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Effects of seed size and seedling phenology on seedling establishment
of deciduous broad —leaved tree species
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#-1 EEXRCFACATELENIECETERER CMETO) -MET(s)EEREER TG
BxE, HEEH, SWEAELURFTO I /A=
Tabla 1. Tree species observed amd fresh seed mass. semple size, mosth sown, time of emergesce, and seedling
phenology under open [0 ) and shaded {5 | conditbons

L LT Eis SHEN RETH WERER wsom  sEsws  LED
Imiiinl VG Deratios

acedling ar ol Leat Laaf-tamaves

hright C—L; DLE lead [all leagevity rein
Send Bamgle wipe® Time (1] (dupai® Iduya)’ (dayai Tedin) Iper panr)

maEs e [t ol

Spesies LTS imgl i 5 AOWE EmErEeniE Ly ] | 0 5 (1] 5 [1] & (1] & [1] 5
Castamea crimals e 1 B 2 T8 Db, 190G May 1987 JR3 0 1RY I 14 m o™ ¥ oo N 1K LE LD
Avicufes herbineta AL a i 1@ a1 m Cee. 1985 May 1986 IRT 234 18 ? A 5 W Ie 150 LG 1.0
Juplend silanibifatin du G D 2 1218 Oor 1S May 1986 112 6 ® B 11 B B L 87160 L&l 143
Querrws mosgolica yer. grossesertafo Gm 2w 20 ) Der, 1365 May 1985 Bl Bl bR | ] T bL E 4 12 1w L2 L6
Slyrar dbadiia &5 i M 190 Qe 1965 May 1987 2E  EE 217 1M 14 won a3 s LE LE
Magsalis vhorate ¥ 24E a 12 e, 156G Juee 1986 AL RE 11 11 T LI 8 M L& LI
Mageaiia kabws var. borealis Mk 16% N N Oce 1965 July 1988 RL LF 1 I L. 4 1k aF 8 La LE
Acer moga Am 156 Eo = e, 1565 | 1988 4.3 &E 16 19 133 125 158 138 T 2.0 200
Fraainn monlibsrics var. apsados Fm JEH o & er. L3S y 1386 32 od n 18 LI BB L& D 10 Li2 153
Preracergn rhedfalie Pr % FEL- Ocn, 1988 May 1988 20 26 IT 18 101 I L W b L
Primus sargeil Fa 104 0 O Cher, 1580 May 1987 iz = EIE | 1M a5 LED 150 8 LG LE LE
Acir fapanice Al o o = O, |B0§  Aps. 1988 2§ A o W I 10 1aE 9% 1% LBY Lis
Tifia mestmawicsians Ta o Wik Il Oen e May 19T 25 & 2 M 12 I 180 oW 5ET LS
Tilta jupenics Ti 3 F o) 0 ien. 1585 May 1988 22 1K oo i B aE W L7 LM
Arit puimatum var. mafmsaroe Ap 7 (- e, L .19 LY LE WM 14 142 188 138 W iag Lo
Freaus grogoos Fr EE ¥ 19 Den. 1604 ¥ 1387 1.8 21 R | m oW i e 38 118 LTE Loy
Covmun ol # pi il 403 TR0 BACEN D BG5S May 1387 ¥ &0 M 1M 1 mooas 4% LAl L7
Maark 4 buergeri Ma iR Od, (6 May 1984 0B Q6L 7T 18 133 112 1E5 LM% B L L
Ewrbun ainifslio S X} B 20k) Den. 1585 Apr. 1587 L0 LB I | 1y am 180 15D EL ] LAl L4
afrya jopesdcs ay o 0 #3  Oct.iWS  May MM 24 2P M4 W 1B 11 Mo Hoom RN Le
lendred pmereng Pu R 3 -] Cer. 1589 My 138 L.& %1 7 B 12 123 El 4B 28 e 0L.87 L&
Serbas cammiata Se i1 @ Fo Dct s Apr. 1584 LB LT 8 @ 141 12 07 R s ¥12 LW LEL
Kalopasex pictur Ep im DA 170 et @S Mey 187 065 Lol 26 2D 138 108 - L L 1.86 L. iF
Alnus Airnia Ah Lm MM 404D OeL 1586 May IPE7 OB L0 M 20 18 4 [ & B R LT
Carcidiphplfum japuricam o] 0667 1E thiE®  OeeiE Map 1886 LEL &80 HI DT 1M 43 1M LW OB LN Le
Fetuls dasurica Hd [ ] il zid] O, 1636 May 1R7 4T &4 2 X5 g - 1T s B moM 188 05
Aldus inokamor A6 0520 BRIM) 300 Ocn 1936 May 197 AT LI 3R OB 1M 40 W T 68 B 22y 1.91
Estule marimsxicsionn Hen o480 MeIZD reiEE) OceidiE May (887 852 OGE 3R 3T M4 W0 I T = O’ R OLT
P‘O{-{-l meaimamicsi P 0. 231 miml 17 Tuly 1987 July 1m7 & 02K Ir 2 2 T :£] B4 E4 & =IE L
Beltwln pluigphpila var. japsaics [ 0087 IRM0 PTEM)  Den M5 Mas 1B R67 DG 4D 36 WA 13S0 Il R HooM EM LT
Baifs haitesid var, oaguatifolis 5h w16z i nian) Jenendid  Jene (Y LD DLST I L Y B ™ BT ERE LS

O IAeRTR RS- ENT S ToEER

*Nembers b parcsieses are miisl sampie aizes olmerved el first follage leaf emerged
fC-Le, FRABEL TG EEOR—-ENERT 2 TOHR

"C-L, days brom emergence of cotyledon o the date of emocgenee ol the fiest leaf.
CDVG, o3 bR ; DLE, #oR e

“INVG, Suratiom of verticsl growih; DLE, deration of leal emergence.
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Fig.1. Seaconal growth patterns for seedling height under open conditions (O) and
shaded conditions (@) for 31 tree species. Species are arranged from upper
left to lower right according to their seed mass. Abbreviation of species are

given in Table 1.
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Fig.3. Relationships bctween wet seed mass and (a)
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non significant, ***P <.001
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~200 HEigbRrole, BUOTSHERF O 2 2R L BRIICHTFEORE 26 O1F EAEELIRM A
FLVMEMABHAA T (r =—0.642, P<0.001, N=29), #f2F (=-0.594, p<0.01, n=29) TH
BT,

LoL, REZTOEEMBZA2 & (£-2), BFHRHOBVEZ LUB 2B IO e 2 F73
110~125 H L L FHERHO RN =T 8 - FF B~ REN 175~180 H Th 5 LISMIK X 22722 81X
H BT, 140~160 H Th - 7=, HEEEHIM & 8 & ORI ITA B RMEBBRIZE K T (= —0.011,
ns, n=31) THHET (r=-0.118, ns, n=31) TbAhrbil, £, IR K 2EEMMDOLH)
FAREDOHLDOGE b FELGTGAE /NS, KT, #ETOEIIFTTIA -~/ F 2 10 AL
WNThoTz (F—2),

#— 2 HWAFEBRICHW-HEIEREER 31 OB T (O) - #ka T (S) B2 ENENDYFE
BER S, AEOEEMME, FEHAEOEENRM, FEOHMm, BRIEMRE
Table 2. Tree species observed and final seedling height ( FSH ),foloage leaf duration
( FLD ),cotyledon and foliage leaf duration( CFLD ),logevity of cotyledon ( LC ) and
leaf number ( LN ) under open ( O ) or shaded conditions (S ).

YRR KIED FHEAARZED
4 L R R TEOFH  REIENK
Species FSH FLD CFLD LC LN
(cm) (days) (days) (days)

(abbreviation in parentheses) (15 2) 0 S 0 S 0 S 0 S 0 S
Castanea crenata (Ce) 42,7 453 146 131 146 131 - - 18.5 13.0
Aesculus turbinata (At) 22,5 304 154 166 154 166 — — 4.4 4.2
Juglans ailanthifolia Ja) 29.8 52.8 146 144 146 144 — — 11.3 11.3
Quercus mongolica var.grosseserrata  (Qm)  15.0 17.2 151 148 151 148 — — 13.1 7.9
Styrax obassia (So)  138.7 25.6 153 152 155 169 105 149 8.8 7.8
Magnolia obovata (Mo) 6.9 7.4 114 101 125 112 98 91 9.1 6.8
Magnolia kobus var. borealis Mk) 16.5 150 124 118 137 132 100 125 10.7 8.1
Acer momo (Am) 35.3 22.8 175 168 191 187 33 52 26.2 17.5
Fraxinus mandshurica var.japonica (Fm) 10.6 115 141 144 150 154 98 142 12.0 8.8
Pterocarya rhoifolia (Pr) 139 156 134 141 151 157 64 100 12.9  11.0
Prunus sargentii (Ps) 394 231 175 172 179 175 27 25 26.7 15.8
Acer japonicum (4j) 164 100 175 177 200 195 42 71 223 12.6
Tilia maximowicziana (Tm) 10.5 8.6 144 148 176 171 87 99 11.3 7.1
Tilia japonica (Ty) 28.1 19.0 151 151 177 170 98 125 14.1 9.6
Acer palmatum var.matsumurae (Ap) 28.9 22.3 177 178 190 192 35 36 27.7 22.3
Prunus grayana (Pg) 31.8 18.4 174 173 177 177 40 39 23.5 15.4
Cornus controversa (Co) 30.6 23.8 148 147 180 173 112 144 25.5 15.9
Maackia amurensis var. buergeri Ma) 19.7 12.2 169 153 176 169 47 45 15.4 8.6
Sorbus alnifolia (Sa) 6.4 7.2 179 182 181 186 35 42 16.0 10.7
Ostrya japonica (O)) 353 269 160 152 173 181 84 105 20.3  14.3
Phellodendron amurense (Pa) 20.7 25.1 148 149 170 174 96 134 19.1 15.6
Sorbus commixta (Se) 9.5 14.8 176 169 198 193 77 106 14.8 13.3
Kalopanax pictus (Kp) 4.6 2.7 163 159 189 179 95 174 15.0 6.7
Alnus hirsuta (Ah) 34.7 14.8 155 157 188 187 92 120 24.7 15.8
Cercidiphyllum japonicum (Cj) 405 234 162 154 186 181 64 65 29.4  22.4
Betula davurica Bd  21.7 9.2 150 149 176 174 79 146 22.3 115
Alnus inokumae (A1) 46.3 12.8 157 157 181 181 83 112 25.0 14.3
Betula maximowicziana (Bm) 21.4 15.5 145 145 183 182 79 124 18.4 13.0
Populus maximowiczii (Pm) 9.6 3.0 120 89 137 116 54 67 15.0 6.9
Betula platyphlla var.japonica (Bp) 32.3 13.9 151 148 191 184 92 116 18.7 11.8
Salix hultenii var.angustifolia (Sh) 18.4 2.9 141 115 150 134 65 81 21.9 10.6

AR -1 LFL

Sample sizes are given in Table 1.
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WZONTHEFY A ZO/NSNWEDIFEERBEEIERIELZ LICL VT A ADORERLEDIZH D
DMEREZES L TVWDHZ EERNTELTWDS, ZOMFERTIE, S5, FAI A X0/NSRETIE
BE~OEWEy OHEIMLED W EERER, KRERRGROEHENZEHD TWDLI L ERLT,

Fo, BERNIZBIT LA XORK/NBHEE DRREIZG 2 5 BIZHOWTIEZ L O ERH 5,
BT T, A XOHEE YA A~DOIEORFEIE, ABFEVIC LA NTHEIIZITIT>Z0 L
72 2 B35 < A STV 5 (HARPER and OBEID 1967 ; HOWE and RICHTER 1982;DoLAN 1984)
KonDO and OusiMA (1981) 5 X Y ZIMERMAN and WEIS (1983) DO ZFEBR TIIfEAV A XD/ Ee

DI EFAULEEE ~DE N2 S T2 LICE>THFORERLD EEDLRNEELZ#EET 52 L
LML TWD, Zhvh, A XOBANERICET I WM EICALND X2, BN, %
MO THETO/NE 72 DIXFUEEE ~DOER D EmD D Z I Lo TN Tx v v T 2MME D &
TAHMEAE S DOEWVND ZENRHALMNZ o7, 72720, ZOMmEZRT OIZFEM CTOlEDEGE & [F
FRICHEF A FICRON 5 X9 Ths (Howe and RICHTER 1982 ; DOLAN 1984 ; GROSS 1984),

(2) BAMCT L #ERE TITIs i DHEM O R DE W

B2 N COMERIEE B LOBERY, VA Xo/NS2IEERBFICHMET L, #HE
TTIE, B A AO/NS RO IR IFEEZ D DR N ICB P/ R FEEICEKAF LTV D,
ZOLk, YA AO/NS 7 EBRMICENDHE) 1L, A XOoKRE 728 EBRRYIICEN
HFE) L0 LI T TONREMERMEN LR —KICH SN TWD (BAZZAZ 1979 ; Bazzaz&
PIcKET 1980 ; KOIKE 1986, 1987, 1988 ; /il 1988a, b), ZiLH, THEV A XD/ X LHFHHFT
DA RCRER DK



SEDOMEERIZL ST, ZOBRDOEDAERED V7 IREDRERREDOIK T ASI X L, RN
FiA-Y A XO/NE RO L ERZEE @I FIclMES Iz bhizbn et EZ NS, FBFY A X
D/NS RN TIE, TOMERIFFRDRER Of) ORIESNTZLE ZATORERSNDLENVRD

(Stwa
and KIKUZAWA 1991), 7272 L, TOREIXZLORD H SEOAE (FWWEERR, £VWRBIEHRE 2 S)
DD INTHD TAEEIZ > TS LB 2 b5,

—J7, A AOREBETIE, REFROZDITHrbbT, ZOLEOFEENIC L > CTHY
Mz 2 — FOMESREORMEZTET T 5, A XAOREIBEOKREIL, BrbEEINTE£L<
OHCERZ T ITIEATE 5720, HBELLEEBRRICBIT2ER 8 OflRE2 3 <lzizzific
<WEWz b,

A ZXDORERBINSRFELID &, KEOHFMBEV, i, FEA XORE RN,
VWM, A2 Z LIk o> TEDOHRAAERDIL S (Bazzaz 1979 ; KOoIKE 1987 ; TAYLOR and DAVIES
1988) #4iiv> (CHABOT and HICKS 1982), & 512, TOEEEDZOICHKE LI-SBEOME 1 DR
ToEEBMELLIDEL TS LD EEZ LD (SEWA and Kikuzawa 1991),

BRET T, 1 ZETRTCOMET, TEBIOAREOHFMBMM FIZHS TR, 0 X9 gk
TTOEDFMmDIENIILT A U A (NIELSEN 1986), A % = (BONGERS et. al 1988 ; BONGERS and
Pompa 1990), HiZVE (BooJH and RAMAKRISHNAN 1982) 3 X UEME: (BENTLEY 1979) 72 KD E A,
VERDEA, BT THLAON TS, T TEDOHEMERELS THEWVWIZ&1E, BEWVHEZOELE
I LIS TEDHEKBERDOIRSIEZMEB D LT 5D THDLHEE2 NS (CHABOT and HICKS
1982 ; Kikuzawa 1988 ; Kikuzawa 1991),

AR TIEBINIC K ) FOEOFMITIITHE TOAFRHAKTLY bE o/, ZhuE, R
7/ 2 O A S DM O JRIERHT LA LRI Ry (Vi 1985) 72, BREE T TIEMIDE A RGE B 03RRI
BETFTEDLY, AT AR LT, O FmAIEIX L THMEERN 72 < 72 >7- 0 T (BLoom
et. al1985) RELHKL LB DHILD,

F, V7 IR2H - A XV s TAXF T LD 4AFIMOBL O INE L-FHELEL, T0H
I L VgD TV, /2, HETTHLINGAFO TEOHFMILERN o7z, Tid ORI
FERENOAENRERTI2ETOHMLEL, ZNODZEE2EZXDHLIOAMTMIIBIT L FEDE
X, RAKREID bEFEASE E L TAEZREBBE I DICOR B ZEEZLND, FE,
MARSHALL and KOzZLOWSKI (1974) 1IHEE OEIZ & > TTHENRKAMRESE & LTE < O IR E
ELTHERT 200 %7202, TEZUIVESTZD T AVIRA —AEHEHITTZ0 L THSE ORKE
ERAREZA, FICHESE E LTCOAERT 2 (Ulmus sp.) WHHZLZAHLTND, fill
2, BICHEKRAGRE & LTI < (Ailianthus sp.) X°, WT WOERM & F5of (Fagussp., Robinia
sp.) MENHDHZ EEHLMZILTND,

HARSGM FCIE FERMBICB I 2HE L TEB/BD TEWIZ ENWV OO THE SN TEY

(A 1979 ; gl - 4 1988 5 1EH1 1989a), HHT A K S E LML LT, FHEBROHEHERE
CR T OB S L OBMRIC DWW T I ST A0 ENRH 5 5,

(3) FEBRAERDOBI S T~

HEW) DFEA-Y A XXE O OB BRI BT 2 AL & K& 72 BfR23 5 5 (SALISBURY 1942 ;
BAKER 1972 ; FOSTER and JANSON 1985 ; MAZER 1989 )., Z OAFFETlE, FE W1 X & HEW ORI
RERX (7= vv—) LORICERZMEANRAINWE SN, LeBR>T, HOMOHED 7 =/
Ny — & ZOEOMAEBREICI T 2 & OMIC L BEERBERN S 5 2 LR HELEIN D,



FE, BARICEBWNTE, FIROMEFMESCED RIKRNAL 81X, 200 O OMEAERBEMIZHIT 5
M & BRERREICH D Z E 3o TE TCD (MARKS 1975 ; Fuil 1978, 1979 ; BICKNELL 1982 ;
B00JH and PAMAKRISHNAN 1982 a, b ; SCHUKLA and PAMAKRISHNAN 1984, 1986 ; KIKUZAWA 1983,
1984, 1987, 1988, 1989, 1991 ; 45iR 1986), L L, WMAICB T2 =~&2ZFDF F, TOFE
HOWSEESE L THEMNICATIE LR NEZ LN, BIREZECE M ARREER Of, X,
o7 EOERE) 1IEERORE & HLICEB L TV, FRCHRNSS/NES Xy v 7 TITEE S TEI
BT HHEE &R TIZZEDOREBRENKRE £V Guill 1979), A5 TE 2060 &ITHER BRE & ik
AREBETIIRES BERSTLDHbDEEILND, £, WEROHIE, %I EOFHREEIC
KHLThH, BAREY GHEEDOFDREBREEL I ITOLEDNEZ B TE 5, KoKE (1986) (LY
XEDHARKEES) & SFHEL OFLEDE AR TEA, HlD TN NEAMEL<, 5556 F Tlfafnd 5
TEERML, BEOWARKNDBHND OMRIR~ LR 51221 T, A e A EISEIIZE LT 2 D
TIERWNE NS ZEAREBLTWD, D RER THEEIEIZE bRVIEAREENNET 5 Z
ERHEINTND (i 1988a, b), F£7-, %I (1981) & SHUKLA and RAMAKRISHAN (1986)
RIS & bR WED RIS Y 2 — FOMEMMNEL 25 2 & 2 A2 L, Kikuzawa (1988b)
BLOYER (1991) 1ZEAEFAIC & b7 > TEOAEGFHERAD, TOABFRE~EISICELLTH &
EREBLTWD, LEER->T, MO 7=/ uaV—%2ARK0ZNOTFay—L LTIZDZ EIET
ThneE2oNb, BEHO T = /0 U —TRFBERNRERIORE A4 X7 CITHEI >0,
k2 R AEBREEICK L CHEISH R Z R~ T b0 L L TIRADVERD 5,

T, BMERTHAONIEZMEO 7 =/ av—0n, HK, v o7, i (KXy 7)) REDHE
BRO BRBRERICBWT, TNENOGFTOREOFHMZEME EO XD ITHEL TV L ITONT,

%Tﬁ L L — ¥ .!-:_ '7 &
L%‘?‘T’g—é‘é (713)0 %ﬁ%'ﬁ‘/f Z\‘O)j( Small Cap zize B [arge
ST O, BRI A ICHEOR u"::::’l":':i ““~[ MR ag [ FERITR
Eﬁ%{f‘g%_%%ﬁgﬁéu %%i; i 7%_: %}( L:* h - ¥ Avmirable resurce Cight C oeatant

FICHERE L LIz, 2D K 57— FFBHIE,
—HRRENRF = A A ADOKE 7
RSO &k, FEINICEERRENEL
T 5 Y IE L TE RS AR DR R T D YA BRI A
BT RWhEEZONRD, Thbb,

FRARDIRIRIIMIEAR DPLREIT K - THRIZ SRR, ey poepramy L T N

WA RV ADENRLWAEFTRE THD R s Aduplive sovdling hesslugy | Svererding type
(GRIME.1979) 73, P&3EIRIERIARDARIR i

IMOEAR O BAZERT, HERITNRVAD i 2l bt

<, BEBIMF, HEDIH DS iy X —13 MO T =/ 1 v— b AT E&IRA ARG

22D (B3 - IUFH 1972 ; LARCHER  Fig.13. Hypothesis of resource utilization from the point

1975 ; NAKAGOSHI 1975 a; J& fil 1989a), of view of seedling phenology

AL E R D T HE IR BERI AR TIIMIEAR D #E D E A7 dh#r(leaf survival curve), -+ TR

BAZEIL S AW) - FRICEAE D, HEEN (relative PPFD)

RRIZ2% 6 A THB LT ATk
Wi B 5 B3R e 20, 9A



DB, HREARDOEBEIZL W RKIZHAD < 725 (FeiE - &M, 1979 ; 50 1989a), L7=3-> T,
FEAH A RORZRFIZE > T, HMNEE I FHENRIKE DA, REREZREMLKEZSZ

EMMTEDLELEHIT, MABTHOHL L o THLLRRIZ, EEBETLH20OT, BELHOmMBME
IZHDRREORAEDRTESNEL S, IV A XOREBRFEIIZDOL I T = /) v P h Vg
WEZ Lo C, WEEILIEBMA T COME OAEGFAREMEZ RE @O LI ETHHIKEEZ O LRE S
N5 (5EF 1989 a, b ; 1 « 497K 1989 ; S EIwA and Kikuzawa 1991),

TR FE, TOMEESCTDONEMRIT L - T, AEL R S 2 (MARSHALL and KOZLOWSKI
1974a, b ; AMPOFO et al. 1976), L7=23-> T, TEEMNE LZREAT, BlOBEEIKFEL TRE L
TEHRERN D BT THAEREIT> THRE L T FRFREDEREITH S, FTPEWVIZERVIOEN X
DEWNLE, 7205, RO BRI/ EEICBRE T 52 LI FEEIIE 1 EONEMRERIEL,
Bh7e ECOMDERE OFERFEFIZ L AFIE < THA S (FOSTER 1986), #ME T Tix = HIZHK
TEVBHEFY A XORERBDIFZEFELITHE 1 ENREHTLIAES, BLOHRERRELS DL EN
IMEMMN A LN, ZIUE, A XORE2FEOMRNLG ETOZIARHICBIT RO RS %
RLTWDH EWZ L9 (FOSTER 1986 ; JEA1 « 497R 1989),

HND/NF v v TR TIZY #—@REHFE L TWVD, ZNHDHEN D ¥ — oo AT fE
FOEFEBIOVEEFEORIEERIZ/ > TS (e. 9., SYDES and GRIME 1981 ; GRosS and WERNER
1982 ; MAGURE and FORMAN 1983 ; GROss 1984 ; WINN 1985 ; COLLINS and GooD 1987), f& {7 &
WIEEFIHIHEED K E S, DORFEBROBWRFIICHESRENRERERD L) Z EIXRNY ¥ —
JENDEIE LB T AT ARITH D Z EREBEND (JEF - 3597 1989 ; SEIWA and KIKUZAWA
1991),

—F, YA XO/NERFEIIZEORELRATHZOICEFEVERERMEELEE L, LR
ST, TOEEFEDAIGIE, HEKATRERLERE O 2 E N ED L b WVE S DITEAFL TN D
LOEBEZLND, LER-T, B4 RO/NSRREIZE > TE, RN/ S Xy v TR EAE
BN HERE NI L L CRkEMIMAHIR X5 K 5 RGETClE, ZOWEMNRIVNEETET, £
CCOEFAREEIFERTLTW b0 EEBx NS, LA, FHIMILRENZ LT T EVREIZD
7o o TREEDRFE S AL D LK FHR-OWREDOILEE R, JBEBRH, /e SO FIZIVESELTWD &
W2 L9, INHRWETA2 b OMIE, AR EZ T2 TESHATLIZ LI2X 5T,
HIEMFEIZBIT DHAREEMEEOL, ERENEZEORBAO-OICHEE TSI LI2LkY, TX
HIETIENZEMAZ SR L LS ET2HIKEZ L OO TRV EEZ LD (EF - 25 1989 ; SEIWA
and Kikuzawa (1991),

72720, Z OB, B EREE o B ICORE 7 O KEBAR I L 5 E A& O3 FLAEE o &
STIZLDTAREEL 2D Z & THY (ScHUPP et al. 1989), FlFH A AD/NXE L HAREN DOE &
(HARPER 1987 ; FENNER 1985 ; AUGSPURGER 1988) <°ff 14 (PRIMACK 1978 ; /kK}1991) & @ k
L— R« F70MRICE > THIEES N TV D D E VR K9,

PLEDOGR A RRGET 5 7= D LR 21T > 7o, IRETEDORREZLR D,

3 E VEHEINYEM S DR D IGET COEB I KIEFTHS A XL

HEE D7 = ) v ¥ — D

1 Bk

(1) BPRF & 2 ORI

= ORIBUT T EHEALHER OFARIT R b — 012 b1 5 BRI OB AD I XS5 - 4 ¥
.)V



NTT e XN ) HX e YT - TN Th S, - I3A0EE L H T O biEE AR ERBR S
FERAR (2R 100~200m) DV HEAZER RIS L ONRIIEAR (28 50m) 25 1987 4= 10 H [ZHRHX
L7, ErHsERET<IE, MroAEzlE L, IAXATT A XY I T X100 KiEE 5[H, 7v
TN )X e YT T HNTENENL.S, 1.3, 4 g4 okiEES5EIREL THIEL
oo S BOICHETOITEE S E (ZZF4 100 H o) ZHE LTz,

(2) HABROGHT & %E

SRR 5 AT L AL i AR 2R BRI EBR AR D FE ) 100~ 150m D % LR 2 IR Td 5, T HE K BERBAK
EEBICAYXRY « 2 F ) F « FFNRNREA V2 c NTFUITT o RF ) F - XFFxas7y -0l
YT XA NEZOEBRIZHNZSFERALI, FEllidavaI « =2 XU e g A
XX I AFIRHRLI, HRKIZZ A FHPREEL TS, 2em UL EOfEESEIT 2300 A, 'ha
Th b, WHIEE1T-o7- 1987, 1988, 1989 FDFFEEKEI L O KIRIZZNZE N, 6. 9C,
7. 1°C, 8. 3 CH LV 1098mm, 1042mm, 1127Tmm Th o7z, ZHIITES 24 11 RS
SHRETHEENR AL,

ZOBWEIREBMKOBBELIEHRET E/NAF v v 7 (70 i : 10XTm) BLOEE LI KXy v 7

(3500 mi : 70X50m) D 3 FEATCIEFEABRMZRTE LTz, WXy v 7 & IR KBE®ZICTE
HLDT, 74V HBRRAL TN, TNENORBHOREIZHTZ VT T XTHD o7z, #K
HE, MYy, R¥y vy 7FZENENIC 05&(1mm5m>@%%E%@%L#%i@%ﬁmb
- LB X % 25 A & AL OEIERBX % 25 HENEIT X LI T T, TNENIII AT T -
ABXHZT « rXx~n )X BVT - T N\O5EO L% 1987 F10 HD5 AmH 17 B
2T TRV, HEEERHIX, WERX E B 1Y 5REL, 0 HH 1 KEIFkEERY A
Kbto%nu%mﬁ%%T@%mié%ﬁ%%&étwm5@@1@@&&%&%Ltﬁﬁ%%?

IR DRFMEITZEAERIEBHTZ IHETHo -, TNETNORE~OFEEEITIE - 3 IR L
oo TNENDORKEOND 201, ML HMELTEOICHERER ICEME T, &0
E@k%éi05xa&mf%%»%%@%@@ﬂ%%@:kﬁ?%é(Kmmmm(w%néﬁmi
S HE 10em THEF 5~10cm (2D 7=, SMEIXIEIET T X CTORMF0NEEK T LRSI L=,
K, /WNliFx v v 7OHEERX TIEL, 7 ~AFH WA (Plantago asiatica, Trifolium repense,
Taraxacum offonale, Eupatorium japonica
subsp. sahalinense) 7% 1 AEEMH TIL, ZZ4 20cm, 10cm [ZLEL TW o723, 24 F
HWEIZIE, #2180, 150cm (ZE#EL7-, —JF, TEBEHXK TIIWTOEFTH, BRI 24EF
HIHT10em ICHE Lo 72, RN TIIEAIEX & AR, S ORIENRSL LN o T2,

(3) FAESE

M, XY v TBLOKRF v v 7O LERHX O & FEEZ/NROCRE 2 —%2 N T, %
HARKDIENBFIND, T XTOENREDLDHE T15~20 BB IIHIE L7z, BIEITEEITE bIC
@MLSO%T,%Ll%m@%éTﬁOKO%W,¢¥?77@ﬁﬁta¥&r%ﬁ%¥/7®ﬁ
B E 100% & L TRD T,

THEEKEOFHNELE 15~20 BB ZITHELTZ, AN, IEr v, KXy v 7ZNETho
TR IX, BWEREXOMFENDS T 4em £ TOHEL HEEIUHME (400dl) TEILEL 2
TR LTz, BREE T ICAEELZNE L, 105°CT 40 Bk, aKkRE2RDd7-, HEOREUX
Mg, &IK3 BHRRICIT- 72,

M. INF Y v 7. R¥ ¥ v 7ITBNT, 1988 4FIZ, 1ZT& A DM LT 5 H DORIEDOHE &
EL,9OAMNL 1L HE TOWEREZNIE Lz, HERE L7-%EEIX 05 mOEEREEZZNZEN3 5 T b
L,



WIERIIZNENG6HOY X —F 7 w7 (0.5 m) NHEILT-, BEUL 80°CT 48 IR L HaE
RO,

1988 4 5 H 7 HICA&MX L &M LXK TENETNEG L TV AT HEH~, ZOREITHE
PTAXDRKENI AT T « A XY HZT DHTIToTe, MOFOFETOAEFRITTHRO N2> T,
MR B E I EE IS B LK, 72 B NS LR ICFE TS L - (EIRE A B AF T B4 D 1988 4F 4
H 20 H2H 10 HARE TN, ZOMETHBEE®ZD 1 A1X2~7H, £0O%IEL 7~15 ARREICAT
STz, F£72, 1989 FEFK 5 H 1 HB X OFEEK 10 A 4 HIZ L EGFEEKEOREZITV, BEND 24
BRI T £ TOAEMFEEROZE\LE B L 72,

M, hEx v 7, R¥ vy v 7ZNENOGHOEERIX, HEHRHXZEZAZEZNLOa— K7 — KT
HEBL L 78R D 9 B K 60 EIRIZOWT, E&, FicH LB ERIIMNE L-EOHK, LW
ZDOEFITOWVTHNZ, REMERIZRYIOEEN > TS 1 EBLNICRELZEETH D,
AR FICAEZE U 72 BRI = DR 2, TRA IS 1988 4E1C 2~15 HREIBE CTIT- 72, AR ILA
K7 ay " DIRIEWEICY 7V 7 Lic, 51T, 1989 4F 10 A 4 HiIZ2EFFEIERO & 237
E LT,

1988 9 H 1 HIZH Y 7 &R 4FEIZBWT, BV FAEHD 1 >0 — K7 — K (FEEX)
MHZENZEN 5~20 KOEAEZHKEY, EIABNZEE, &, RIS T, EEEEZHE L, I HI1IC
BE, W, RIT 80°C, 40 FRRIFLMEE S, RpBEEA R, BEOS LM (HE M), B L0,
OB ZRD T, 72720, AY TR HOa— K7 — s TOAEFERMELS o 7R EILT
XMoo DO TR LT,

(4) HEEDER

e O EARB X OEO AR OR RS EZ ~ T HiEO ERITEMEERR 2 8) LFRLTH
Do 12720, WWHEMMIIAES 1EORKE LB LRMOENKKETI2ETORKE L, KEDFH
MITEEOFEMEBILEL, TOVEHEERD -, 7o, 1, HEOEFBRRICBITEEZLLTD
IIOWCER L, O L 2HEE (%) = (BEENTRORRX O X 2 ORGH SEX O %
R OFRAFH) X100, QR OHELFE (%) = (EHEXIZHEL L 7ZHEE O M XICHERE L Z 3%
D) X100,

(5) figbT ik

M O7 =/ ao—ClHT 258V XL OMBEBRITHEERE (r) THRELEZ, v
A4 XX, log10 (7Ol &), (mg) EEFR LT, HEEHOHBE, MBIk 2AFYE O A
73, BXOow®s WHhER, 1, 2 4 £FHMBEOES), EOATHK (BEEMRN, FIEMRE, BiE
¥, REOHMm, REORERE) NHEM 1941 X)), HrE (Fx v 74 X) BIORFRHE %
HEROAME) (Lo THEICRRDNE Ik 3 TTOSHHT TN LT,

S HICHEOHAR, MY OHBRE LOHE O T ROZISHENCRB T 5 EZRE2BETH7-DIC
G—REBLODA 2FRE LSBT T2, 26 ORBEITHE 7B L O O &5, HE
B, WCEHEOKKET X TORFHEL HV =,

Fw A, EOAEFHEROHEREIZ OV TE MBS T 2 FEOZOREE T 7= t—HRE),

2 fE g S

(1) FETDOiTEED &

AW 5 O T OTME N EE2 2D &, I XTI KHEL 1097mg, DWW TA XY
BT D46.3mg CHHT, r Y~ )XY T T \O3FIFRL Zh <1, 0.870,0.173,
0.102mg Th o7 (F—3), EIITHESEOKDLENLO LBV O TIX 104FEORENH - 7=,



F—3 BRI o USSR TR b fE O fE- TRy &,

A= oY N0

AL, BLO 7=/ o —28E LTk
Table 3. Tree species observed with seed reserve,number of seeds sown in each
microsite. Value for dry weight of seed reserve are based on three lots of 50
seeds. Also provided are number of seedlings obseved the phenology.

7 x /) nT—E U EROR
Number of seedlings observed the phenology

ZTNZEN 79%, 50% & 72 -7z, FEBHATICEBT
LR OFHOEIIMRAN TRLREL, KX
Y v 7 THRbL/NEW, 72720, MEY vy TRBIO
4 KX ¥ v 7ORERXO N & FEITEAROYP
PRIC Lo Ty TEHRHK LY IR o7z b D
EEZDVENDHAS D,

2) HHEEAKE
THEOGARIIABTHMAZBE T, —KEICHK
WTHRbLEL, KXy v 7 TRbE»ro T2, £,
WTNOEFTICB TS, HIHEREX O 75
HX XD b Ero7z (K—14b), RIEMEDER
WREZE LT, K¥y v 7O EEHK KD -
HERBEPMEITIT 20% L FTHERB L7,

4 R R EISEAN INE ¥ T R¥v v
#F 4y E Fovb Forest understory Small gap Large gap
Species Seed Number of T T T
reserve  seeds sown #RHIX  EEEX @ o REEKX @ o BEEK
dry weight per plot Bare Litter [X. Litter [X. Litter
(mg) (1/0.5 i) Bare Bare
Quercus mongolica 1097 50 38 38 30 12(13) 3 17(19)
var.grosserrata
Acer momo 46.3 100 40 40 37(39) 40 20 31(32)
Alnus hirsuta 0.870 737 11 38 25 20(21) 6 2
Cercidiphyllum japonicum 0.173 1530 38(39) 35(38) 29 25(29) 4 2
Betula platyphylla 0.102 6278 38 32 39 39 30(31) 38
( ) WO TFIIARES —HEN R T 2 £ TOEAREK
( Numerals in parentheses are sample sizes untill height growth stopped).
(2) e OEFHATNCR T DREOZFHZL( i
1) KR T Eg 2\ F
Hi 1= 10cm (24507 2 401K B 788 B MR N f

DBAZERTD 5 A RO TII/NF ¥ v 7T 79%, AN I B e A

TH 63%LWNL o7 (M—14a), LAL, ﬁ" AL i

WEEADBIIERIET & & BICIEFLTVE, 7 H RS W

MOV E Y v 7, FRAORIRG 513 R A =

NENRIKE 72D 26%, 4% L 72o7z, TDHIL S il

FIE—EDMCTHB L, EHEIMEED 9 H LI, il i g

BOMR B P EH L, WERETT 5 11 53 wk ¥ /. 4 i

HIGDITITNE ¥ v 7, KO & THEIT o W - 37 |

Tima 1¢Hl;r'dﬂ' manth)
M—14 @FxPEETHEE, O)TESAKE, ©
(V) #—DOHeFE R L OVEER,
(= S E OFRHiZA
AN (A), /NE v v 7 (A), K¥v 7 (0),
WIERBIX (TR, TEHRHX R
Fig.14. Seasonal changes in (a) relative PPFD
(%),(b) soil water content (%) and (c) litter
accumulation and cumulative leaf fall in forest
understory (A —A), small gap (A —/),and
large gap ((0—[J). In fig.1b,soll water
contents are showed by dotted line in
microsite with bare soil and solid line in
microsite with litter in each site.



3) TriERE

B L IR ZER S O R CTH 5 1988 £ 5 HWAINT, MIRICHERE L= % EOE S 2HE L
77

HHEIL, MNTERLELS, My v, R¥y vy 7OIEICELS o7 (K—14¢), [FAERKO
L, 9AND 11 HETHKRL, ZOBEAEEIIANTRLEZL, My v 7, KXy v 7OlEIZD
< 7po7= (X—14c),

(3) 135 X OHEE O AT

1) FE DK

S5mmX5mmA vy ad&HEE, WTROBFTTHLI XTI « A XY IHZTORMTOHE, Ha
Z 100%BH\\TE, % T RV X T X XF T O OAEFERIX, KN, Iy v, K¥x
v 7 EHIT T %LLTF LR, BARSFTNCER2 IRET R THKRLE (F—4), A XY =T O T
DELFRIL, KN, I Frv v, KXY v 7OIEICAEEICEL 20, 8GN 7=5imnE EALF
RPEL RAEENHESNTZ, £72, bmmX 5mm A v =2D&HEIZE > THAOHEEDHHE I
HEWH Z X, MR LEE N/ NE) (KiIKuzawa and MIYAKI 1988) PBIZ Lo CTHRiEONT-ZZ &
EEEHRLTWD

FK—4 M, My 7, KXY v T ICBTFLIRT T LA 2 YOfTDOAFK (198845 H 1 H)
Table 4. Seed survival of Quercus and Acer in three different sites at Ist May 1988

AR (%)

FiA4 PR Number of seeds survived(% survival)
Number of seeds VNZ INE v KXy v
Species sown Forest 7 Large gap
understory Small gap
Quercus mongolica 200 2(1.0) 1(0.5) 1( 0.5)
var.grosseserrata
Acer momo 200 3a(1.5) 210(10.5) 125¢(62.5)

IRXFT T IFHERK B IO BN E G CHE LA X v =7 I HER X 04 T LTz,
BRI DAL CERENAEIC D Z 27T (p <0.05 ; G-test) .

Survinal of Quercus was observed in both microsites with bare soil and litter, but only in
microsites

with bare soil for Acer. Values within a species significantly different are indicated by different
letters (p<0.05 ; G —test).

2) M o HIBLREH]

ALY I =T OHBUITNTHOSH CHLRAE L5 PR SR, T OHBIREIIMRN O EERRE X
D5 H3BERTIE, T4 A 29 BLRINIZEE 72 (F—5), A1 XY =T OoHBUT—FIfTh
M, B OGRS HE LT b2 HBURGRE D 5% T 5 £ TO ATV FROBHTTH 9 ALK
Thole, IAXATTOHEANKBENSTER, KXy v 7O EHRHX TS5 H 30 HERbEVWDE
BROFIE, MCIZES LB 5 A 28 BETIIIHBLARB LT, 7Y~/ x- YT - TN
OHBIRRE R IE, WTROBFHTHL5 A 1BENL5H 28 HCThoTz, —KICA Z Y =T « I XF
T YAy FOMBUI—FIATDN, YT - T N TEERIC BT S A DT
(£—5), 1989 FOHER OHIIT, HMADOLERHIX TS X ¥ 2T 0R 1 EELLNZIZT TH-
7o

HER O BRI, fEE FEFY A X)) BLOGFH (Fx v 7Y A X) Lo THRICR R 727,
FHK (VX —OFM) TIIAE TR o7 (3783 #HHr, p<0.0001), H7-, FlR L EHTHIC
IR BER A B (p<0.0001) (F—6),

R, WTNOBFTTH, IrOEWVWI XTI XY h=TnEmL, BroRnry~ v
XNV T e T NTREP ST (K—15), 7272 LR FIERI X TIE I X7 o HE R
3% LIk oo,
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Table 5. Dete of first seedling emergence for five deciduous broad —leaved tree

species in two different microsites in three different sites.

Numerals in

parentheses are days to 75% of total emergence after first seedling emergence

AN Ny T K¥y 7
e Forest understory Small gap Large gap
TR X T X TR X HERX HEHRHK BEEKX
Species Bare Litter Bare Litter Bare Litter
Quercus mongolica var. 23/May (11) 23/May (10) 21/May (19) 21/May (24) 30/May (0) 23/May (5)
grosseserrta
Acer momo 29/April( 3) 3/May (8  26/April(7)  29/April( 0)  29/April(9) 29/April
®)
Alnus hirsuta 13/May (8) 17/May (10) 13/May (3)  13/May (3) 17/May (0) 23/May (7)
Cercidiphyllum japonicum 13/May (16) 13/May (26) 13/May (29) 13/May (37) 17/May (0) ;7ﬂﬂayﬂl
Betula platyphylla var.japonica 13/May (22) 17/May (12) 13/May (3) 13/May (22) 17/May (0) 17/May(16

)

(

) NOEFTEA ORI HHBL L 72 B2 62D T5% OEEI B2 DIZE L7z A

F—6 MHOHBLE (%) BIO2EEBMEOAEGEE (%) O
Table.6. ANOVA of percent emergence and percent survival in the 2nd year

TR LB | 2 25 B 0 Ol
2 B K] Percent Percent survival
emergence in the 2nd year
Source of variation df F F
fi (Ff-¥ 1 X)
Species 4 78.3%*** 135.1%%**
HE T (v > 7% A X)
Site 2 26.8%*%* 11, 3%%%*
IR (V2 —0F )
Microsite 1 4.0 2.1
fili X BT
Species X Site 8 5.8%** 8. 3xHF*
i X EF IR
Species X Site 4 1.4 1.7
HIBR T X 38 H IR
Site X Microsite 2 2.7 1.0
fili X BL AT X 38 IR
Species X Site X Microsite 8 2.2 2.3*%

*p<0.05,**p<0.01,***p<0.001, ****p<0.0001
Bl (%) 13T R CEAERICYIER (aresiny ) A L7z

Data were arcsine —transformed prior to calculations.

3) MR OB

HEEOMBRIT S FE HIT, HERHKX, BEREXWNTNLOLHITH, MR THRLELS, K¥r v
T THRHIENP-T2 (X—15), ZiuE, T _XTOENHBEZBEB LT 5 A LA~ a o B mEmE T~ O
THOKSBHA, v v, KXy v FPOIEICE->T- ([—14b) =8 ThHA, F7-Z OEHIT

WERDBAEEN R E T2 IEND THY,

HERFOSEDOBIIHAN B /AT v v T HRF v v 7 ERE T

Epb$ (M—14a), FHITOEES RERERTRN-TZEEZALND, LIER->T, KRTIE
IREERFEF ORIRER & 7220 12< <, WIIKRF ¥ v 7T, KORRBFEFORIRERIZ /L ->72b O

EEZBND,

HIER IR MG O MBLRIT HEHRHXIZHAR, 2 TOETIZERTOSE TR o7,



BRL TS, BEBOHBORLZWHNTEZY, A XOKERIASTT A2 XY DT
%, ENEN T0%, 52% & mWHBLEEZ R L, RHERIX & HEEH X OBIZITA R R HBERD 2T
Eﬁ@#oﬁoLWL,ﬁ???ﬁ?ﬂ@ﬁiﬁfﬁ‘4??@&@%ii%ﬁﬁE@ﬁﬁ%ﬁEE
LT b EBEICEL oty —7F, BTFOBWILO SEOHBRIL, NIy v A ITBIFL75 v~ v )
XAEBRTIE, HERBXOGFN HEEHX LD bAREICELS tolz, LN - T, HEOHBIZKIET
A A AOEEIIFEEROARIZ L > TERRY, FERXIZBI 25 O HERT, WIhoSir
Tb, ot (Log ZH#) LA EZRIEOHEBEGEN AL (BN : r=0.951, p<0.05/h¥
¥ v 7 :r=0.945, p<0.5; K¥ ¥ v 7 :r=0.905, p<0.05, Wt n=5), LinL, HHELEHKXT
AN (r=0.977, n=5, p<0.01) ZFRW\T, /h¥ ¥ v 7 (r=0.803, n=5) L K¥ v v 7 (r=0.423,
n=5) CIIABRBRIIALN M-, Thbh, MEOHIICE X DA XOIEDORRIT
WHEROZ VI TLVHLATHY, HEEHXTIE, XV#@@ELEFMEEZ0RIT R o7,

Quercws mangwliea

vor, grogseserrata  Acer mews ol ¢

R na b LS L )

| )RR
Emeorgance (%)
2
T

2

i | J 1] - i i
BLELEAIL HLBLBL BLBELBL BLELDL ELBLEBIL
i F 5 L F & 1 F & L F 5 1

M —15 72 D FIFIRIZIUT DV EEIRLERT b FEOHE R HBLR
KR(EF), /N v v 7(S), k¥ v v 7 (L), HERHIXMB).&2EE XL, ( INOEMEITRHFEFEE L =
T, EA NI T A EOXFOEVIIFENIZE T 5B COREREN 27T (G test:p<0.05)
Fig.15.Percent emergence of seedlings of five deciduous broad-leaved tree species in two
microsites in three different sites.Histograms for seedlings in bare soil(B)and litter
(L) are arranged from left to right in forest understory(F),in small gap(S)and in large
gap(L).Numerals in parentheses are number of seeds sown.Values within a species
significantly different are indicated by different letters (p<0.05 ; G-test).

4) HEB DT RO ZEEAL

S O T RITHBG T OFEMRREOZIIN U TELL, TORELRILICRE B
7= (K—16), Hep DL ﬁzéfﬁ@%@ééﬁmmﬁétbm,%h%ﬂ@@®%%%t$%
O O HB SMRHEDOHSE T (198845 A~ 6 H) @MHEDHSHN ﬁ%if(w%&ﬂHN
10 H) OESEH (1988 4 11 A~1989 44 A) @ORFFFOAEFHM (1989 425 H~10 A) |
TR L7,

AT TIE—HFEHFT D LT RITRS HBGHTHE TIIABEREIA N> T (X —16, 17),
A EZYHTTFOHLERE, BFEZOBEHAME TCOMMIZELS, FRIIREFY v 7 Thrbm < HEH
THROIEN -T2, 77, HHEBIX L0 HEBEHIX OSBRI X DT RNEVEB 2 B iz (1K
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Fig.16. Survivorships of five deciduous broad-leaved tree species from the date of
seed sown through 2 year in bare soil (O —O)and litter (@ — @) in forest
understory,in small gap and in large gap.
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Fig.17. Stage-specific mortality rate of seedlings of five deciduous broad-leaved
tree species in different habitats.Symbols (B,L,F,S,L) are the same as in
Fig.15.Values within a species significantly different are indicated by different
letters (p,0.05 ; X2—test using Yate’s correction).

—17),  MWHEOAFHLUEL, WINOBRTTORTERNE- 7225, 2EFMAIC2 5 Lo T8
BHX TORBRIC X2 CAEZ T, MOFTHCHE~FRICE RoT (K—17),

BT e T HUANOETRE, HENOBREOMAEE TOMIIAF v v 7 ThrbE <, AKNTR
bELS 2D, e, WFROGHTH THERBKOLBEER-IX LY @rofe (KM-17). Zhid,
RROMIRIC L D2 b O Th T, LL, MEDOMSKIIANTORESEML, HckFr v
TEED L, ZOBRIBEEHTOH 2, 7 v~y b RBRICESEIR FIEMN, hey v 7,
K¥ ¥ v 7OIHICHEICELS 2ole (M—17), 2 EEHA TEY T U NTIHRATOREENE S,
BV ZERF Y v T TOREERELS ool (K—17),

5 2T MMM TR O SET 5
HBLE 2 AT A IS8T MR TRIT, fE (T4 2X) BLOGHH (Fv v 7¥AX) (12



Lo THEILR -7 (3808, p<0.0001), F7o, MEFITITRL AN ALV (p<0.0001),
MR B 2 AR B H O TRIL, WTHUOHBGHTITHLI AT 7 A XY =7 TR, "/ % -
H T . /7ﬁ/ﬂfm<@ot(l‘Tﬂo4??ﬁIT@%m%téi,k%?/?f%kkﬁ
o> (K—17), WICH BT A XDO/NENWT T I RO RIIRNTRRERY, KXy v
u%@%%fiﬁﬁﬁif AEICELS 2oz (W—17), AT T « ¥~y /x - Y713
AT, %NS O f I ;é%m%t4@%%#ﬁ#£ RO NN T,
6) FETEAND 2ABFYK TR E TOERE
FEFOBATND 2 EFIE TR E THEMER CLTFEFR) 1L, BEROAFEC»»DLT, 2
AF T TEMNTHRLE S REY v 7 THRLENST-, A XY I T TIXFOBRRIZS Th-o7- (¥
—16), T NNOEFRITFERX, LHEEHKXE LI ,it,7%VA//#®$ﬁ$mi@
BHEOHRT, MNTROIELS oz, BY T OEFERIIVICKEE—BOFEIZ»PDLT Ky v 7
Tﬁ%ﬁ<@ot(I*NﬂD@%®méwﬁ/7k/7ﬁ/hmif4 IWVPTHNOSEFTTH K IEE
XOFNHEEHE LD HIELS 2otz, L, ETOKENWIXFT T « 4 XY I T OEFRTH
WTIHHEERBOABECTEY 1372, & LA TIXEER X DIE ) OEFRNEL o7 (K—16),
B O HEBZ 2 A FIK TRR E TCOAEFRIE, B4 XORENWIRTFTT LA ZY I
FCIIEABEEDOETERICE > TEICIRESNTWAY, W2, YA X0/NS W 3FETIE, M
HEB ORI > TRELLELFENTWD,
(4) FEDOAAFRE
JEIEIARD, EIEMME, AREOHA, AEOREEEL LOREBER N THY, Ml FErvaX) B
LG (Fv v 7V A X)) Lo THEICERR 720, BER (VX —0FK) CTIIARICE,
H7eino Tz (3 74T, p<0.0001), F7=, i & HATRICIER BAEM 234 5 172(p<0.0001) (&
—7),

FK—T7 FEOWREZ R REFRIE D H T
Table 7. ANOVA of charecteristics of leaf dynamics.

JEEHE ] MR AEOHMm  AEORERR MR RIELL

Duration Longevity
of leaf Duration of  of foliage Leaf-turnover Total
2 ) K] emergence leaf fall leaves rate leaf numbber
Source of variation df F F F F F
fi (ff-¥ 1 X)
Species 4 346.9%%**  150.6%*** 699, 3%*** 250, 3x*** 149.2%***
HBL AT (F v v 7 A X)
Site 2 129.4%%** 46.9%** 171.4%%** 96.6%*** 332.6%***
IR (V24— F )
Microsite 1 0.0 0.5 0.1 2.2 1.7
Tl X H B A
Speciesx Slte 8 9‘9**** 7‘8**** 23.6**** 61**** 87****
Tl X 78 IR
Species X Microsite 4 0.6 1.1 0.9 0.2 1.8
HIBLS T X JE 3R
Site X Microsite 2 1.7 5.5%* 1.9 0.9 4.6%*
T X H BRG AIT X 8 2R
Species X Site X Microsite 8 2.6%* 1.0 6. 2% ** 1.7 3.0%*

#p<0.05,**p<0.01,***p<0.001,****p<0.0001
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EFGITORHEIER - 15 LR L
Table.19. Duration of leaf emergence (a) and duration of leaf fall (b) of five deciduous
broad-leaved tree species in different habitats. Symbols (B,L,F,S,L) are the
same as in Fig.15. Vertical lines are + SE. Means within a species significantly
different at p<0.05(t-test) are indicated by different letters.

K-8 HRLAEBLIICKIT HMETATEESE (logw Z£H#) LEDOEREART
FETREE & ORISR (BE IR 2 =)
Table 8. Relations between seed reserve (logio transformed) and characteristics of
leaf dynamics in two different microsites in three different sites. Values are the
correlation coefficient, r.

AN INE T RK¥v o7
Forest understory Small gap Large gap
TEERHK  FEREX  HEHEHKX EEEKX LEREK REEX
n Bare Litter Bare Litter Bare Litter
25 J HE S PR
Mean duration of leaf emergence 5 -0.953* -0.910* -0.956 -0.981** -0.926* -0.854
EE P BE I TR
Mean duration of leaf fall 5 -0.980**  -0.917* -0.882* -0.939* -0.937* -0.918*
EIRRBSE
Mean longevity of leaves 5 0.879* 0.879* 0.853 0.915* 0.920 0.940%*
e T iR
Mean leaf turnover rate 5 -0.888* -0.855 -0.878 -0.905* -0.904* -0.957*

#p<0.05, **p<0.01



A ZDOREWVETIIHBSG O L > TEORELMNAEICELL, —F, FErihaXo/hs
R TIEZOBILDENNE -T2 (M—19), AT T « A XY H=T D 2 FIIHKNTIE, BHEE,
WM & blcZznEh 30 HEL R TN -7z (B—18, 19) 28, /IhFr v/, IHICKFx v T &
MWD WEANZ R D I >N TABEICELS o7z (X—18, 19), 7=72L, I X T ORELFITIAF
Yy 7O TEERHX CES b RhoT,

TN )X e YT e T A NSFIFTERAR OB ERAIZIER L T X, TR
% 18~42 BT > THID TARIEZE L2 (K—20), Z O 3MIIAZESR 1 L EBHZIL, K¥y
v TN Yy T ORI DT HFREN LIEWVIIK T L TW S HRNTE 2 BIIER, B 32 R L,
FWHIZhlz-> TEZRE L) 7= (X—18), ZOfE, BEMMOHIGFMOZELIr v~y
XN TTIEEALER N oT (X—19), VT DU ARTHLENETNOEFTHFELENI AT T « A
AX T &L bR EMBGFEOZEIT NS (K—19),
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Fig.20. Days from emergence of cotyledons to emergence of first foliage leaf (a)
and longevity of cotyledon (b) of four epigeous species in different habitat.
Symbols (B,L,F,S,L) are the same as in Fig.15. Vertical lines are = SE.
Means within a species significantly different at p<0.05 (t-test) are indicated by
different letters.
2) FEDNREFL THOAREDE 1 ENRHT LE TOHIEKE FEDOHM
W EFIEMED ATRD, FIENREL THOATEDR 1 ENREMT 2ETO L, WTFhLoGHT
b, lFIAZAORENAZ Y AT (12~19 H) 238 <, FFH A ZDHZR LISV T8 (32
~42 H) bR o (KM—20a), £/, A XY V=T ZREFY A XD/PNSWV 3T,
ZORBIIRF Y v 7, IFx v, MANDIRIZAEIZELS Y (¥—20a), FF LIZGHTONHRE
DRI T T AT, FESEML TOHLARENER LBD L2 ETIZORBEE LT,
i EFEEMED ATEDFIEOFME LD EWTNOHBIGHTICHLEF A AORENWA XY =T



(29~42 H) ML, DWTAY T (53~T73 H) « rv~,nr /% (183~87T H), ¥4 XDKD
INEWT T TN (T6~99 H) D bRENo72 (B1—20), LU, HBLGHTE TOERIIHGNT
X7 mo i,

3)  AEDOHm L ZDhERE

ARIEOFMIT, WTHOHZHTCTHLFE A ADOKREWEIZEELS (K—21a), fE7IFEEs & DM
2, T XTOLFTCHERIEOHBENA LN (p<0.05), 727751, /Ny v 7O HEEHX TIX
ZOMENTRDTE -T2 (0.05p<0.1 (F—8), IAXT T LA XY ITT OEOEMIIMKNTRDL E
<, R¥v v 7 TRbELS o7z (KM—21a), LrL, A X0/pS72 3 TIE, EDHMDOE
A DI NE L, VT BN THBEENAONT-PO 2 ETITABEIZE R S o7 (¥ —21a),
BEORERRIIHM E FHOMEMZRL, WTNOHBIGHITYL, A XoRKRETWVETEL,
FH A ZO/NIVETIELS 220 (KM—21), FEFATEE S E ORIZIE, HANOEERX (0.056<p0.1)
PAMIT R CTOLFTcCHELRADOHBE (p<0.05) BNAbT- (F—8), £/, 5L LICEDMEERR
IR TR KRE¥E ¥ v T TEN- T2, LL, Y~y ) STRHAEERERALN - T (K-
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Fig.21. Longevity of foliage leaves (a) and turnover rate of foliage leaves (b) of

five deciduous broad-leaved tree species in different habitats. Symbols(B,L,

F,S,L) are the same as in Fig.15. Vertical lines are = 1 S.E.Numerals in

parentheses are sample sizes. Means Within a species significantly different

at p<0.05(t-test) are indicates by different letters.



4) JBIEE

BEHIINTHOME RN TR LD, K¥y v T THRLEL o7z (KI—18), HRNTITHE
FH A ZXDO/NENEDIZELL DEER LN, KXy v 7 TIIRERFETF A X2 b OO REE
B LM O REROZIT R R oTe, BERBOAEIZ LD BELOEMIT, KXy vy TDIX
F 7 CTHRLN, HEEHKX TORERNRKE D Lz, BAirEEs & BEK S ORI, Wi
DT CTH A ERFEBEBR N A LR 5T,

b) HEmifH, HEHEE, HEmMEE (SLM)

FIELIED I H 1 BITHRE R - 72 4 FOMEE BT 2EEO LX), FYEEE, # SLM %
FTNENE—9 ITRLE, ZORSTIEFEIEOETHL T RTHEL TWE=DTI ZIZEEENT
W, EEE, EREEDICHE YA ROKRESRFEITIEREL, B4 XO/NSRfEITE/NE o
7= (F£F-9),

YA XORERIXTT « A X2V HT7 TIIEGHE, EEE OITHBRGIEOZELEN/NI -
oo ZHUE, VA XORE ML, WITHOETHRMNORE RELREH I, % 0REEH
LTEEOY A REDEN NS DTl Th D, —FH, VA XO/NEIes T 3T, K¥ ¥
o T T NERENGRBICRERIELZ R L TTo 7202, MN TN RE LR TX 72
Mo T OIED Y A RIIMN TR /NS KFry v 7 TROREL o7,

HEHEE (SLM : g/ m) IWTNOEHTHLE T A AOKRE b DIFERT VD, EEHECLE
HIZEORBBOERIIALN 2 N->T- (-9, LL, T R_XTCOMTKEy v, IhF¥v v,
WONRIZ BT A3 < 72 212 £ SLM 233 2 mn s o/ (-9, Lo T, I XS,
TEAEZXY I T OLHICHBBHAREL R CICEOFEMPEN-M T, EoHme SLM O
MIZIXTAOMEERA LT (¥—22), LorL, HBGHHCOEDOEMOEDN/NENoTe 1Y T -
VI UNRNTE, BAERBEBRBRAELNR T, Thbb, S XFT - A XY HZTIIRWHIRIAE

£ -9 BRLEBLIICHT L EELER b MOMEDmEE, EEILSIUS LM.
Table 9. Mean individual foliage leaf area (cm2),mean dry weight per foliage leaf

(mg2),mean specific leaf mass (mg * cm-2) for four deciduous broad-leaved tree

species in two.different microsites in three different sites. Numerals in paren

-theses are sample sizes.

N2 Iy T R¥y v 7
Forest understory Small gap Large gap
THHRHX  BEREKX REHHX EEREX REREX WEIEF X
Species Bare soil Litter Bare soil Litter Bare soil Litter
Quercus mongolica 11.7 (13) 16.1(8) 9.1 (23) 8.5 (3) - 13.7(34)
1181 52 0> i Fi grosseserrata 11.2 (100 8.73(10)  8.85(14) 4.27(21)  5.53(28) 6.01(32)
individual foliage = Acer momo 0.38 (22)  0.45(20) 0.32 (20) 0.50(32) — —
leaf area Cercidiphyllum japonicum 0.13 (25)  0.13(14) 0.70 (31) 0.70(31)  1.90(54) 1.77(42)
CEHI - cm2) Betula platyphylla var.japonica
Quercus mongolica 39.5 (13) 52.4(8) 34.8 (23) 39.7 (23) — 59.9(34)
E3E o 7 grosseserrata 26.4 (10) 21.810 26.2 (149 26.2(14) 19.5(28) 21.1(32)
dry weight Acer momo 0.48 (22)  0.64(20) 0.53 (24) 0.53(24) — -
per foliage leaf Cercidiphyllum japonicum 0.25(25) 0.27(14) 1.77 (31) 0.36(25)  5.65(54) 4.07(42)
CE¥ME : g) Betula platyphylla var.japonica
Quercus mongolica 32.8 (38) 31.6(36) 40.2 (30) 46.9 (12) — 43.917)
grosseserrata 25.0 (40) 23.6(40) 29.6 (37)  33.4(39) 35.3(20) 35.2(31)
SLM Acer momo 12.7 (38) 14.1(35) 16.5 (29) 19.9(25)  — -
CEHII - mg/cmg) Cercidiphyllum japonicum 18.7 (38) 21.4(26) 25.2 (39) 15.6 (39) 29.7(30) 22.9(39)

Betula platyphylla var.japonica

() NOBIEITIEATER D%z R,



BRDWFyv v, MNIZEELHES LEMEZIEL
Teo =05, AVT - T UNTREL o THIRE
b 2 NEDFMITILEDR U E W S R DT,
(5) i DOZEIR M RAR
M ESE, 14ABFHABIOC2AFTHAOE S

i, M (A X)) BXOEEHE (Fv v 7Y K-

ARX) BLORFKE FEEREOFE) ICL-oTH
BEIC® 7 (3o, p<0.0001), +XTO
RHEAERENEEIC2 -T2 (F—-10),

MR EEIIWNTNOGHII CH A XD K&
W XF T A XY T RENEN, 6.4~10.3cm,
41~6.8cm & REWH, v~~~ /)xF- V7 -
T UNRNTIE, ENEFN, 1.1~2.83 cm, 0.6~1.6cm
BLU0.5~1.1cm L/hE < (M—24), FE1ATHE
o1& DRFIZITIWT N OGET T H A E R IEOFBE D 7
btz (F—11),
TN )X AT
Z 0 N R RN S
WHEDOD, KXy v 7T,
8 At LR ENSIMIC

#—10 AEBERHIRIOE & O, BRI
Table 10. ANOVA of seedling height in different growth stages.
Data were log-transformed prior to calculations.
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VEEEIATERT 4 FEO A% D SLM & =D
Fam & ORAGR

Lengavity of foliage leaf

22

HN (@), /¥y >v7 (A), R¥yv7 (O)
Fig.22 Longevity of foliage leaves (LFL) vs.

specific leaf mass (SLM) for fourdeciduous
broad-leaved tree species. There are
negative relationships between LFL and
SLM for Quercus (r=-0.753, n=5, 0.2<P<
0.1), Acer (r=-0.976, n=6,p<0.001),but not
for Cercidiphyllum (r=-0.024, n=4, non-
significan) and Betula (r=-0.440,n=6,
non-significant).

Sk > re

BRI log- 2844 L 7=

WAL (M—23), €D W R 7 1AEBEHMBEOEE 24EHHOEE
B“LEWIZHEENEAD L Initial Seedling height Seedling height
BYS 9 AT, A ¢ L3N] seedling in the 1st year in the 2nd year
DO height
YN F TN Source of variation df F F F
TiE 10 ARAICHEZ I i (Frv A1 X)
Wiz, 2AFMAILE, K Species 4 ABTT.IHER 971.0%*** 331.0%**
. o s HBLGTT (v v 7 ¥ 1 X)
X v 7 TETrv~n Site 9 318.6%*** 89, 4x*+% 958, ¥
TR (U F—DFH )
Microsite 1 877.T%%** 98.4%*** 1.8
Tl X B A
Species X Site 8 19.2%*%* 22, 4% ** 47, 1%***
Tl X FE IR
Species X Microsite 4 21.4%%*%* 7.2%%% 11.3%***
HIBS AT X 35 7
Site X microsite 2 6.4%* 21.4%%** 7.9%%*
Tl X BRI X FE 3R IR
Species X Site X Microsite 8 7.8%FH* 3.4%** 4,9%**

- *#p<0.01, ***p<0.001, ****p,0.0001 N B
F—11 RRL2EFHICBT LM IrESE (loguoZEH) LEE L OMG FUnIHEREE =)

Table 11. Relations between seed reserve (logio-

transformed)and seedling height of

different growth stages in two different microsites in three different sites.

Valus are the correlation coefficient,r.

N N T R¥ v v~
Forest understory Small gap Large gap
THEERHIX EEEREIX RN BEREX HEHREX RKEREX
n? Bare Litter Bare Litter Bare Litter
SRR R &
Mean initial seedling height 5 0.957* 0.987** 0.989** 0.984** 0.993*** 1.000***
1AEFHHE O & &
Mean seedling height at 1-yr 5 0.980** 0.990** 0.953* 0.969* 0.942% 0.974%*
2 EEFHE O &
Mean seedling height at 2-yr  5(4) 0.995%* 0.985* 0.972** 0.917* 0.335 0.408
a () NOBMEIIHAANO TERHX, HEBXBIOKRY v v 7ORERKIZE T DAL =T,

aNumeral in parenthes is sample size of both microsites in forest understory and microsite with litter in large gap.

*P<0.05,%*<0.01,***P<0.001.
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Fig.23. seasonal patterns of seedling height in current year and seedling height
in second year for five deciduous broad-leaved tree species in microsite with
bare s0il(O —O) and microsite with litter (@— ) in three different sites.
*P<0.05.
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Fig.24. Relationships between leaf turnover rate and relative
height growth rate for five deciduous broad-leaved tree
species in microsite with litter in forest understory(@),
small gap (A), and large gap (O)
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Fig.25. Allocation ratio to leaf,stem and root
of five deciduous broad-leaved tree species
in microsite with bare soil in forest under
story (F) ,in small gap (S) and in large gap

(L). Sample sizes are given in parentheseds.
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DOEGEN X v v T A ACHEAEDOZVITEKGFET A2 b T Tl ohEINTHD (EAI
1984 ; MivakI and Kikuzawa 1988 ; MYSTER and McCarTHY (1989)

UL, KRBROERIL, FTOMENE A XELX Y v 7 A XD 5 OBRDBIESNAEH
LTI EEZRLTWS, ERHBRETHHIXAIMIL, BNFE LR DMEAEDL T E 1T
FFPH L 25 (EA 1988 ; Mivakl and Kikuzawa 1988), L7=28-> T, BNRAFHDORNKE Y v 7D
& O RfER G ClE, A ADKRESKEBEMOENI AT T RLITHDOMERE VD Ha A b
XA THRIENRBY, BTN, A XY I TREOITEESBETIIAERO 2 A FDIFH N
RKELEBIIRDIND, DbIDOLEKRXy v T F
T TR DTIE W E B 2B
% (X—26), ZOHFFETIE, Y~ > /% -
T e T I NI EOFREFORRIZOVWT
W72 v o 7258, JENZEN (1985) 1%, FlE+

—a

—_—

i
large
||.

rmall

" 3
= s

WRE S Wy
7% |
»,

Sned disappearance ratic
R
&
]
5

|

KPR RS 1 mg LT OFET XM C b ik e

L 3BT THY, o, ZNHLIMERED Gap s

TIOVT U MIEDEDNENZ LaREL T K—26 ZXROFEDR (HER) ZHXDFY
BY, ¥x vl AXThhrboT ot v I A X EFEFY A XD R
bOLEEZ LD (K—25), FEFOREFRE (4 Fig.26 Effects of gap size and seed size
KR) LI AXBLYF Yy A XD on the seeds disappearance ratio

FEABIFRIZOWTIL E HITHEE D K & 703l
Ko THEDDLUVENHA D,
(2) HMeFF OB, 17, REICH X DR & RED

1) MmO MBI RIT TR D2

Her O HMBLZ K IER MR LEFET 5 & W oL, FHRSEFICEIT 5L < O/R, #ERE XOHA
TR BEINTUVWD (KINNAIRD 1974 ; SYDES and GRIME 1981a, b ; SMITH 1983 ; GROSS 1984 ;
WINN 1985 ; & J5iE A 1986 ; CoLLINS and GooD 1987 ; HAMRICK and LEE 1987 ; YAJIMA 1988 ;
COLLIES 1990 ; TRIPATHI and KHAN 1990 ; FACELLI 1991), ABFFETY, EEEOHEREAHE S O T %
FRET DMEMN, T XTOMET, £z, FETRXTOLHFTALITE, L, BWEOHERIHE O
HELZ G 2 2 BT HBGIHB LB TRE < B o T,

MNFHEERE PR OESHEE L TWLERTHL, E2A0, BFHP A XADORENWIXFTT LM%
YHTTTIE, HRNICBWTHEERIC L oA OHBILEORE L, A XD/ illo 3
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Summary

To clarify the charateristics of seedling establishment of deciduous broad-leaved tree species
in Hokkaido, I investigated how do seed size and seedling phenlogy affect on the seedlinge
stablishment.

Vertical growth patterns and leaf dynamics of seedlings of 31 deciduous broad —leaved tree
species with different seed sizes were examined under both open and shaded conditions in the
nursery. Among-species comparisons of seed-size effects were made as seed reserve varied by
more than five orders of magnitude among species. Seed size positively correlated with initial
seedling height, and leaf longevity, and negatively correlated with days from emergence to
maximum height growth rate, duration of leaf emergence (duration of vertical growth), duration
of leaf fall, leaf duration, leaf—turnover rate and total leaf numder. Large—seeded species
completed shoot elongation almost all of their annual leaf production in a short period,
irrespective of shading.  Small seeded species attain maximum heights similar to those of
large-seed species under open conditions by having a longer duration of leaf emergence, higher
resource allocation to leaf production, and rapid leaf-turnover. @ However, leaf-production and
leaf-turnover rates were reduced by shading for small —seeded species. In contrast, growth of
large-seeded species was independent of the effects of light limitation. This study in nursery
conditions suggested that the importance of seed size in determining seedling establishment
success depends on the relationships between seasonal change of environmental light conditions
and characteristics of seedling phenology, which are related to seed size.

Effects of seed size and phenology on the establishmert of five deciduous broad-leaved tree
species were examined in deciduous woodland. Treatments included absence and presence of



litter in the forest understory, a small gap, and a large gap. Seedling emergence of large-seeded
species Quercus mangalica var.grasseserrata and Acer mono was not reduced by accumulation of
litter in forest understory,but promoted in large gap where litter was less.Seedling emergence

of small-seeded species,Alnus hirsuta, Cercidiphyllum japanicum and Betula platyphylla var.
Jjapanica was reduced by the litter in almost all of the sites. The large-seeded species avoid the
shade stress phenologically by unfolding all of their large leaves in a short period before canopy
closure in forest understory, resulted in little mortality after seedling emergence. In contrast,the
small-seeded species had a longer duration of leaf emergence, a shorter leaf longevity,and a rapid
leaf turnover in all the sites, a trait resulted in attaining similar height to those of the
large-seeded species at the end of the second year in large gap, while their seedling survival and
height growth rate decreased after canopy closure in forest understory. This study suggest that
the importance of seed size in determining seedling establishment largely depends on the
relationships between seasonal changes of environmental conditions and pheological traits of
seedlings, which are related to seed size.
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Appendix 1. Seed germination and seedling development in 13 deciduous broad-
leaved tree species observe in this study. Species are arranges a , b, ¢-*~-*
m according to their seed mass.
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