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Effect of the site conditions on sapling dynamics of Picea and Abies species
in a sub-boreal forest

Naoyuki Nishimura', Yasuaki Akaji?, Satoshi Suzuki®, Shigeaki F. Hasegawa*, Kiyomi Ono?*,
Akihiro Sumida*, Toshihiko Hara*, Shigeo Iida®, Takeshi Seki®, Shigeo Kuramoto®,
Hisashi Sugita®, Michiko Nakagawa’, Michinari Matsushita®, Muneto Hirobe? Daisuke Hoshino?®,

Michiko Inanaga’, Shin-Ichi Yamamoto'®

To understand the mechanisms of species coexistence in sub-boreal forests, we examined the differences in

responses of three evergreen coniferous species to environmental conditions at the forest floor. In 2008 and 2013,
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all saplings with stem height = 50 cm and < 200 cm were censused in a 100 m X 100 m plot established in the
Taisetsu Mountains, Hokkaido. We took hemispherical photographs at 441 sites within the plot, and direct and
indirect site factors were calculated for each photograph. The direct and indirect site factors for each individ-
ual stem were estimated using a locally weighted regression smoothing method. We calculated demographic
parameters and the height growth rate for saplings of three species, and then explored the relationships between
site conditions (light, microsite, and stem crowding) and population dynamics or height growth using generalized
linear models. The survival and the height growth rates of Abies sachalinensis and Picea jezoensis saplings
increased with the indirect site factor, and those in Picea glehnii increased with the direct site factor. The
microsite conditions did not affect the survival and height growth of saplings of all three coniferous species.
These results suggested that the differentiation of the responses of the saplings of each species to the light
conditions at the forest floor has significant implications for the mechanisms of species coexistence of Abies and

Picea in a sub-boreal old-growth evergreen coniferous forest.
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1. EUHIC

HIBR B ICFAET 212 2R DS b, FMEERIT
2HFOBFEEDK W0% %2 HDTWE . Fijz@EL T
K S I WRZE & SRR R RS &, BT - Y - T
FEH I REKE L IRE LM Z - o B & v S AR
ST B . F Ok TRk O TR R I o d6 i 50
~T70° DEIFAICH Y, 2—F ¥ 7 KEE L7 AV B K
DEE DR R WO T 2 S ER M (Archibold,
1995) &, HEFERSARICERALT 2 ETELHMERERTH
v, btk (boreal forest & % \» 13 sub-boreal for-
est) EMEIEN T 5. JLAMITREERK 1200 77 km?
WET S EHEINTE Y, Buic o THFIzIR <
SIET B TH B (Whittaker, 1975) . /- T, dbh
MAERER DEEL 2RI E D 20981, TR RN 7%
B A S HEREUE T OBRBEGR S CLEARR R TH 5.
oI, 20 &S bR AT L T 2 FARAERER
WL T, I FREROSURRE O S#e 2, B, &
W REla EORENPRIBEINTw S UM,
1994 a, b HH, 2010 ; #AFHIEH, 2011 5 PFEAS « R4,
2014) .

FEN T KB\ I U 72 $TEERF OB 5 3 2 Bk iE —fi i
HFEE S EERIM & DI, HARIC BT 2 3 E 2 fRAE
D >TH% (Shidei, 1974 ; ZHIZH, 2012) . A
& U CRHEBER O IR RT3 2 B a2
WAk M ERMICEEN D ER-REE,
2014) . HARTIEAL AR & HE LR & E XA 3 2358
bH DM, EBIZ MY EIE Picea £ T 2E Abies M
DFERHEFETH 2 2 3B L T 3. JLiEEEEI
ST BASFHERM I Y~ (Picea  jezoensis
Carr.), 7/ == (Picea glehnii Masters), b F
~ (Abies sachalinensis Masters) 5, ZMN o HE L

HHEERR T b Y v (Picea jezoensis Carr. var. hon-

doensis Rehder), 4 ¥ Z Y (Abies mariesii Mas-

ters), ¥ 7 EY (Abies veitchii Lindl.) »53 ZRERE
BThd. iz, 20X B PV EBEEIEBOEFL
7ok 1, RSO EERHEMM AN, &
GO b B L E SBOBML 2GS, HKE
THSIEERIAR O R ERSIE X T 2 o MoefE £ TIRIZE U
ORI T I N/ MM EeRTEdhs (B
e WA, 2014). DF D, ThoDHEMRTIE, Mg
o TEE TCOERENLEEICEWTMVEEEE IR
DHVDEBERNZEMPICE R D & X 5 BiEEIRE
RET DL, T IIWXFERLERE O S HHEMOESF b
HFHETLEFEZOND. VD EDDERRNICE T 54
TE DML L 7- D35S & i 2 I IC T 2 2 & 13,
FRFCBEVWTH > EBEALODHLT —~DVEDTH
D, MU EELE SEOHET 50T SRR O FETHE
R 2 T 2 -0 OBEELFETLH S .
ISR IC B U 2 Bl Y — 2 BB %
Waie LT, BoHFmPERERE, LT Er4e
) R EOEFRIIICE D 5 £ LR (Veblen,
1986) , MOEHELIC & 2EBREMEHE (EHFr=—v F2 L) I
9 2IE (Miyadokoro et al., 2004 ; Taylor et al.,
2006), EFEDOEHF Db EZ~A 7% 4 b OFHE
(Simard et al., 1998 ; Narukawa et al., 2003 ; Mori et
al., 2004) , ffEfK & DFi% (Mori and Takeda, 2003 ;
Nishimura et al., 2005) 7 BT 28E1H 5 . [FkE
2, HEROILGSHEERMRIC B U 2 8ELE 2 EE T 2 2
e LT, EHEfEOE N, HIKEREADINE RS, 6
AMEBEHF R EOEEENRINL T WD B 2 I,
Kubota et al., 1994 ; Kubota and Hara, 1995 ; Hiura et
al., 1996 ; Takahashi, 1997 ; Nishimura et al., 2010) .
LarLands, HROILAHERMK TITbh T&EIh
S5OMETE, HEro2mBEORIWCHYET S,
BARJE D SIERAREANET 2B O BB KT TR IR
Bo~xArzav A b (EEEE), MARMBIFOREC
DWW T[RIRFIZ AT U 723531 & A E 7 < (Tijima et
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al., 2007), JdLJTSFEERARORIREITE ICE 2 U T HE
B 817 2 BB OREMIZEIC DL T ic B S
N Tz, Nishimura et al. (2010) &, BHAFIL A
SHEEBIMIC B T 2 BEEREDY 1 om LEOEEZ R &
U 7o ST O (EATEENRE L iR BR Ot » o, =V~
YV, TAHTY=Y, BEXUM YO 3BEOLFIC
&, TETOMEHEREOE N & Bx 2 REERTO
BRI OPIELEE L RE 2RI L Twd 2 2R
L7z, R, ZnsofEfEssRofRIE, Mo
ZEMGAGRE E BRI BE T 2 e R RBLTE Y, H
BIHIDNE % b < 2 BB D AKVAE 2 IRE T 5 HE
RERNThDL EFZoNSE. —/HT, ERBUECEL
7RI B CESBERIC A WIER T, MBI
LHEH = T DFEOPLFFIC L B EEEOMES, %
DE DR EERECB T 2 EMEE 2 IET 2 BN L% D
ZEPHEHIE NS . DE D, HEHHIC BT 2 NEREIC
9 2 IR DE ORI ORI EE R E 2RI LT
WwpEFEzZHND.

Z 2T, AU TIRAERER RS TR AT
FTEIYRY, TAHAIYY, BXU R~V ORI
2B A EAEEHEIE S, 2 T THRERE DA
DWTHHLMCT B AN E LIz, Frig, &HiEo
HEREDREE 2 ERIVICIEBE T 2 ik LTE&REE» S
HETE S NI MRNEAST R 2 F VLT, JEEREE I 2 FEf
HoEoMEZICER L, 2o ORRICETHR T
» % Nishimura et al. (2010) ZhIZ z#am» o, HA
OALTTHEERIMIC BT 2 FEIFD X =X AW DWT
IVFLLHEBETZ0DFE 2T,

2. BESE

2.1 AEHh

AW A EE )R] EZR O KR EW O < WA 3
2 PRI H ARSI EER R A AR (JhfR 437407, TR
143°06, FEE#HT 1000 m) B W TiThbhT:. KIFEH
ERFILERIARS 1 ERFIXA, 8 X OKZEEK
PICAIE U, TEVIFESEIREM & U TR £ O A AL
2T T Wi Wb DBETIRAED R IR ISR S 5 FRPE
HWEDOVEDTH L. AMSHNICIIMEER I1m Ak
i 30 m LA E OB S HWAEIE L, IR 3 MO 5 1
5mB EcELTWS Lo FEAERE (old
growth) WZHLHMEF 2 o5 . FEHH» S JLVE I
#9930 km O FEREWC H 245 324 m o LI AT O BT T
X, FEEREIERN 5°C, ARESIRIX 8 AR 19°C,
ARESEIZ 1 HofH— 9°CTtdH % (Nishimura et al.,
2010) . F7z, FEH SILFEICH 14 km OFEEEICH 5
JEEED 7 2 5" A EEIH 5T BT % FREAKRIEH 1100
~1200mm Th 5. FEHD H 5 EEE# 1000 m 12 B 1)
R EHETE GREKBE100m H720 0.55°C) T2

CEFHRRII1.°CE D, £, B OERIX
31.3C- ATh % Z & o, NFAEHAIIT X HIEHEEE
BIMRDBIL S 2 SR (B, 1989) TH 2 Z ehibh
5. A& TIX 11 A~F5 A 7 » ARBLE < A
WKHEENAON, RAEZEET ImU ks, KH
BTG DO FIEIZR NV AL HET L B EHMRHETH
3. Flz, MNOFMERAIZ 107 AT &, #Hi 3
HIRER DG TH 5 .

AFAEHNC AL L T 2 LRSI EEBIC B 10 25
HEREE, NN~ (Abies sachalinensis), T <
(Picea jezoensis) & 7 71 =Y < (Picea glehnii) D
WARSIER T 5. i, FEMSAICIE, SAREOE
IEINEERI D 57 ) >N (Betula ermanii Cham.), /N&
AKEDA A7 Z 38 (Acer  ukuwrunduense Trautv. et
Mey.), 77 »~F (Sorbus commixta Hedl.), T/
N AYF X (Salix hultenii Floderus var. angus-
tifolia Kimura), #KTIEE & 50 cm N OERFED
F A NA % (Vaccinium smallii A. Gray), 7 A/ F
(Vaccinium ~ hirtum Thunb.), & ©@ 2\ Y Y )N 5
(Euonymus macropterus Rupr.), =Vt awv ¥ v R7
(Lonicera alpigena Linn. var. glehnii Nakai) 7% E25H
BL, REILUHMHTILS Ao 7 <A %Y (Sasa
senanensis Rehder) WEAEL TWwa. 8B, RigXH
DFZNTKRIE - LI (1983) 2k 3.

2.2 RiFAE

FHEHUA D JRAIRAE 12 B 2 Jb 7 SFEERAR I 1999 412
HHE 2ha 200mXx100m) OFEEXEZREL. &8,
APRGFIE 1954 42 9 HwcdbigaEic BREL 72 BJE 15 5 (il
FRIAGRAEBE) 1L VRS BBELE2Z T TR WG
T, TOMALEIE L EDREBIZIZEAEAS LN,
72720, Z OfILE RO LR I GPEAR % B L 72
RN OB oS80, RFABRXIZT
XL FD LD G E#T CREERTTo 2. HEX
PIZ R L 72 S B 5 cm BLEORIA Z 551z, 1999
FlZ 2haF#AEXAND 1.5ha =, 2000 F121% 0.5ha
BWTEBARHAEZIT->72. & 512, 20004121 2ha
FAEX AN T 50 cm PA L, METERE 5 cm KD TE
KiZOWTHEAFE 2T 7. BARHEIZ, B, B
I, BB s L OFE) 2idskl, SR,
BE ME»5533mx TOBDOA) OHIEZ2IT-
7z, MEERZE S cm RO FTEARICOWTEEE~A 7
oA b RAREREE (R, BIR, £FHOM ERER
D) dEEC KA L TRk L 72, 2004 4E 9 H, 2008
f£9 H, 20134E8 HDFF 3 [, miElOFARICEFL
TV T RTCOFERICOWTHARZ2ITo72. ThEh
PRI U T 7RI D w» TIIFETIRRE % fosk
L, EFERICOWTCIE, AfEFEE L Rk ik Clos &
P ERTE2FMEE L. £z, F2BE 50 cm A
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iz o TR R FEUIMAE A & U Tk, TG
CRBRIC, KIfE, RTiiE, B8~ A 7 ad 4 b 250k
LT, EEllEL:.
BARHEDOKERICIE 2ha HEXNO 5mX 5m O XIH
B AMEIREE (F v v 7 £ 72 38R 2EEHkL
7o, R CIREAXE O Eo & F S 15m ML EDOAME
BT EHREHENHRIC L VU RBTH S &=
¥ v v 7 EEFHE LT (Nishimura et al., 2010) . %%,
AIFSE T OMIE DFEAEZBIEHIE T — 5 > SHERI L 7o AR
Mo OMER CEHMICIE 15~25m) 12D W TIRE
Uiz, 7z, MRAEE 2 CEWICEEST 272012,
201246 H (9 HCHEH» AT E L 2#1T7>72) 12 2ha
FAER AN O PEREESF 100 mX100m KW ICHBWT, 5
mX 5m A& T DR 5 441 T CEKRKEB DR 2175
oo B Er o EmESH2m T, TE 3R 0E
KEFICHRE #1T-o 7. @R G HEIRFZ 1E NIKON #48 7
Y ¥ )7 A7 COOLPIX4500 I [Al#: % FISHEYE 2 ~
N—% FC-ES IRV v A %EEEF LI b DEHAVT, &
TEBHZZARE I & 0 BHIOEFNC R SR, D, FEROD
Bk 2EGEORINNT VI IIT, WOHES.3 &
Yy ¥ —HE 1/2000 BOMHAEDEICEEL T, T
ELRURA—HD 2~ 3EHUNCAT 2. B, I
%, B E 3R TiRE L EE%E2 PCE=
Y — CHERZAITV, BHMEE £121384, B2 0IiER
BT H - 1o a I A HERE 2 T 72

p.3 BRI
P.3.1 HMEEE
AP T, 2ha WEKKZ 5mx 5micH# L7
800 D& XED 5 & ¥ v v 71 HF S Lz K
B, RRICED ¥ vy TEMEHE L.
Fo v TERHE (%) =ZZE <100 (1)

e, 1FEBCF vy 7R SN 2HEEF v v 7
R, iz, v v 7HSEET 5 £ MERE
LT, Zheofiz, zhzhXRc L O#EE L (F
A« 2058, 2006) .

F v FEEE (%) 4E) :< Mﬁﬁi@%ﬁ/ﬁﬁgﬁ%é%’Wﬁ%ﬁfé/ﬁ’é@i’? >

X
(g ) < 100 (2)
#ﬁgﬁﬁéﬁ% (%/E) :< zﬁ5%@@@7/?/:*#’é@%ﬁjﬁfﬁﬁ%ffﬁigﬂﬂ >
X (—ggr) < 100 (3)

2.3.2 HAREARBERE

AWsE T, 9, FEMS ORE 50 cm LA O
AREERME 2ICE T 272012, TR 2ha FAERAN D
2008 FF1Z B 1) 2 & B o FE g e 8 (oEAR & F
[EAR) BrUOHBEE2EHL, B&1.3m Lo

TRTOEOKEFFAED &8 2 & s BmE &
i (BA) 2HEM L. —F, @RKEHRE I 2ha #E
XN O FseERsr 100 m X 100 m (fEifE 1ha X) 1D WT
To7z7z9, HEROMEIAREENRE® Z i KIF 3 BB 22N
DOFFFTIZ DOV TIE, 100 m X100 m KN DEARFHE T —
Y DHERMRLT. £z, MR OMEETEEIREDOMENT 21X
2008 FHF £ TR A3 50 cm BA_E 22D 200 cm BATF o #
2R E LT, 2008~2013 FEOHAMIC BT 2 FEH 72
D DIETR, FHMAR, B I OMEREEEY[af R
ZNEFNLLTORTHH L (Sheil and May, 1996 ;
Laurance et al, 2009). & Z T, N,, N,, 8 X ' N,
X, zhEh, AEPROVIOICERFEL TWlRE, ¢+
FHRICER L TR, BIU t EREERL AT
b5

LT (%/ 4F) =In(4F) X 1/£ X100 (4)
FHIMA R (%/ ) =In(R)x 1/tx100  (5)

IERET A (% ) = (PPEFH{PIATE) (6)

2.3.3 MAMEXHEDEH

100 m X100 m KD 441 i T S L7: £ KE
HOT V¥ I)VHEG, ol L5 2 m (TEOMRA R %
FERT 27201, 7V —Y 7 N ThLHEEE GG
v 277 A LIA for Win32 D KEGHEAR Y S 2 —v 3
UHRER FWVWTC, MEORZEES, MiE LIcBI) 52K
HEPERITN 2 gt S B § 2 RN O E TR %
EDEEEE2EITETH S, DSF (direst site factor),
ISF (indirect site factor), TSF (total site factor)
DOHEE #1T> 72 (Whitmore et al., 1993). =¥, Z&Kif
9¢Clx, DSF, ISF, TSF %, ThZ Nz HEHEN, &
Fot, SXOMWAREIS EEE L. 2 RHE R E
DSF, ISF, TSF o#t @i, HAEHERICB 1T 5
BIAREEORIGRE TR FEE L T6~9 AL L.
F7z, HoptisIc B 2 EDE, B, 8L UKo
MNAREIG (%) OFEMEEZIER L. 61, &
BRI AR DARTCALE IS T 2 TR A O X FERR & Y FE
BEOENEF DOARNEGEHEST 27012, /23T X
MY v ZEJRD O & DT H 5 RFTE AT B EE bk
IS L7eF#E (Roff, 2006) %3 H iz,

2.3.4 MEOEABEISEPEEHRREMKIRIESDE
R

MERF ORI E 2 RIFTERE R BER 2 HET 5

7z, 2013 FAZH 72 B 50 cm DA B & g o o R &

MG, EERCHRAARNEE, BEDEHEANASES, <~

A 7uay4 b ORERE 8, maEkEogEico

WTOmES Z1T>72. 100mX100m X% 5mX 5m I
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XD, AKX BT 2 S TEOHERS OFraLIA
B HZER, EEEMNARES B X OHELEMRAA
BIEIE R3S E LT, K7V VO 2I0E LT —&
LEIEE TV (GLM) 12 & D MR GERES O 522 % Ml
L7, Mk ~ 4 7 a4 s BIFHEINAICS 2 5%
BIZOWTIE, ZHEREBICEIVBELL .. kB, e
FE L7z 100 mx100 m KA DR - BIROKRE~ 1 7
a9 A+ OEBEIEIE5.3% (LHEIE», RFEEKT—
¥) T, AL TIEEFEOMRE D O MBI EEES X
FEEAERWBDELT, ZORE~A 7oy A Mk
HErHE L L CTHRERB I BTz,

FERI D TR R E 1T D W TiE, 2008~2013 4ED 5 4E
Mics 1 2 £BEE B L CEFBEEEEE (cm/
yr) ZEHZHEE L, BV oS A X, EEEk
WASTEIE, BELDEHRNARES, E&~A 70y 4 b
(REFEBE L L8), 8LV, BAEVED 5 DOHEER
DHAZRUC T 2 — L E TV (GLM) %HEEEL 2.
B O 5 FEMOBERERIX 2013 FICHllE s
B 5 2008 FEDORE EZ LIV TEM U hs, KT
T, ZNSDENYA FARZZRSIEETH, 1 F
ARRT =8 L LT ER L. 72720, 2013 4
EE S CARMZE DN REPFACTH 28 E 50 cm £ D & H
HINE K I o BRI D W TR » SR L 7. %
7z, HEWUFEAERDRAEVER, UMTOXTHEE L
(Prévosto et al., 2000). & Z TIIffEAEIE, ST MEE
DL 150 cm DANIZATE § 2 0 R EER L D b EESE
WlEfR & ER LTz, (AR L 2 R ORRTTALE
SEHL, ZOfED 1cm KEDHEIE 1em & L TEF
HE1To72.

BEAB U ZZtan’l[ (/ﬂ/@ﬂk@ﬁ;‘gﬁ;&%ﬁ@ﬁﬁ) } 7

7B, FEREEEOET VTR, ZRER~V X —A
53R & EHIS A R IE L CTET R B 2 2o 7z . AR5t
B 22 TOGLM O TIE, SAZRORENEE
REH MBI OB E T 2 HANE L GRELL. *
Tz, BBHZERIC 381 2 MR 217, sWiEBI 0 22
W Ik BEANCHEREL 7.

3. BREEBE

3.1 MoEE

2008 £E1Z B 1F 2 THIfE 2 ha FHAEX N OFHE A 50 cm LA
L O®BHEIZ 4925 KT, FAEXKICHBH L7 THED S &,
bRV OHBEBENRL S Lo (F1). KT
V=Y, THIYRYOIHTHEBRED S, 2hs 3
B THO O LB D 93.6% % HD T Wiz, BEENO
BHIZOWTIE, WEETIRZY Y L b RV OB
DEIGNE L, TR ZNMEARD 38.7% & 35.1% %
HDTHBY, TBTIENRYRN56.5%%2EHDT, &b

HIRE G E ot 7hHZY <Y OHREST, HE
[B - TRELbicosEICERTRbEL -7, Th
5 3 BEOMBEAR DM EEZEOVHE (HEHERE)

X, PR 38.2 (£0.9) cm, =Y <Y 53.8 (+1.5)
cm, 7HITY<Y53.2 (£2.4) cm T, & 512, K
fEERZRIZZNZ71.6cm, 109.1cm, 107.4cm T
boleZ s, EEMIC Y EE 2FEOBY 1 kT
TED N PR VIHARTREWEAL D > 7. FHEXH
OEMEEREET 3 45.7m?ha ' T, TV VIEF
DS HDAT.4%% D, SHEEMS 3 B O < My i
MOBELEIGHPROEOEETH- 2. Z0L5, H
FEHSERIMRIC B W TE S BICHART MY B BOIAE
A ZREW EFHFRC L Ao BHRTH
% (Veblen, 1986 ; Taylor et al., 1996 ; Kubota, 1997 ;
Antos and Parish, 2002a, b) . %7z, HAODOHE L
TlX, "NTEDHEMEIEIBEBOAA Y IEY OV IEY
IR TERE L (Miyadokoro et al, 2003 ; Mori and
Takeda, 2004), [FIERiCIbHEEOAGST#HEEBIFRIC 5T
LRV RERTZY YR 7Y~V DOEMIE
WZ ERHESINTWS (Suzuki et al, 1987). -
T, KFEEMS TR, =Y~V T HhIV Y DEHGD
REHh6, s 2/ eV ICHARTE D EH
HEICHE2EFHZzZoh, Zns 3BEOMERTOE)
RBOEVIITEROEFELELAT 2BEELHRTH S &
HHlsNn5.

3.2 FAEXADMBIRELZD b FEDEL

2008 2B % 2ha HEXHO X ¥ v 7HEF G X
33.0%T, 20131213 34.0% b T ML /2.
2008~2013 D 5 I BT 5 Fv v 7 EHE E X
0.5% yr—', MEPASHEIX 0.3% yr! EHEES T, Z
0o OfED SHEE S NI M DX R (PR - E
5, 2006) 1% 267 FEELFFEINT:. ZOBRIEE, NV
DAL Si#HERIAR (Kathke and Bruelheide, 2010) < H
KOG EEERFI (Henbo et al., 2006) B3

R 1 HAFILFHIEBRMAD 200 m X100 m FEXKIC BT %
HBURHE & 2008 SE DM & TIBIC 36 1) 2 A o HE
(FE =50 cm) .

Table 1 : The number of stems (height = 50cm) for species
in canopy and understory layers in 2008 in a 200m > 100m
study plot which was established in a sub-boreal evergreen
coniferous forest of Higashi Taisetsu.

2008 FFIZ B 5 HIRFE (2ha™)

B M G aat
k=Y 147 2546 2693
V=Y 162 1342 1504
FHIN Y 75 338 413
Iy N 35 169 204
ftfetfED — 111 111
sl 419 4506 4925

DEAH TN, FFATR, YNy avFF
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Table 2 . Means and standard deviations of the site factors
estimated from hemispherical photos, which were taken at
441 points in a 100m X 100m area in a sub-boreal evergreen
coniferous forest of Higashi Taisetsu (Values in parenth-
eses are the range of the site factors).
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Fig. 1 > Frequency distributions of the site factors estimated from hemispherical photos, which were taken at 441 points in
a 100m X 100m area in a sub-boreal evergreen coniferous forest of Higashi Taisetsu.
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Fig. 2 : Isopleth maps in a 100mX100m area for the site factors estimated from hemispherical photos, which were taken at
441 points in the area in a sub-boreal evergreen coniferous forest of Higashi Taisetsu.
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Fig. 3 © Stem height class distributions of living saplings of three evergreen coniferous species (height = 50cm, and < 200cm)
in 2008 in a 100mX100m area in a sub-boreal evergreen coniferous forest of Higashi Taisetsu.
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Fig. 4 : Spatial distributions of saplings of three evergreen coniferous species (height = 50cm, and < 200cm) in a 100m X 100m
area in a sub-boreal evergreen coniferous forest of Higashi Taisetsu.
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Fig.5 - Frequency distributions of annual height growth of saplings of three evergreen coniferous species (height = 50cm,
and < 200cm) during five years in a 100m X 100m area in a sub-boreal evergreen coniferous forest of Higashi Taisetsu.
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R 3D HAFILGEIERBIARD 100 mX 100 m K2 31 % $FZERT 3 BIEHERS (BIE >50 cm 222 <200 cm) O 5 [ O EAFET)RE

B L OB R R

7B, THMNOBIEIZ 7 — N A N7 v THERSAIC & 5 5% EHEXM 2R T .
Table 3 - Population dynamics and annual height growth of the saplings of three evergreen coniferous species (height =
50cm, and < 200cm) during five years in a 100m X 100m area in a sub-boreal evergreen coniferous forest of Higashi Taisetsu.

Values in parentheses show 959 bootstrap confidence interval.

wan e W A o e
(ha™Y) (cm) (cm yr=)

bR m 02.250.6 o 07 o psaiam Gaioton 856
I o7 851533 (5 13-4.00) (5323;19 (Lzé§é3& (L;Qig)
TAES 8 925532 (g 93y 59) (BOifijﬁ) (25§f23m (ugﬁﬁe)

R4 DHEKREILHHIERBHFD 100 m X100 m KI< B 2 SHEE O 5 ER O LT U CTHEREREE 2 & 3§ 2 & 7L O M S
7=

B, FENNOMEIIEHERE R RT . £/, KFEOYIR ERHREIL p<0.05 THAETH S I L ZRT.

Table 4 © Estimated parameters of GLM models for the effects of forest floor environments on the survival of three evergreen
coniferous species during five years in a 100m X100m area in a sub-boreal evergreen coniferous forest of Higashi Taisetsu.
Values in parentheses show standard error, and intercepts or parameters marked in bold are significant at p < 0.05.
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Table 5 : Estimated parameters of GLM models for the effects of forest floor environments on the height growth of three
evergreen coniferous species during five years in a 100m X 100m area in a sub-boreal evergreen coniferous forest of Higashi
Taisetsu. Values in parentheses show standard error, and intercepts or parameters marked in bold are significant at p <

0.05.
BV
1
s i L] HELE BAHEVE ~A 7oA
FR=Y —2.026(0.946) 0.023(0.005)  0.038(0.049)  0.220€0.062)  —0.466(0.203) 0.311(0.458)
V=Y —2.503(0.918)  —0.001(0.004)  0.029(0.044)  0.294(0.043)  —0.315(0.104) 0.931(0.669)
TAHEY=Y  —1.580(1.667) 0.003(0.010)  0.152(0.073)  0.119(0.083)  —0.117(0.230)  —0.026(0.820)
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7B, EIMNOBEIEERE 2R . 272, KEOYIN L RUREREIE p<

0.5 THETHD ZLERT.

Table 6 - Estimated parameters of GLM models for the effects of the site
factors on the recruitment of three evergreen coniferous species during
five years in a 100m<X100m area in a sub-boreal evergreen coniferous
forest of Higashi Taisetsu. Values in parentheses show standard error,
and intercepts or parameters marked in bold are significant at p < 0.05.
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F =Y —0.714(0.338) —0.156(0.031) 0.079(0.029)
V=Y —2.155(0.266) —0.060(0.021) 0.152(0.019)
T AR —2.364(0.810) —0.022(0.068) —0.033(0.076)
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Fig. 6 : Responses of the height growth of saplings of three evergreen coniferous species (height = 50cm, and < 200cm) to
the direct and indirect site factors in a 100mX100m area in a sub-boreal evergreen coniferous forest of Higashi Taisetsu.
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W (Mori and Takeda, 2003) »%, MEETO F v g
OfEEY 4 XFE IBICHARTKREL, Z0HFMHEL
(Antos and Parish, 2002a, b) & & T3 . dLiEED

JEASIEBRIC BT HFERIC, b =Y OFEEHRS
BV RYRT IV VI HARCEERE L, L0
BEWHIKR TORESRERICHNTH S Z L3515 Tw»
% (lijima et al, 2009 ; Bontempo e Silva et al.,
2012) .

SefTHFSE T % Nishimura et al. (2010) X, BHAS
LSS EEBRIC B WV CTHIRTERE 1 em DAL OBIRO @A
BB MO, BEOBFEREBII LIz 25,
F70 5 R X % 3 Bt O BAMR B R D 4G
FEFED NV — R4 7 RO & b EBREL Tw»
k%L, PRV MY EE2BICHRTIETE
L, FaapE WS, EEREEOFHIIARE I B
TEFTHS. —F, bRV IZERTHRERE TOIET
FMED MY EE 2 I, Fay LRy A XL w S 45E
R B W TRPNICBLLICH 5. ZDD, HElE
WBWTEBMINEZVED NNV ETHIY Y
DO E—H AN 2 B BERSTFET 25, 22M9MHH
HZHEW NNV DY <Y OMICIZ— AN s 5
BRIIEELRW. 3512, P FYOTFETOHBME
BEIE bV EBICHANTE L, THEROZMSMHNEL
BV EBT ATV EOMICB W TER R
DT B, LIAN, 7THZYV YYD TE
K EMBEARDH TIIEWICERSAANER ST, —HRA
HIZR S BMRITEE L v, 7272 L, MifsiEO T EARR
BILUOMEREOHEIZES & b T > 5 A% 22546
fRizkh v, BmFERIELEL 2. B, HROILS
SHEERIRTIE T A TV~ Y £ Y Y VIS EARIC
ZWBEWIFERIMNRENT WS (Kubota and Hara,
1995) .

RERD & 5 e RTER O BERBALR & 22 A AEEE & A
FRRPOFLET 5 L, TEABTIEZ v ¥ Aks46H
BERTZY Y ET7H YT, fIRE L OB Z
FA b L TOEEN L BEDEICN T 2 B RE O IRE D
EOIZ LD EHOBENRESND . o T, HEMI
BRI D X 5 % EH = F (Grubb, 1977)
NERDZIENING 2HEOIGFEZEEL T D L
HIxhz., 72720, AR TRL 2EIEOEH = v 7
DEWIE, FREREEREE & W 5 MR RE I & B L 72 A
WCEEEN T3 (Canham, 1989) 4%, D RN
DRI T F v 7 A F I 7R (Fvv7oHE
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and Busing, 2000) .

—7, FECHMCHERET2 Ry ey <Y
X, L 7 BEDEIREEEC & 0 B vic— G A e s
BIfRicH D, TIE» S FEANDOHRRERICB W TDNE
O < G & MR TE O E O 2RGE E T O FEAT 75 B
Y—rrHleo L, INNING 2BEOHRFERZ(EET
BHHLELTEHEZONS. 8612, PRV ETHIY
<Y OMEE & TETOBFBMROMIRE, TEIZET
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WFSeEE (21570027 38 & 1 25440233) L L THEMS 1
fo. &z, KFROBEHFARICH Y, ILREREER
RBIEWTZ2ATIC & % 2008~2013 4E5 O L [FRFFEE, B X
U, BEARICE 2 2008 EF & 2013 FEFEDE=F ) 7
T4 1000 FEEIEOX T EZ T, S5, HHTO
BATELEREERLICEL TRz
Wiz, FIRETTERT HPETEL, AHERFERF
Bed:amaEmtsekt  FAEEARE L, ZEARYERFEEEY
BIFEAMER BRL EELE, oo i, SFERICS
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