) E. photiniaefolius

Amax (umol m_25_1)
8

20 | %

-60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60

Leaf age (days)

Fig. 3-4. Changes in photosynthetic capacity (Amax) measured under high PPFD (1500mmol'm?s™) , and high

CO» concentration (1500ppm) with age for control leaves grown in high (HH, open circles) or low (LL,
closed triangles) light for (a) a pioneer 7. orientalis; (b) a late-successional E. photiniaefolius; (¢) a mid-
successional B. javanica; and (d) a mid-successional S. mertensiana. Leaf age is defined with reference to
the point at which they have just reached full expansion (day 0). After Yamashita et al. (2002).
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H65% W1

a) T. orientalis

b) E. photiniaefolius

Nitrogen concentration (%)

-60 -40 -20 0 20 40

60 60 -40

Leaf age (days)

Fig. 3-5. Changes in lamina dry-mass based nitrogen concentration with age for leaves kept in high (HH, open circ-
les) or low (LL, closed triangles) light as a control Leaf age is defined as in Fig.3-4. Panels (a) to (b) repre-
sent the same four species as given in Fig.3-4. After Yamashita et al. (2002).

3.3.3 RZTMEICE B LD HEREENDEIL

B BIEMITB L TH S 7 MR ORI
BRGEE OZIE, B OED BB (T2b
HLPD) AL TBY. 208 b8y — VidffIC &
5> TR 5T (Fig. 3-6, 3-7). FEDBIMLEE &
LPI DKL & OBIfRZ Mg T 572012, Fig. 3-6
L Fig. 3-5 a2 b 3¥7-23 (HL 3, LH¥E) .
ZALSEFICZOF FONSMICB W% (HH %,
LL%) oMoME 2tk iz, voyux
JFOHL #ofixid, HH# XY /&< (Fig.
3-6a). ZHMIZL DIV HL 3 (LPI<0) 2BV TH
KEEEHEESET LTBY . B LPLRAE M2
HAHZLEE®RT S, B LHLZE (LH2E) oOfEx)
HH % (LL %) L FArchiud, LPIRFHEIE R
ZlERY. £72. HL¥E (LHZE) o tyho
W25, LL 3 (HH #) 0 o0& AEEIRTUL,
Nx ZAb S - EII BB OGN L U LPLKASE
DN — &R L, BEGIULPRD N2 L &K
K9 %, a2 TG 2, HHBEE LL 3
OYF EDBDIET, SHIZZDELEL EDFRICHE
B BWEE. ORISR & 222 L 2R, Bl

ZE v vue) F0ERAMPRIZOVT, LH
e LLEOME IV TH 00 IER L - T
Wiz (Fig. 3-7e). 2D Z kid. BMLIZiED SN 58
LPI NOHAF G e 2 & #FEKR Y 5,

Table 3-2Cld, #HNFEMAMTHEHE LYK % LK
L7HER 2R T o ARG E B IZ D W B o LPI
KA OWTIRE LA R, 7o un ) %eT7h
FTRPMEIS LPIHKGFED RO SNzl L. &
<AV b F TR LPHREEIZRRD S e h o7z,

RACEBEEOM X IZOWT, w9 Yyax ) F
DLHZEEL HLEE, A= AU NFOLHE, Vv
AV FOHL L, e ohi, 7
71 ¥ O LH EORIAEBAEIL, Y b b HE
HIDDHEEIIKREL, HILWHRBEICBIT 250 M
PLEWCHMEDSiE & 722 & 233 % (over acclima-
tion) o

FERAHRFIZOWTEIMED LPIAKAEEIZ D W
THELMER, 7HFOLH#EEL HL#E, w5 v
I/ FOHLYE, L=V AIYNFOLHEIIBNT
B LPT AR AR S s, <RV b F
T3, HL % & LH 3B LPTKAFA IR &
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Fig.3-6. Changes in photosynthetic capacity (Amax) with age for leaves in the four species grown in high light
(HH, open circles) , high to low light transfer (HL, closed triangles) , low light (LL, open squares) and
low to high light transfer (LH, closed diamonds) . Leaf age is defined as plastochron index relative to the
leaf at full expansion at the time of transfer (LPI=0).*P <0.05; P <0.01; *™P < 0.001. After Yamashi-

ta et al. (2002).
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Fig. 3-7. Changes in photosynthetic nitrogen use efficiency (PNUE) with age for leaves of the four species grown
in the four light treatments: HH, HL, LL and LH, defined as in Fig.3-6. Leaf age is also defined as in
Fig.3-6. Asterisks represent significant levels as given in Fig.3-6. After Yamashita et al. (2002).
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Table 3-2. The slope and intercept of the relationship of leaf developmental stage (LPI) at 7 weeks with
photosynthetic capacity (Amax) and photosynthetic nitrogen use efficiency (PNUE) at 14 weeks
(comparison of slopes). Acclimation of Amax and PNUE at 14 weeks for leaves which had a

LPI=0 at 7 weeks (comparison of intercept).

T. orientalis B. javanica S. mertensiana  E. photiniaefolius
Amax (gmol - m™2+ 1)
slope
HH -1.49 a -0.62 b -0.29 b 0.85 a
HL -0.31 b 0.32 a 0.59 a 0.71 a
LH -1.55 a -1.67 ¢ 0.10 ab -0.44 b
LL -0.47 b 0.08 a -0.55 b -0.09 ab
intercept
HH 8.12 a 12.64 b 14.24 a 18.35 a
HL 7.39 a 9.75 ¢ 10.05 b 8.31 ¢
LH 6.85 a 14.97 a 13.43 a 14.94 b
LL 4.13 b 8.24 7.00 ¢ 7.47 ¢
PNUE (zmol - m2+ s71)
Comparison of slope
HH -0.74 b -0.65 b -1.02 b 0.31 a
HL -0.14 a 0.24 a -0.92 b 0.44 a
LH -0.49 ab -0.94 b -0.01 a 0.12 a
LL -0.42 ab 0.25 a -1.34 b -0.05 a
Comparison of intercept
HH 13.84 b 17.55 a 17.76 b 11.30 a
HL 11.19 ¢ 13.84 b 12.63 d 7.78 ¢
LH 15.82 a 18.60 a 21.86 a 12.03 a
LL 11.22 ¢ 14.91 b 14.64 ¢ 9.00 b

The slopes and intercepts for regressions were derived from Fig. 3-6 & 3-7. Significant differences (P <0.05) between
treatments are indicated by different letters. After Yamashita et al. (2002).

T7 40V a/bloZiE, ElZr7ea 74 0b 0%
BI2& B b D72 572, LPI=0#EIZB W TR EMLAS
BoObLN0IE WHOKE), vSYyrx /) F0
LH¥orzuoa 74 Vs, 7HAX¥OHLEO 7 00
Talvabl, YAV FOLHEOREERT
%72 (Fig. 3-8, 3-9, 3-10, Table 3-3), 7 # ¥
OHLEOZTTT7 4 )Va/blbid, 70074V a,
suaua740Vb O GBECHAETE/LIZZ LI
$2bD7Eo7, REWRELTIE, vV F
L7 AF¥FOHL#E, LH#ED, SLA #HEEFEIZBWT,
LPIRAF DSBS Sz LA L Y~ F IV b 2 F Tl
I LPIRAF R B b e b o 72 (Fig. 3-12,
Table 3-4), A=Yt XY NF D LH H#EDOHEE % v
T TRTOMFD LPI=03 T, SLA & #IEDHs5

WBIMLASTR b7z, B REIMEATRD O N7l
X% h o7 (Fig 3-11, Fig. 3-12, Table 3-4),

3.3.5 BRIRTE (—0.5<LP 1<+40.5) DEI{baE
|

WAL IR 25 T L72% (- 0.5<LPI<
+0.5) OAEHYHLZE. BIMbiEE (AD %W Cat
L7 BMLIREafnhic, HH 3 LL 34 #m
INT A — & — i (F b B M | Bk TR
ZRENC L7z 2 k9625 7 TR L7z (Fig. 3-13a-d).
THFIMOREL Y B RIEA B & ERFINE)
ROPULIFEULE 22 o 7225 B A 5 720 S5 1S
T h X KA B OBIMLIEEANFIZ 1 b LL
F 1% EEoTw (Fig 3-13a, ¢)o mARGA M
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Table 3-3. The slope and intercept of the relationship of leaf developmental stage (LPI) at 7 weeks with tot-
al chlorophyll content, chlorophyll a/b ratio, and nitrogen content at 14 weeks (comparison of
slopes) . Acclimation of total chl. content, chl. a/b ratio, and nitrogen content at 14 weeks for
leaves which had a LPI =0 at 7 weeks (comparison of intercept).

T. orientalis B. javanica S. mertensiana  E. photiniaefolius
Total chl. content (g + m?
slope
HH -0.05 b -0.01 a 0.05 a 0.02 a
HL -0.03 a 0.01 a 0.06 a 0.01 a
LH -0.06 b -0.05 b 0.07 a -0.01 a
LL -0.02 a 0.00 a 0.10 a 0.06 a
intercept
HH 0.29 ¢ 0.57 b 0.73 b 1.07 ab
HL 0.75 a 0.63 a 0.91 a 1.11 a
LH 0.30 ¢ 0.66 a 0.53 ¢ 0.84 ¢
LL 0.50 b 0.56 b 0.69 b 1.00 b
Chl. a/b ratio
slope
HH -0.03 b 0.00 a -0.01 b 0.02 ab
HL 0.01 a 0.01 a 0.02 a 0.02 a
LH -0.06 ¢ -0.06 b 0.06 a 0.01 ab
LL -0.03 b -0.01 a -0.03 ab -0.01 b
intercept
HH 2.56 a 2.25 a 2.60 a 2.37 a
HL 2.52 a 2.13 b 2.51b 2.05 ¢
LH 2.51 a 2.30 a 2.57 a 2.27 b
LL 2.33 b 2.16 b 2.36 ¢ 2.02 ¢
Nitrogen content (g+ m™2)
slope
HH -0.06 b -0.01 a 0.01 b 0.03 a
HL -0.03 a 0.01 a 0.06 a 0.03 a
LH -0.08 b -0.14 b 0.01 b -0.05 a
LL -0.02 a -0.01 a 0.03 a 0.00 a
intercept
HH 0.58 b 0.81 a 0.80 a 1.59 a
HL 0.66 a 0.70 b 0.72 b 1.09 b
LH 0.44 ¢ 0.89 a 0.62 ¢ 1.54 a
LL 0.37 d 0.55 ¢ 0.48 d 0.83 ¢

The slopes and intercepts for regressions were derived from Figs. 3-8, 3-9 & 3-10. Significant differences (P <0.05)
between treatments are indicated by different letters. After Yamashita et al. (2002).
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Fig. 3-8. Changes in lamina total chlorophyll content with age for leaves of the four species grown in the four light
treatments: HH, HL, LL and LH, defined as in Fig.3-6. Leaf age is also defined as in Fig.3-6. Asterisks rep-
resent significant levels as given in Fig.3-6. After Yamashita et al. (2002).
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Fig. 3-9. Changes in chlorophyll a/b ratio with age for leaves of the four species grown in the four light treat-
ments: HH, HL, LL and LH, defined as in Fig.3-6. Leaf age is also defined as in Fig.3-6. Asterisks repre-
sent significant levels as given in Fig.3-6. After Yamashita ef al. (2002).
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Fig. 3-10. Changes in nitrogen content with age for leaves of the four species grown in the four light treatments:
HH, HL, LL and LH, defined as in Fig.3-6. Leaf age is also defined as in Fig.3-6. Asterisks represent sig-

nificant levels as given in Fig.3-6. After Yamashita et al. (2002).
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Fig. 3-11p. Changes in SLA with age for leaves of the four species grown in the four light treatments: HH, HL, LL

and LH, defined as in Fig.3-6. Leaf age is also defined as in Fig.3-6. Asterisks represent significant
levels as given in Fig.3-6. After Yamashtia et al. (2002).
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Changes in lamina thickness with age for leaves of the four species grown in the four light treatments:

HH, HL, LL and LH, defined as in Fig.3-6. Leaf age is also defined as in Fig.3-6. Asterisks represent sig-
nificant levels as given in Fig.3-6. After Yamashita et al. (2002).
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Table 3-4. The slope and intercept of the relationship of leaf developmental stage (LPI) at 7 weeks with
specific leaf area (SLA) and lamina thickness at 14 weeks (comparison of slopes). Acclimation of
SLA and lamina thickness at 14 weeks for leaves which had a LPI =0 at 7 weeks (comparison of

intercept).
T. orientalis B. javanica S. mertensiana  E. photiniaefolius
SLA (m*- g™
slope
HH 0.001 b -0.001 b 0.000 a 0.000 a
HL -0.003 ¢ -0.003 ¢ -0.004 b -0.002b
LH 0.004 a 0.002 a 0.001 a 0.000 a
LL 0.000 bc -0.001 be -0.001 ab 0.000 a
intercept
HH 0.022 d 0.025 d 0.024 d 0.015 d
HL 0.049 b 0.042 b 0.035 b 0.023 b
LH 0.036 ¢ 0.033 ¢ 0.031 ¢ 0.018 ¢
LL 0.089 a 0.056 a 0.046 a 0.032 a
Lamina thickness (mm)
slope
HH 0.001 b 0.006 b 0.007 a 0.002 a
HL 0.007 a 0.013 a 0.005 a 0.007 a
LH -0.007 ¢ -0.012 ¢ -0.005 b -0.004 a
LL 0.002 b 0.002 b 0.011 a 0.005 a
intercept
HH 0.134 a 0.306 a 0.186 a 0.266 a
HL 0.116 b 0.280 b 0.158 b 0.232 b
LH 0.090 ¢ 0.239 ¢ 0.143 ¢ 0.198 ¢
LL 0.078 d 0.201 d 0.134 ¢ 0.177 d

The slopes and intercepts for regressions were derived from Figs. 3-11 & 3-12. Significant differences (P <0.05) be-
tween treatments are indicated by different letters. After Yamashita et al. (2002).
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Fig .3-13. The relationship between plasticity and acclimation index (AI) of two parameters of LPI=0 leaves in
two transfer treatments (HL= high to low light, and LH=low to high light) . The two parameters are (a,
¢) Amax, (b,d) PNUE. Plasticity is shown by the width of the bar on x-axis defined by the values of LL
and HH. The Acclimation Index (mean = 1 SE, plotted at the average of HH and LL) indicates the de-
gree of acclimation transfer leaves from H to L (upper panels) and L to H (lower panels) exhibited. For
example, AI=1 in HL means transfer leaves have achieved values identical to LL leaves after 7 weeks.
Significant differences (P <0.05) in AI among species are indicated by different letters. Species abbre-
viations are TO: T. orientalis, B]: B. javanica, SM: S. mertensiana, EP: E. photiniaefolius. After Yamashi-

ta et al. (2002).

FIZBWT, " F=7ovIyar) FiEmeegil
Pz R L7225 BMEIREIIRA 5 720 T RT ORI
BWT, HL#& LH #EoEFRAMFIXIFIZTI S L
k1% EH->THEY, FLWEFRIZEEICHLL T
W5nZ EAREE N (Fig. 3-13b, d)o

3.3.6 AZT(EOHRER

FZAL BTN TOBMIC BT, MR ER, i
LR, SRR ICAE R ZDHD Sz, FH
WZOWTERLR B REMHMOLE T2 2 A, X
HERITLH &Mooy sy )7 H¥F, HH &
LHE&MDO A= e X9 NF LRV FITBW
TikdEd» o7 (Table 3-5), w5 yux /0 HL
S OMI B ERI, LL &L 0 b AR - 720
L2 LMo #ifEcid, HL & LL &0 BICH 41T

BOLNLhole HLEHOT I VUL XX, &
MR OWEMA D K E <L oW L THEDR
BEVHIEELNVORIEE LzbDEEZ b5,
—J =RV N FOERERRIL. LR tEoMICE
BAVPRDO NG o7z, I YBI ) FOME[LE
&, LH &I B VTR D B - 72205 oz
LH &L HH &Moo MIcA AR O N e h o
720 L7250 T, wo¥ux) 30 LH4&MHICBIT 5
EOART R, R LoZ bl vy XL L
AHFALROZEIC L B b D LTSN D, Rk
L TRTOBRIZOWT LL &4 Tl b o 7255
L=rvexynFy<iV b/ FTiE, HL & LL
FMOMICHEZEITED e h o7z,
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Table 3-5. Relative growth rate (RGR, g g'. d™!),
and leaf area ratio (LAR, cm

area (TLA, cm?),
shown for n =6 seedlings.

net assimilation rate (NAR, g+ cm2. d7!) total leaf
2. g7 shown by the four species. Means are

T. orientalis

B. javanica S. mertensiana E. photiniaefolius

RGR
HH 0.027 b
HL 0.011 ¢
LH 0.063 a
LL 0.027 b
NAR
HH 0.00030 b
HL 0.00004 ¢
LH 0.00051 a
LL 0.00006 ¢
TLA
HH 2572 b
HL 3823 a
LH 2482 b
LL1 939 b
LAR
HH 90 ¢
HL 287 b
LH 123 ¢
LL 498 a

0.055 b 0.052 a 0.027 a
0.025 ¢ 0.026 b 0.009 b
0.065 a 0.055 a 0.035 a
0.030 ¢ 0.014 b 0.013 b
0.00035 a 0.00033 a 0.00049 a
0.00009 b 0.00011 b 0.00007 b
0.00034 a 0.00033 a 0.00042 a
0.00008 b 0.00005 b 0.00009 b
2096 a 416 a 157 a
988 b 189 bc 152 a
1112 b 286 ab 146 a
396 ¢ 68 ¢ 103 a
155 ¢ 160 b 55 ¢
282 b 242 a 125 ab
193 ¢ 166 b 84 be
372 a 276 a 149 a

Differences between treatments and among species were significant at P <0.05.
Letters show significant differences among treatments for each species, after ANOVA and Scheffe’'s test. After Yamashita

et al. (2002).

3.4 EE
3.4.1 BEELEBEOFEM

HH % & LL EORICHBEE OB, 3
WK LTz (Fig 3-4)s S THW 2 I
i, —EOHED L FFLTHBILER L2%Eo
DB NEIRT . 23 A =T & B VIO
BIRETUE— M, B Bl BE 2 A I RE g o0 W Bk
NEWwESbNTw5b (Bazzaz and Carlson 1982,
Chabot and Hicks 1982, Givnish 1988, Strauss-
Debenedetti and Bazzaz 1991) L#* L. SLA X%
DOWOLEE, HEOBREESLEORE /NS — ¥ % KO
PIZB VT RBTEOE WEHLOE ) AT R
LwIH i b H B (Teskey and Shrestha 1985,
Abrams and Kubiske 1990, Lei and Lechowicz 1990,
Kubiske and Pregitzer 1996) . % 72 & pi\ ] ¥4
. BTLLDSREOEREOMMICYTIZES

LIEBELRVEVWZ D, LA, HAFEICBVTIZ
BRI TR <. BRI B W I ERZ I
FEDIE) DN EdHY D b,

ARWFPE TR WO ENE OO E
BERICI>TRZ2DATIE R, MO R
PHEBEDEWIC L > CTHRAR L Z L E2 W SN L7,
HH Z BT, ZR PO 7 A FLa=re R
VSF O & IRAOCE BGEEE & O BARITEDLL Tw
oo —H\ A F=ZTOY T YOIk ERE
FEOI <RIV 2 F . FNEIGE) Y =V 2R L,
7T V0L FTRERRE TIZEWETRIOLEBHE
JEDSE L\ T OBITER OB & KD L 72, v
AR FTIEED R T %D RIOLE B
BN Ul B T F TSRO S e o 72,
INAF =T DS EBBIIBAE L D b WA R BIS
. b ) CEBANETLZED LLRERIDE
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FEIIBVWTOARD SN (LPILK0), X DER- 72
FTZBWTIE (LPI>>0), WEEEI<FV /2 F
DFH, IV XL bEP o7z, BRI
DT HFE L= XAINFOEDT WP, R
T LT OR0HERBITRKANE o7 2D
DOFERD S, B3 L BREOW ML, LMY EY
HE—ZZMADEA IV TPBHICE > TR D L
Wy ZEIZ, MAKAFLTWwWAEEZ BN, Law
- Cy Pifrbizn O Omf7eil B 1) 2 ko
BN D, FEERICHW RO RMEFEOENEBEBRL T
WAIREEYH 5 &b s,

3.4.2 FEDEBEHIRADZA I T EZOEEBNE
=

— AT DI I DR VEITHART,
DEFIHESE . EONARRLER T ®mITE
HHEREMIZHI < BV EE TH L0 ITHEITH
RTWnEFbLNTWS (B 213 Chabot and Hicks
1982, Reich et al. 199, Coley and Kursar 996, Kikuza-
wa and Ackerly 1999). BZ 5L, AR ED A b
L 2K BT & BIROBIN R 2 dwv s & o
iZid, FL—FF 75 HLDTHAH (Chapin
1980, Mulkey et al. 1993), 750 L /) FDHEDfE
FHBEDOR S & FHWEITBIT 2 0E KR O S 1.
HOGIZ BT B L NV TORFHEG M &, %
HIZ X 2RI (Coley and Kursar 1996, Moles
and Westoby 2000). HCH#EIZ X % [FAALE DD
(Hikosaka et al. 1994, Ackerly and Bazzaz 1995) %
o DICEMMLCWA EEZOND, —RERIZEREZY
B, RO RERE, BROWEOHG, #abifiksE~
DENEIRALS 7% & GG OE RN TOELFICE
WA F =T L) AR EE S > TWwDE EED
Tw% (Augspurger 1984, Popma and Bongers
1988, Reich et al. 1992, Kitajima 1994) . AK#fZED ¥
ARV FO L) ICEEET DI EDE R
1%, delayed greening ¢ LTEZREI N TV 53
(Kursar and Coley 1992a, b, Miyazawa et al. 1998) .
BB, FTFLVEZRERTSZEATE
TS A =T RERPIEE LD b RVEEE 2 R
LA CERL W0, EORMHEEI SR T 5
FCAEMMWEAZESELZ LT, EOPEICLER
HERDPRIZLTWR LEZ LN,

3.4.3 EBEHH LUTHEEDINE

FERBEDOZALITHT T 2 AP LEE T Ot i,
RO R R EIEEL RIFTLTB Y, Z O 548
FEDBREELRE & BIRD D - 720 WERBEOEALICH LT
77 vuL ) FOREMKETE (LPI>0) &, &Kk
AR, zuna 74 VEE, 7aa7 1) a/b ki,
EREE, BFREIBVWTE»Rb/ME -7 (Fig
3-6, 3-8, 3-9, 3-10, 3-12), L7 LBMLOREE I,
JERRM7Z 5 e BHVEEICBWTHERICH . LPI{K
FPEAFED B 7z (Table 3-2, 3-3, 3-4), $Fl2w 5
Yux)/ ¥o LH #ommuwiiFE bRz, HFeiEolit
HOBWSEREL TS, TOXIIT, FrLWERBIC
WIS L7z 8EA M L T WEEICE &R 52 L
. R L RVoBfbe LTHBI R TR EEDRS
(Newell et al. 1993, Lovelock et al. 1994, Yamashita
et al. 2000), LA L. wIyux ) Fx2itr st
W L72WREICE (HL Sefh) . MR BRSRE LL &k &
D &Aoo 7z (Table 3-5)0 SO &id, BT
L7zt HL BRI A D & 9 A B PR % %
TERPoILEREL TS, 7T VHI ) FT
FIOEANBATIR ISR OF LV IINASRD 57z h5,
KRINEZEFET LD TR o72bDEE R
bNb,

@ U &9 %A%, Huante and Rincon (1998)
OWFETHIH|E SN TH Y, 10D T
R OM BRI, A S AR L 2B O
ERPRONEh o7z S IE, PHNEZKERTH
B BHEDCEALR I E CEIMERE ) 2R L2 2 & & 154
L. 20X U Z OB THLEY AR Y v 7y
4 35 )& D Caesalpinia eriostachys B3, TARE D &5
THCHERL S N &2 HZIA i LT % &l
HLTWD, AFZEICBWTHER NI 7 7 ¥
EAZ e A YNSRI, EITHT B BILRET A%
v FRMMBERED Eho 7o ERBHHE L L_TT
HEF. BRART L2EVEOATEZR L, JBHE
HOFEWEIZBWTH AT IIEILEE AN >
7oo WERBEOBIM L WA OW KT 2T I XD
BIMLRE I 1E. BEUC X 2 H O KRB 2 BEELAYE & 2
INEEGEBORMOBREIC, ARWICHEIGTE MY
ZHRHoTWRZEZRIEL TV A,

3.4.4 BRRUBEDIE
BREANBECH 2 v~ F0 b 0Bk, B
LWEZERTLZELD BT LA EVEDLEMIME
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HOBLIAKSF LTz (Table 3-5) 0 JaO N & ik
BOWFTDEALICKT LTI~ RV b Fid, wIOEE
R SE, EEAMME, o7 VERE, zan 7
1 a/b b, BHREE, EEOFTRTUTBWT, §I
ALIZ LPTARAF 78D B e h > 72 (Table 3-2,
3-3, 3-4). Mo &R & WAL &2 v 72 BF%E TS
Abies amabilis % 585670 HEPHCICEE LZBIC, LA
Bed, PR, ZWEEE, 074 VEEY, FoE
HIZCBWTHRALELTHo oI MBI TVS
(Brooks et al. 1994)c L7z7%%-> T, TS OBHICIE
FHEAT & B E & DDA T ¥ R % MiFF
572012, 1 HO¥ED D VIIBEBOEDOM TEROW
SERENFLATZ DN E D> T0EEEZLND
(Field 1983, Evans 1989), 2943 % ¥4 1214,
BELIWHICHEIL L7232 H L EMT 2 L)
LNV TORIEE D b, H5E L v ToLHEIL
DIE) A, BHROELFICE > THNTH B EEZ LR
%o

3.4.5 BIHEREA EEDEBRRERE

JEBAASHET L 723 OBIMLRE) A3 iR 1L, BEo
JEFH LN &) A D - 720 BlZIE, 784 F
ZT7OYIvaL) FELBLT, ERENEED S
AN N FOFPHLICHE L7z LPIR0EEICB W TEWE
HYBIMLEE ) 257880 H 725, HEO J B 13w b %
H o7z (Table 3-1, Fig. 3-12a), ¥DOFH AR
HTiE, B25 L —LoMIOLEILE BT 2 s
% BT 2w EO W EILEE, kR
HERCHEZMFTADICHELEZ 5N, WD
FERDS BUTAARICAEE T A 28I onw s &
THY (Kursar and Coley 1999). D Hay D E\Willi
EARRE Ouratea lucens 1, ORI L T3
DEMLREINE 225 7225, R L XV DRI KD -
72— EOTFAOENEARE Hybanthus prunifo-
Lus 3. EFEOBLEEINIMRA 5 7225, F LWEREIC
BIG L2 TR L mE ST 5,

3.4.6 EOFEHEHMHOIHHME

A% TIE, LPI=0%0 SLA OBIMLIZ T RTo
FIZBWTHO SN0, FHUddd L EEoRM
LI LTV o7z (Table 6-4) o ZH 5 DOfER
&, SLA OZALIZENICH T 5 KD L < i3
DY DER. H 25 VIR ILEIZ X » T
XDWHEEDH D Z L Z2RB LTV S, FEIEZLL

WZHED FEROZAZ, 43 L LA OBIMLE) &1
MR o7z BIZIE, A= AV NFO LH 3
T EIE DO EACIL % b o 72 28 KOG A B 13
L. Fzuouy 4 v, zaa7 4 )b abl,
EFREw, SLA OFELRZAL#ED S5N7z (Table
3-2, 3-3, 3-4), — KT, 770/ F®OHLE¥ET
. BFEIIARICEAL L2225 mAOCER#EE LS 7 1
07 4 )V a/b HIFZEALL A 572, Chazdon and
Kaufmann (1993) & WAkIZ. %D H % Piper
arieianum %, FEOREZEIZB W TEWITEEZIR L
B EAEEEIII BV TR BEIME - 722 L 23]
HLTWwWh, F72Bjorkman (1981) &, JeoHghnic
st L C R O R R A O B DRI & v 9 fif
FFZALIEBIER S N5 D5 EAE R ORI EEN
D RuBP #VAF Y 5 —ERETRIEROE %R &
HALFIEAL S TR E R TH ). mvBIfLie) = $ >
REIE, Bk A I3 2 35 mAE D L IdBERE RS 2
0 DHEALFENEALR —ETH DI LRE LTS, T
NOOERDP S, FEONAKIET OBMLIZIE, BEEO
ZALD X 9 RO F AL & ERN O AL ZAL
OWMSTHBHAIIZEG-LTB Y F 75O 1
MPESNLEMICL-oTHRRZLEEZONS
(Koike et al. 1997) o MHZEL <V DBIMLIZH § % 4L
PR EALE FE A R EADORERIZONWT, 5k
LRI LEETH %,

3.4.7 &

AMF%¢ (Yamashita et al. 2002) 13384 23515 (R
0. EEDORL 2 EOHMLEE)) & SO ERER &
DBRIZ OV TIHRARZ A OMIETH B0 AT
L 723D NZEACIT T 2 6 A BRSO W TRl 724
B BB ORIZ N L — FF 7 OB H 5
CEDTRIBE NI, BRSO VoL ) F0
FVEEIT A S N7z AT W I & B2 B R
Bix, HEF vy T TORREEFIZE > THANTH
bz, 7, BRERIEHO S <KLV F*
FEDREEAELS . HOEOBMLEEN AT L, 3
DEB T WA D 5 720 NSO, gD
P Z: 12 X ZEBRBEOIRAN T LT PR iR Ot
ERHEEOKTIC X 2 EBMEE D oz # 85
ZLICHBAL . BRI TR X5 2
WIEBRBEANDBISICHFITH B L HE R Hb,

BRI ORICHREETH 2 7 h Fid, Eo
TP TH > 7225 SLoimE X A o
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HIHF L TEVEMLREI 2 D B, & HICHED R #E
DHNoTze BE2HEOERT, THFXFOBRARIOE
W& LTy 5580 SO BB OZALICHT$ 506
FE2 S DR WEB L, EGIEIE L7z §E 2 5 e
HEVIHBMLEEN ORI S S HICHEUT X 5 KB 2
BHROWENZ L > TH L ENBZHEF ¥ v TOTEK
A COMORABINHEEE RIZTL7-O TRV
LER LT, FE2RHEARFEOMREERAELT, 7THF
OB & A &) BT B GEREE IS 5 )R
NaEfMZTBY. ENAVNEFRICFFCEE Y 1
FKBFEXL D ENZ LWL E LR 572 Davis b
(2000) &, —EOBBLEMAT LD LB T LS
ﬁT’BwT TERAEP LA~ DHVHKAE) DR A BT
H ALV IRFHERE L. AU THR LN
%%u_®mﬂ%ih¢é§®f%0\~m®t s
BB EMEOINE. Z8T 2RECTHEET 4

MOKLDEENZRLTWADTIELZVDOTH S, &

B SHICBRABROBERZ MW 5121, ERWNIC
i Z FE L BAAFEICN Z Ty EBO 7 14—V FIZB
2B ERTWED L OB HERE & OMHEAER 225
VEDD 5o

Forest understory

Forest disturbances

by frequent typhoons

&S@&R{

Higher shade torelance than
native canopy dominants

Fomation of large population of
seedling bank under closed canopy

Less predated by
invasive rodent

Fig. 4-1.

Canopy gaps

BA4E HEEE
4.1 NERFRBICHTBZITHXOERAKRHER
HLRARIC & B RS OZALIL, 2O D%
‘Iﬁ%##‘Fi’?i?&%ﬁﬁf%@f&ﬁ@fﬁiﬁ%ﬁﬁL:i’rﬁ’a\ L7z
AlhE s s & S5bhTwab (Hobbs and Huen-
neke 1992, Horvits et al. 1998) . /NER O A, O
BRI CREOEA NV 7 OfFFE (Yamashita et
al. 2003), @ GERBEDOEALITH T 2 & WEIMLRED
Yamashita et al. 2000,2002), @ HEIC & 2 FH D
KB HEEL. &) FEORAGDLEDY, THFD
MIEX v v 7 TOBEE B X OERBHE O EH T o5
WEWMEIZILZ2OTERW N EEZ SN, RIFZEIC
L0, RRVAERNEEEZ B, RBoMEEODH
BLREAS, FEFRAEAN DR NI T 2 WA D 5
Z epRmE e (Fig 4-1),
MHNTOEFEREF v v TNORIS & DRI
. PL=FFI7HrLEbLLTEY B2
Bazzaz 1996, Kitajima 1996), 7 % ¥® 3 DHHTH
AFEROE S LR O L3 5w BIMLEES
. B BRHAEDLETIERV, L2La2S, [
LEHRZEDN M7 RA)IDOINKRMTH S Sapium

o N

Reproductive adults
with high fecundity

Estabilishment and occupatlon
of the canopy gaps where were
a safe site for native trees

| | i$| High acclimation ability to I I
changes in lights than native trees

(% A part of the seeds

forms seed bank

The factor for invasion success of B. javanica into the Bonin Islands.
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sebiferum (Chinese tallowtree. ¥ %8, b7 %
A7HH) CBWTHIMESNTEY, Z ORIk
PIZBU BB ECZ LA, WanweZ AT
L EPH W E WS (Jones and McLeod 1990, Wall
and Darwin 1999). 7 7 FIIMATHEEDEE L.
MEF v v IO SN BICECEEEIC X ¥
ER G TE B 72010, TERBHAIC TR iR
L. B A RZEFTETLIEDPWNRETH S LEZ
bNb, TNOLORFHIIMA T, EE L LTHED
W LEELREWI EH (Yamashita and Abe
2002), BIIZHIBEA D2 512, ZOMBBADL S
DI 2100443 ) OFHADOMAREIC B VT, BARK
DRl Lz LilohdoizbEZ N5,

S IERE SO Y < RV b F O,
MRFED 7 < A X I DHEEESHNI LD, V<
AL XOEHF YT, THAFXOEEDEEE S
WKWAMIZT 2DICEHBLTWA Z EPMEIN TV
(Yamashita ef al. 2003)c =i 5 2 FEDAKAEDIEM
W&o T ANEFEOTERBA WD LT D Ev) D
W ARREEE ORI AS, 76k 04 BRI INE
WA Y7 b5 Z2T0wB 1206l WRE 5,

HERRE DR AR BRI D W CTHREST B 72012
i EBICBALTOREIICE TS =y FOHE
EREICANT, SRAED b D45t (A% it <o 2 3
AREMWTIE) & 2oBFT oS Oh K. 2550
e R RE L BIROFAERCHELOAHE L L) 25 &
DL BMEEMZEDODERARDL ZLHPLETD
bo TDEN BT TU—F LB EIZL ST, HhE
D ERERANOIFRI 22 A > 7827 DAY E Y IERE T
TEDLLEEZOLND,

4.2 THX OEIENF & AERBBEOREIE

7 7 F ORI B X OFE R o413, #
FHAAEDIZE AL RF Y v FTOMEDL L I3HEICE
TLEETHDZ LD, FIZFYyy TTOTHAFD
ERER 2 FERICAT ) S EVRETH D, —J. HTHE
FO—FIFM - FEFL$ 572912 (Yamashita et al.
2003), THEFOTRXTCOMTFZHESE L7011
2 ~ 3AELL AT A & A5l S & B A H B F 72
7 FEH BRSNS L#HiFEHAELTLED
72, WMEFELRARITLEOML LT TH %o BUE, B
AR Bz R WIZE IR 2 & & MR T B RE S
TWwb,

T H YN EFEOFMERERITBEALTHHH

1004EDHE S THE Y., T TICHNKERRO—TE LD
DOBH BT, T A FORERE L OTE RO R4
EOFATIIH T2 o T, MOFHE, FERME 2% 9
ZEDHVE D HBOBRERLHEY DR E 5
AT L7z BT, EEICEIMZ 22 CRLEND L. BRER
THRIZOWTIL, BEBEIRETL20EREETH D,
MEZOTHEMRETRLT Z EIZh ) PREV. Lizho
Ty T h FOENECI RO i, TR
BAaLEd LT, THXFTERERT 2 M8 & U 2w bk
EDOXMDITEBI Vv, SSICEEBR LGB
TR AR OB % B 2 72 ) AN 2 NG
HALTETH %,

— D BRI T B EF 7R DR DR
ANEBERMEL, MEMREL 2o TL VL RE AL VN
7 PRIERLEERANRIZTT ZEBHESATNES
(Simberloff and Holle 1999), HH1Ex, ERERICZEN
EEEEZG 2 TORWAYTH-> T, FRBAL
TL B O FFH TR & %o TEIEZ WPT
720, WEREOEFEE L VIEROABREMIEL CTL
FHOWEEDLDHENHTH D, ZDODLTHI00FELRY
DB I o 7/NEROFHROERIL, b L b LK
ML BVBFO L WERBETHEL L CE& v ) E
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Summary

(1) Bischofia javanica Blume is an invasive tree of the Bonin Islands in the western Pacific, Japan. This spe-
cies is capable of aggressive growth, especially in canopy gaps created by typhoons, competitively replacing
native trees in the natural forest of the islands. The aims of this study were to examine the ecophysiological
traits which might confer an advantage in the establishment of B. javanica over native trees and whether the
success of this invasive species on these islands is related to disturbance events such as typhoons.

(2)  On the Bonin Islands of the western Pacific where the forest light environment is characterized by
high temporal and spatial fluctuations due to frequent typhoon disturbances, we hypothesized that the inva-
sive success of B. javanica may be attributable to a high acclimation capacity to sudden light increases due to
canopy gap—formation. We compared the ecophysiological responses of this species to simulated canopy open-
ing with those of native species of different successional status; 7rema orientalis Blume, Schima mertensiana
(Sieb, et Zucc.) Koidz, Elaeocarpus photiniaefolius and Ardisia sieboldii Miquel. In all species, the transfer of
leaves developed in shade (5.3% of full sun) to full sun resulted in a substantial initial reduction in
dark-adapted quantum yield of photosystem II (Fv/Fm). 7. orientalis, a pioneer plant species, showed the
least reduction (38%) in Fv/Fm, whereas E. photiniaefolius and A. sieboldii, both late-successional species,
had the greatest reduction (about 80 %) . In all four native species there was a gradual recovery of Fv/Fm
in shade leaves following transfer, in contrast B. javanica showed a more complete recovery and more rapid-
ly than the others. Unlike Fv/Fm, chlorophyll content in all species did not recover following the initial de-
cline. This indicates that the recovery of quantum yield (Fv/Fm) was independent of the reduction in chlor-
ophyll. B. javanica was the best among species in (i) the increase in maximum photosynthetic rate of shade
leaves after transfer, (ii) the production of newly formed sun leaves, and (iii) the increase in relative growth
rate. Ecophysiological characters of B. javanica in simulated canopy openings indicate a rapid photosynthetic
acclimation of existing shade leaves through minimizing photoinhibition and a rapid deployment of new sun
leaves with high photosynthetic capacity. Because these Pacific Islands are prone to typhoon disturbance, the
successful invasion of B. javanica may lie in the congruence of its acclimation potential and the frequent gap

events.

(3)  We compared physiological and morphological responses of B. javanica to both simulated canopy open-
ing and closure against three native species of different successional status: 7. orientalis, S. mertensiana, and
E. photiniaefolius. Our results revealed significant species—specific differences in the timing of physiological
maturity and phenotypic plasticity in leaves developed under constant high and low light levels. For example,
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the photosynthetic capacity of 7. orientalis reached a maximum in leaves that had just fully expanded when
grown under constant high light (50% of full sun) while that of E. photiniaefolius leaves continued to in-
crease until 50 days after full expansion. Leaves of 7. orientalis just reaching full expansion had high photo-
synthetic plasticity between high and low light and exhibited low acclimation capacity under a changing light
environment (from high light to low or low light to high) . Compared to native species, B. javanica showed a
higher degree of physiological and morphological acclimation following transfer to a new light condition in
leaves of all age classes (i.e. before and after reaching full expansion) . The high acclimation ability of B. java-
nica to changes in light availability may be part of its predisposition for invasiveness in the fluctuating en-
vironment of the Bonin Islands.

(4)  This study suggests that the susceptibility of a resident plant community to invasive species is more a
function of fluctuations in resource availability than that of a high steady-state level of resources. Also our
findings support the idea that species with high physiological plasticity and high shade tolerance may become
invasive under frequent disturbance events. Given their high acclimation capacity to increases and decreases
in light, the invasion of B. javanica is highly dependent on gap events, and its expansion on these islands is
likely a consequence of the frequent typhoon disturbances. Therefore, the most efficient means of controlling
and eliminating this species from the Bonin Islands would be to target plants located in gaps before reproduc-
tion begins.
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