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HBHY, EEBIZDLIRELXLFHC LR -T, ZhETCHEBEOFERYERTABA (BA
¥) DEBERRDOEBENIITLLOREGIL, HAFRROEABELREL QW 5EE2
bhad Thich] OMBIcER LIt ROBAILE TN » T & 319186505

FLTCEDOFKER, FHTET, GRBRCIHERRS 20081 (THRES) rEETHD
DB HERNPRCRORCMIEY F LR REAVOBEL 2T 58 &, M TTHIRES
DEE Clov e, MUARLT % L BFEFEBRITRHARE ), BAVEEZE LALERSHE
%, excurrent tree-form & decurrent tree-form®, EFZ T b OBE R ThLh 8 7 5
BRIC =2 VEBHETSZ LI L) BRDERLH, 20 200REBBLETS
BAMER TR, 0 Ikeb) 350 Tk, ZOEFERRE CRBCRL-> TW5HHE
MERER L. Thbb, #7575 WEHERETAEEL (THRESH) AARQNCEEZECTH AL
DAEE BRSO TEELEY Y 0LE2 bh b BEHROWTBKE, Thbb, THBNER
(plasticity)™ DIEIR L, ZolHhdll, MBBLOFRALRHM L VWB CoOBEHEREED
(survival potential) 1T FIZ E L e, B LD EFEHRRILIESE A1) (noncompetitive, B
EEIHER) TH D, ZOEE - BFULHIL, REEID WS, w2, The i, #
DEFEHEER (stress) M RUVEHLREHREL (disturbance) 238 9 BB R V23 H
THy, e r= VBB ETLEER, i) EXoMonBEEREOLTHEEL H LR
RLISO, 21T, bz D 2O ALR B AFRN (EFRE) OBV E iR
L LT, BERELIAShDHFERESLOBERTER L, WHER - @mlhs, #7782
RKOFDOERAWERESSERHRE (e Lr HEEE &2 THDFHRL) LT
ESRETH T EBZLTD) OFER, BRINLIDOETHEELAXRFL?, &, &
ODZERRA L b, BREDILOBAOATE - EHHBERSCHEROBESLHRE O THAF I A
TEEETe D 5B EERBR LY,

Lil, BED X5 —E0E2 S R 3 HRx eBMEARXUE L%, Tiebb,
FEREYEBEETTLT - 2 AR LTCw5 L, BEMCATRBRCR T HEROFERS,
SHEOTRHESL, Thicd b ) mEOMRE, It ELEGSD M wiiax
B A 2 — BB IR RN S 2D h, BRELND, KaHBNL2BRL I
Tl Erzbhb, ZLTMI W LEADETOBELILETSH S,

22T, ABRLBWTUL, EHEEFO I VBBIDLEMOBEOE—FHELT, hE
TOBRECKTTRE - BIHFOCR ) EFCE T~ 2 0B al, 2~3 OB -
W ST 54T - FEFAROTHMMENT LA LT, BROAERRLZ L5 ECTHBDCHE
EHrEZz bhn TERES BEoWmibranrs b, o HARES BRobo%
BLEORSE, Thbb, THEES b UBHOARFNERCOVCTHERN LTAS T
etz

LT AT, BEDHEHEOEFBRERT, FEENI, Z0EIESH (habitat, ) O
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M- THEBINS 5 &L, H, ERMOME (2:7ch), FFcL DMl (organization,
BHEOBEROER) X - CHIBEBINY 5, §T XThb 220RBY 2 hTh, EEY
DFHZBGEE] B3I TEEHOMEBRE] LHL, T, &Y X TEBRRRXOEFLH
b OREHTHS) LEHBLT, BREORBEXHALL, ARROHENHEIEOHK
ZPEBIER LT, SELEARBEOEEFRRCHE T UEMNRAMCEEL LS &35 481Lh
BEnr b, Thobb, EEEROEHMRS (RFHKXS) OB E L, BELBEEE V-
BEOER - ARYHBECER LRSS, EREELBHEEL Vo1, Ebbhivz
AT FHTHBOLNWEER LRKS, DL, BARLER, HESEEEME, R
LIEER Lo T, BEBREE LB (@rowth-form) Ko 7ie S S0 % 2%, AHED
HENL, B4ABEOBBRYOZYUMEEY, BChEORBIC LA - TRNTH L LD,
b ohbElz 2ENRSOTEREEETLIZ LLHHEBLONS,

AROBHMC ALY, SECHRHERELED» LB ERFRERERFHZORR
BEHEBCES L, ENOBYETSH, ¥k, AMEOERTERL, ABEKEREOATK
ERy%ie, FEEBEpERE RABEERORBEMER, tBEIKERBRSBOFHREN
B D, BEBAELT, BHEEuiiinie, JIERFR GREFEHILEESR), &
BIE BERBREKE) 23 CoBEERBEMBREON 4+ DIk, FREEEZZD -
TnF T3y, BHREVGEDE 2 Ieinic, i RFRINMETREROT A b b,
BHASCKE LT, SARELRIN - T, i, EFEZK, RHFMK, MK
BRI LOEREREDOEL OH « (FEERAT) b1k, HERTLEEXBILEL.
IR LTHEBTIRETH S,

L. R/EH BEABSICBRANE

ABCBTHNRS L L@AEmE, EEERRELEERBERCREINER
iR (1125~26 BEBE, B 400~450 m), 35 X OEYg I A5 mh V3t 77 88 T A 1 )1 e K
9 (76 35 X 0V 80 BRFE, BEEE 80~120 m) DS LEZKTH S, T HIHR198349 A, &
13 1981 4¢ 8 A B - HERAARFMETIR - 7.

SHRE L Uiz, R7SHBBEY2TABETHS b ¥~V (Abies sachalinensis
MasT.) & & 4 h v -3 (Betula ermanii Cuam), BX O A =VvEBRETH A2V H =T
(Acer mono MAXIM) D 3FETH B, X7 h v ARERLTHLC LD - THEDTRSHOR
W ERET Lo hiod, #7 SHEBBEETHEORE TRV LHEShRHLTH D
2, R BT A BTS00 L WEETHEEEMCRT 5BSHERIEETHE L
EMLELT, cOMED b P~y EABRS A7 S HBRERETIHELBLON S,
Fto, MRETRG L LR ARIL, BRERK,A ORI LI b Vv v RESE 42 & (75 0.07~
31m), 4 2¥»=F 9K (BiE0.66~1.8m), MK, LEIM LK 7 7 v 24K (BEK
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012~49m), 4 & ¥ » =5 28K (B 010~6.7m) TH3, XL, BHEAKL- T, k
BAFKW LB RE Lisr-TcB & H 5,

AR KL - T, TOEFRELHIET 500, BRAKEOEFi SO RE D
HEx TR o1 FEE, AFORRBCORTV, FlAFTHSORE R, HEH2mE
oL, FoBEECENT, ¥l2ml EoBER, BMERZm CBOBMEDO BT
W, %3~6EMELTS LARSHE, ZOFHELD > CABFEOBREDHEE L,

#HRAAL, B S WEERREOERENOWNEL TR~ 7Db, ERERr
Bbinz b, SLCHEMGHE BHEzThol, AR THRANS E L EEBRIFEE
13, BOHECEEAERBBIERO DO ERBEN M LEE00m, 0.3m, FhLIKE0.5m %),
Tl OBEREMOMEREOFBF K X A HF, KUk (terminal shoots) DA D ¥
BB, HE2EPEIE0ER, FRAILEEEONERETH S,

ERBEITE, BR O 5 EEEBENC X 0 HFE LA, A X S CHHERTEE 18
B, PHORATIREER S 70 b — A X DERZER, V7 5=vEI07y—RA 7Y
— VR Y ZEPEDOOL, KFEMBIC X DHFE LI, itk FREFCETHALU LRSS
FELRIBELEVD, LB LIV ERI L 55 BeRATI X558 13, Higmg
HECRHHL AL T, 2O VEEECEWHTETHESLZ Lilbh s,

. #REXVEER

P, FH LB &ML T 5 A MWBHER Fig. 1OBYTHS, Tt F=vh

HWHRELICHETHZY, UEECIEDTHY, ZhdOBBE LT & EH L,
1) PETYORK

A 2 EHEE

FEYYRETS TR SHEN) 2852558, OBERBEECHE LTET S,
SHAERT RO X5 R2 % [£FEF (umbrella-like tree-form)) % & 5 R+ %
AR ERELBEbhD, Thilt T fUET oMBELRY RT3,

PNy HERROBEAREMEY Fig. 2R Lz, P F= Y &GRECHEEEEEY
ZLLBIerBEL 25, Bhb, HENLE LBEOARNED TEETHH &
2, M, BETOBEOAREEIZELIETLTWSZ bbb, HBULAL T,
it s UC 1971 SR bRBEABE L, ¥ 72 T2~T8 i il CILAM B ©#9 30% D B AIRIE
Bifchbh b, Tihbb, HENOLOMKIIEOBEREEELLRS,

LTAHT, BERKDOSE, kX5 AMEEOHES bkt L<, &% Fig. 30 B iR
Lick o7, Whwwd [RHEH] 22 Lrbi’d, KB —RCEOELS DO It
AL, BET CHEEZREBIAERCERELS, BECHTHEIEHE @ENERY
Fo i BHER) LE2bRhTwh, Ll, UTRAB ISR, DX 5HEL Hixhic
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Fig. 1. Morphological terminology on the branching system (especially
on that of Abies sachalinensis). Number of lines indicates the
age of shoots or shoot systems.
l-order branch (—3k#;), current year branch (current year l-order branch, 44—k
#%), 1-year-old branch (—4E 4 —Kk#), 2-year-old branch (Z4E4:—k#:), terminal leader
(Y4 5), current year shoot (¥4E#;), 1-year-old terminal shoot (—fF4 K ¥Es), ter-
minal shoot ()
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Fig. 2. Height growth of Abies sachalinensis saplings.

A, samples released from suppression; B, samples under suppressed
conditions ; numerals indicate RLI (relative light intensity, %).
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Fig. 3. Diagramatic tree-forms of Abies sachalinensis saplings.

A, a sample released from suppression; B, a sample under suppressed condition ;
doted lines indicate growth of l-order branches and the trunk in the past five years.

LHFLLELWERE T2V,

Tishb, BERIT S &, LR EECHT5 —KEDOTFHHEREINEL KBDT, +0
EBELOBRIBTETER, UL, PHBRENEL 5 LA, MHY 28R LT
WBXSRBEFOR, Tihbb, —REOHEMEIEALLTCLE>ERIEECTHS, Fig. 3
I HFEA—RFE (current year branch) O A $ & THhX44E S (terminal leader) b3 5 M4 4
—REDOFHMRERILOBERER L, Fd0B Y, HERMLTS EEICEDEHBERL
BRI DD, FREREA L T—RkEDHIBDBBAT 51w, S0 0FIMEE B2, B
RETEZX LMY, RPAMLHEERM LT LoHMERERIZZEAERE K- Tik
WZ EAbh Db, Tols, KouYaMa® (35474 ¥ 5 € v (Abies mariessi MAST.) 123\ CEH#ED
FELEMLCEY, F VvV RELT, Abies B, S 5H3SHERS XY 5 M K4 53
BARCB L TRDORDBEE TRV ELELDR, TOREOHRLBETH S,

R, BB EBEEWMYERLE ZOETOSEELE—RER & Vo e BRORERTBTD
HETHDHH, BHEDO X DACRBTELIE, fiRoFERRIbeWEA LS, Tiebh,
BIBD LB CREHBARD 5 XML D I HOBMEEDIZ I VEABNCK X WEELEDOR
7ehd, Tablel © X 5, EEMEROMRER (T, & UEL—~KEOKRMER (YB) o0&,
FThbb X 2 F5 i { FNTDBER (current year shoots) DR E L, TXTCo 14
BRI S YEROBMREERE (2B) 0kt TB/(Te+2B), iy IB/(Te+2B.+2B,)
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Table 1. Apico-basal ratio in total length of current year shoots
(Abies sachalinensis)

Sample Habitat R SBJT.  SBAT+3B) (1,32 sp)
1 Opened 704 6.24 1.53 0.45
2 ” 66.7 3.33 113 0.46
3 ” 49.7 2.81 115 0.53
4 v 42.1 3.82 1.10 0.57
5 ” 336 5.40 113 0.34
6 ” 33.6 2.20 2.03 0.65
7 Vg 320 6.63 0.72 0.58
8 Suppressed 134 1.00 1.33 0.25
9 ” 12.3 4.00 2.40 0.47

10 ” 11.6 4.00 0.67 0.43
11 ” 10.6 8.00 1.19 0.66
12 P 6.4 47,60 3.96 0.92
13 ” 44 7.33 140 0.43
14 ” 3.8 2.50 0.54 047

Te, length of the terminal leader; XB, total length of current year branch (es); 3 Bn, total
length of current year shoots on all of n-year-old branch (es).

Fig. 4.

Ratio in length

47e
L
o
@
5r @
@
4 ® ®
® @®
®
3¢ § e
@
ot
[
[ ] [ ]
1P % : ' °
0 1 2 2 5 ;

Number of current year branch{es)

Relation between the number of current year branches and the ratio of mean

length of them to length of the terminal leader.

@, opened samples (samples

released from suppression; RLI, over 15%); ©, suppressed samples (samples
under suppressed conditions; RLI, under 15%).
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TEXDE, BARLE/BARBCALh ATHEEM COMRRROZZILCRDEL kBT L
Rk,

PBEZ2NETZEUTORY THS,

BHARIT D LI —KRE—ARY b DT T 5 BEREXHMT 5 720, KEE
DERBIRE (BECHTHML10FHEH) IBEETE R, L L, RO RS
PL, BEARLLTH, BEREBOERIERMCIZ RS R ie®, fBHETHIE, %E
R LTELDHREBTID - Th, THEES PRATAELAHBRBEIVZRV, T4
EREDORER L L itbit\wicd, BOTHENLHNETH Y, TOBEMCENCIIAE K
BARDDIDLEEINS,

B. TRE®BMS:) &K

EZAHT, ThET THRES) BE2ERE THEAMCTOMELEOBESBG) L1
STABETRELEMLCELD, RO XS, HEMTOBEL LV - T, Frs Mkl
AOMRBHTEZSC LI TENE, ARORBEEBXHB T3 TES, b,
FEhE AL Vo Th, FENEREUEE-RERTELS L TEIE, B0 X vk
WEIEOEHEB COBRLTETH S, FLBHOHKMBELYHERIUNOERCRD S &
LTHETH B,

FTicbd, [THHES) BS0BFRY, X EEREZESTRLETSH S,

BAD [THRES) #5255 85, BRowN D) R L AHBHIIBS CEETH S, Thbd,
BrowN LAMERE LI X S, BIRO TTHHES ) REAO LRI BT 5 X 5 kMEOH K 2
BZESIH I3RS 3 Tociel, rLaite, BkoEdm ERck\ iz, MHEE
B REETKRVCEEID, ThOOHMEINLEIBAT, BhkoEtiy LMt (3
2 &b BRI A< b DR EE) 13 £ DR (bifurcation rate) B VWEE Y ST 0L EL
bh%, ¥icHonoa 52 4%, &0 k5 REEB TOMERO LA CER LT, BEEK X
LBBOY S 2 v—va vEFG, BECREOhB Lok HEES) EA0RLLE AT
BEEE Tk h, [HRES) BAEr B2 5548, BEEUCOQEROXCEBT L LERD
BEBLLRS, -

% C, Fig. 5~6 ¢, $iELL BRI B @i k) & BER @BAR) i 5 HEH
TOFEBLTERDO BHNCET5 7 — 2 %R L, ¥, 2Tk n E4—%kH (n-year-
old branch)—#& ¥4 » ﬁiﬁ‘fz;ﬁﬁ%ﬁ (terminal shpots) DEHRE A, %_‘#'LJ: h—DFN, T
bbb, —FhEef 0-1) FEKED TR TE o 1% n E4 RO FEHHIER (mean
bifurcation rate) & %% 7=,

%Y, Fig. 5 X b, BEMGD LOERDO —RENETDRBEOFHARKL, BEHS DK
KEhi-BEOER LD DL, ¥, BMARLBCHEERDFR i nin, BEREE
%5 TI A D —RBICH KB DB D E BRI EECIEN - T s $ & & 3o
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151

10

Mean number ( increase ) of terminal shoots

0

{current)

Age of branch{1-order)

Fig. 5. Mean number of terminal shoots on each year old branch and
the increase of them on each year old branch. ~—=@=, mean
number (opened saplings; RLI,- over 15%); —Q==, mean number
(suppressed saplings; RLI, under 15%); =+=@=-=, increase in num-
ber (opened); =+=@=+= increase in number (suppressed).

%, ¥, Fig. 6 L v, ZIERoPE AT, SHEROFHREB W &, T, #HERTH
BEISBE S hBEOHETY, X EIBCM {—kEIE E5BERIEL, kT3
SEREECERD L D DI Eavbnnd, Thbb, UEoBEL ) [THHES &
SREEMTOSKROBLBERC I VERL DL, e, FPFTYOIDXIREKRT
O THRES) RBIRERGC X > CTHECHER YT F~ Y RARBCHCTROH
BEZXTOIBEENMENEFEEY L O LRI S, Itk ThixEi, BEgatos
I bt (bifurcation ratio)® RHREVAEBRRE L5 L2 BRTI0LEZLbND, &
BORFHBLETH S,

LT, MEDX5THBETHE, BERMUAM, —REOHTHRMROHMED
BRIETEERL, Thik, IDLEFLEDFEREOETLRINTORALID, F FeY
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1
6
5
24
S
§ 3 Pig. 6. Mean bifurcation rate on terminal
§ 9 leader and ~each year old branch.
5 Each bifucation rate are culculated
o 1 from the ratio in mean number of
) terminal shoots between (n—1)-
r y
0 i i ﬁi 4 year-old branch and n-year-old one.
(termina ~—@—, opened saplings; ==Qe=,
leader ) suppressed ones.

Age of branch (1-order)

or relative decrease ratio

Number of terminal shoots

0 K 2 3 3

[,] 4

Age

Fig. 7. Estimated increase curve of number of terminal shoots at the top of
individual and relative decrease ratio of total number of terminal
shoots of suppressed saplings. Total number of terminal shoots is
estimated by the number of each year old branches and mean bifurca-
tion rate. -——@==, increase curve (opened); ==Q@=, increase curve (sup-
pressed); ~+=Q=+=, relative decrease ratio.
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DEFERE LB LT, BHTEETHS, Fig. 7 CEFRO—KEOFE & —REDOFH
RHOHE Lk, HESRE S v Bk & BEEE OB ERD TR S hickikoRn
MR e, BERICE i) REROMRAR ORI HMRL TR LI, Kb, BEBEEOX
R D IR B ED DB ShicBEDO TR X 0 BEL, ¥toin, TORRNAKL
BEHOEBL L LRAECET LT C Eatbnd, BERKL LTERSALHERKR
BPACHEBGTIED D5, &0 ERERELTWRELTSH ) ChOBRERERGU
LR % DM LT LE » LBEBEHREE LTWRTT, Chb DBRARBEREDR,
MR ATREO LB EMP LR ShidDEEL bR, 20z EbEx bR
i, BEBEORECE 755 KREOHN BRI IED TE LSO L ERSIhS,

Riz, Fig. 8, P F=yHRAKOMERKEOBEBER L, ML b, HEILHEKR IR
RORPERCTERLVEZBLORBZLL00bBT,  F=YBH 5 RBEEOBEEREK
AREBRERMOZERE LI LR ->TWEHZ &, i, HFERACKBITZZThLOHMEOEI B
CXELVWHONRDHZ LRBEIh D,

¥t C0X 5 REELE S bEAL, Fig. 7B THRBLR B, FERCETS
ERESIHCH RN HEL OB ), ThrBBHCEL TURORB/EELOLSD
AREDTEE TS S, Thbb, HERCHKT s ESEY I MEEHCE L H T 5
L, BETCEMOSHENBET LTS, HOSHRE LAY, TLEBOCIbLLIy
RO X D R TFIICH < —RED MR LRI < 1o b o, B EOBIIERIL,

o

[
[ ]
® ®e
8
= 100p o °
g ° °
[
10p ¢
2 © -]
= ©
Q
®
[ -]
1 A .

Age

Fig. 8. Relation between the age of individuals and the number of terminal
shoots in Abies sachalinensis (cf. footnote of Fig. 4).
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DHTERPHCET T3z kb,
FU b X 5 infffE v <A BT B HBEROEX A T IERAE TR, 4R, Fiehl
ERHRPUFEEOHRERE, OWTiE, EOKRNEOHMROENFINBEMNETZELI LD

50p
afF o
o 30r
5 o ®
£ ® °
Y § :'
2 [¢]
= ®
10p ®
° Q@
v 20 40 60 80

Age
Fig. 9. Relation between the age of individuals and the weight ratio of
current year leaves to all of leaves (cf. footnotes of Fig. 4).
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001l ; . . ,
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Age

Fig. 10. Relation between the age of individuals and the dry weight of
leaves in Abies sachalinensis (cf. footnotes of Fig. 4).
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tEx2bhB, Tihibb, Fig. 9 kb, #
E3h-B&EOIS 2, ETlBBOFE D
DIRE, EEERHT I UFEREOLEHNE
{7goTnwbhZ b, ¥/ Fig. 10 XL b, TE
ROEBOHEMMPELLIAZORTHBZ
EIRBREEING,

C. BEDEREHEE

L AT, BETTHERIMETL,
rhick i WEOHREE (HmK), F
b, LEHEEOREREHIEIHLD
FRENCREETET T2 L0 &R
RBRIZEBDTKREL, 2o X3 eEER
PP Y DEFEBRROEKATRELTHS
EE2bhB,

T, AR T ADETHBH,
BFETed - CEBTXIAHNTHZ &3,
ZRAF —DOHER S ERERT O
B, BEELRERLY D - Tn5b, ftkzid,
FTCRBRIC X 5 CHET T LT
WOERH Y5 AMIBEETERVLD, &
DX O RBEEHEL, EBRLLXSCEE
TTHEFRZTEHLETHIHL, £0bo=
RNF D% RRFOEEREOMRC
HoBCHHRTELRABEBE 25,
TR L 5K, HET TREREE
PERL LN E LT, B—FYhof
Kirkh, B—FL D=1 ¥4
REIHENHHERLTVW5 0 L Bb
ha,

Fig. 11, 12 c M USREM X v R L 7z
PRV EA Ry I =FRBTE—KEE
DHNERBD T — 2R LI, 18T H
=FYXbH P F=YDHR, THoeED—
REDHENEENLENTHH &, Tt
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Dry weight of nonphotosynthetic organs( g)

Fig. 11.

Relative weight of leaves to nonphoto-

synthetic organs on each l-order branch
of A. sachalinensis saplings. r, correlation
coeficient ; A, relative growth coefficient

(cf. footnotes of Fig. 4).
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E’ . e« O 0@
g [ ®
[} @ *
> b
gor e,
01 - s =
0.0 ] 1

Dry -weight of nonphotosynthetic organs( g )
Fig. 12.

10

Relative weight of leaves to nonphoto-

synthetic organs on each l-order branch
of Acer mono saplings having been sit-
vuated near A. sachalinensis samples of

Fig. 11. (cf. footnotes of Fig. 4, 11).
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bHLEBEI N OB ORN MBI A BEIFRHE (7 ; correlation coefficient) 23X b
1i23E < R R REL (B relative growth coefficient) DEMR L bk Z ) = &, ¥+ 08
BEERCBSWTIEbLLIEWE Ebhb, UEDX 5 HhREROREY, b FvYWER
BThaTtieRDHZLELTEDY, #BTHIOKE, ALI>eH7 S HBHEETHH
WD ) RALEEEERT 47 7 v b RBOBEAARDOh B Edb, 0L >hE
ERORBERIL, DLALRLL S 0K OBA s ict, B—EY h~AD = F
v F —BREPHNECHNT B L 5 I AEMIECRDERETH Y, HRBILLLT
DXOHBEDOKBLEL bR, |

Tibb, P FYREBHTECEETCLML 5288 THD, ok, HEBGD
BN BhDB0X, 0%, EBRERDIBTMHEREYL - TWBHEELHLRS,

LAaLl, EROABTRENEDTEL, Themz TERRI b RERNCRET A4S
BELOHET LT, ERABETARELVHEFBECEBROGFENLWR Y, BEBG
DELIRLTEBALTERVWC L ELEETHA S, Thbd, b IF~YOBECKT
HIERRL, WEL B L~ CE#E (avoidance) L 5 ARHEHER Tiiie{ (W& (tolera-
nce, endurance) 723 D TH V3, TOWMEL > 5HEIIROH, LBARLOESITY
ANTRBAEH WD LEELLRS, ThLLERBCVXIE V=i TFEESH]
(noncompetitive) IR EFR MY, TOGHEAROUEL LTI -T2 0LEHMIhs,

0P IREERBEOREND, BEXZI I F=yR= V=Y RE0 Lk kit 558
HARE L DHRILEL, ERBEERTCELERE LD ) 2 BREFERII0FERECTHAHLIFHLT
WBH, EBOZ ENLHEBLTYROEREEL LS,

¥, DEDXSRBEBGEDOL S IRERBEETHEELORDN, FhTRREDL Kk
TR eAZRTHETHOREDLONL, SEREFCRHNTREFEL V25, RESMI, b F
=Y BEROHERNEENECEELEHLCWED, kB0 L5 cEDOHMRIRE CHO%
REOCETT2Eb00b0 7,  LERMLBEERFR I D IRECHMLTHL LDOTD
5L THELRENERNVMETLCILES S LY, 20EBHELOERIIAZ VW EEL
bha, SROFEMERHFAILETH B,

FECHED, DEDXSR, P IF=YRXEET CRECFOLEREDRENTH I
ZHEAZDIOEBZONBEN, TOZ YR, KASBHEIhETH I Iz THE, L
EEREOREBYTLIBEETHALZLELERLTWSEEL OIS, Thbb, HE®
PREVAECHEERMIEESEYEOZ LT, 0L IREEYELTEVWES X hEELk TR
BT ARGELEORNF L L b, BEOHANTRCELIREINLOERYPEL{ TS
DT, LRCEEIRIERNRLE TEDILLBERT ALY, oM, £oBMEX
MBS TR R e EERE D LH~DREL, OWTRREIOHEY R LEEREY
TEEL, ¥Rl 5B TOLBAMOBRYRENCELLIZ0EEXLNS,
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LT, ZOBEIERBCESEM IR B CHEEREEBEOKAPERERERL
2TCWAZ &it, Fig. 7,8, 10 R Fig. 2 O L O WETE 5,

Tibb, ZOBEOTFRRNELELAEE, F FxYREBETHL LW - EERESC
Ebz2 BT, BEOEELC—EMEMN 2 T EROBEREZFE LV O BHERHAIG
ZRTHECOACERZ 3 iXbhaz &, ALLICATEBYRRELERFEYHOY
VAKER H T < v BT SR (RRBER) 21 LVOBARASRT L 5 e, BARSVBieEs
WTRECEEARLT S & v otk, BER L L THRALZERTHMIGHERY b AT Its
BH STV BTREC RS BBLRD ) BEXRD D, Flz0l 5 aNGRRL T, BE
DA X N ICB PR IC B VT DATERFE TH 51, FHRENER/IGTHY, PBEoX
57 2 HER I HIERAWRNIGRAY b F~ 2 135 (oS E R Lichis T)
FoTwardbniBELbIS,

AEE/PMETDHEUTORY TH 5,

- PP Y RALR DR EBEE LSRR (R A5 THAESRBAE R
MREIhZEE 3, P F=YR [FREM) BET - EFRAZBEOR TV H LD LHEEX
héu?Kb%,bFvwoﬁfiﬂﬁ%k:®l5tﬁﬁﬁﬁlD%%Thﬂ,vaVﬁ
A7 7HBBLETH L OLRENEWRL, [FFREMN. n4EE - EHRRAYRT Lekd
bhalEmdhs,

P Y RAERMCIEREGNTH D, i, COXORERANERC Ltk T, A%
B _—EOEREEN L EFER LA EH - TWBEDEEL RS, DD, THIH - HH5
WLEFHRATH D, b o—Hik [EREE MAREER L <A CEALEETIEHFRRT
brr#ErINhD,

2 ow W

A, ¥Tho —RTSHBREOER P RE—

PF=YREWTRLRA L) BFRIL, ARCR7SHEBBYRET Sy » vARB T
b, HhHBEZ TRDOR, )

Titbb, Fig. 13, U tA—RER L VERINLFr A v AL v 1 =FOBEOK
EFDOBEEREE LTHIRRRBOHBZ R L, Fig. 15,16 lGoWE tOoEER (KE)
OHEBE% R L, LD, 1 2¥2=FX0 X r n v OBE{OHN, TobBELGELER
REBCEROHEENRL, #72 v AOHE, FHEORVHTEL, REEEPEROMICL
L 785 WIMEED TE LV2%, RETTREhSOMMEESBECE > bE s LRRIA
%5, kD, A7 ELRPFERE, Frav- oBECTAIREL, FPFeYDEhE—
BLCW5 LY S hs,

TLT, IHLRERAGZER, UTeAxbdt5k, BETCHS BREBERLTY, £0
BRRFOLERGEOLERD, B VWREBCRchTW551LWC & ThbH, Fig 17,18 k&,
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Fig. 13. Relation between the age of individuals
and the number of terminal shoots in
Betula ermanii (cf. footnotes of Fig. 4).
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Fig. 14. Relation between the age of individuals

and the number of terminal shoots in
Acer mono (cf. footnotes of Fig. 4).
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Fig. 15. Relation between the age of individuals
and the dry weight of leaves in Betula
ermanii {cf. footnotes of Fig. 4).
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Fig. 16. Relation between the age of individuals

and the dry weight of leaves in Acer
mono (cf. footnotes of Fig. 4).



BHo&BENBKC DL T (BEA)

100 @ :r=0.946; h=0.696
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Fig. 17. Relative weight of leaves to nonphotosynthetic organs on each
l-order branch of Betula ermanii saplings (cf. footnotes of Fig.
4, 11). %Short shoots.
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Fig. 18. Relative weight of leaves to nonphotosynthetic organs on each

l-order branch of Acer mono saplings having grown near B.
ermanii samples of Fig. 17 (cf. footnotes of Fig. 4, 11).
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Table 2. Relative age of the oldest l-order branch
to the individual ‘

- Samples of Hz1lm . Samples of H<1lm Av.
Species (No.) (No.) (No.)
Betula ermanii a 65% (13) 64% (19) 64% (32)

Acer mono - 49% (14) 43% (14) ' 46% (28)

ﬁVﬁVN&4ﬂ?ﬁ1?Kﬁ?b*&ﬁﬁ@%ﬁﬂ%ﬁitﬁi@ﬁ%%ﬁLko@lm
Krnv ADARA 2T h=F L Db, RMERFH R OENT LK<, HEEK N T
LENZLR, FO—REICT > L EENEBEORBTLHE SR TV IoL &0bib, i
wa2m,:o2ﬁ@@#%mﬁféﬁ%%®~mﬁoﬁﬁ%Gmiﬁbtﬁ,ﬁvﬁvx
DHE, LDEO—KEE TRES BTN Edibnb, D%, kb0 —kEoLEmE
DRERIIHEHEREOET LIRoSELBREC L by, BIhicBoRERLEELE
RBEVSERPFRIOLDTIRARL, £ » VADHERGHRADARHCE b Fev L
BRLTWBZ ERTIDLBEIhD, SVRE, &7 7 v A3SSCBBN TSR
REBLIRLTNE1D, HEHVREOEFRIB/IL - TV ELTDH, BHEROWE L
LT, PPV ERULLIARBEECKTAHBNEHICENZBENCIELHF-TVDHHD
EHBRIhD, OB, WbWwa TRE) & TEE] 2R L24D, Bitkeg0ENE
THeLSEOERTEL IR T2, Fig. 17 RLIE D, EROAMERIBED TS,
:Ol5Kig%%OEh¢ﬁ%§ﬁ%$§ETbéck@%OE%%%%mﬁbfﬁ%b&
VB, - R

BRMELT, £7r 7 v Ak F=Y LRBERCIED TER - ARBHHEZRCT 55
Bl 5p, FAUAHLZEOBE AANCRRLEAYSHEHBERTHEEL LT Lok
BEEIEEBCE—RLTED, F P2 AROEEOHE L TEBRRCHMESREN
BeHEECRh D FEEERZRHD, Thifie, + V=Y LARO 2HECESIFREOIER
BRAYEENCRER LTV B LD LERIRS,

¥i:, DEOREY Ib—RLTHE H75RBHBYETC Lok Lok, B
BgtE L3 o0b D i B RRER S EE B RTC Liek D, i, TR,
FOEBEOTRIT, SHAEAROKESE LT, IFERAMN] HABERBEYTRILALTHLI
BB ETHRFCFHET D,

B. 19%HxF “NALZLESNEOERTHRE— "

Thied LT, ~r = VEBELABENCETHERBFHIENRL, K7 78RO E
RELML BB LDEZLbRAS, ‘

Thebb, T, Fig. 14,16 52, ~ A= VEBHEZETEBARTH L4 2 v 2 =FDHE
i, PF=YREravALRD, BREOEELRGRESPERORIC LU E DRI
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FxALRT, BETED-Th, HEANCEEORRELELFEELEILTWEELRDL
haZ bbb, £LT, COBEOHRE, HLbHLAXOR, HE Tihbb EE
FE] (competition pressure) 2>HEHREINTANTS, FhifAadickERSOB KL L 2
WA, TORME, FRNE7 7 7 CRENCAD LEREND HBE T TRDLhBZ 0D
2T, PERPEROHMRIIRBCR DL EEENT, BHET Tz, RERPERYIR
BEIBMC MM DN AN - TWHIOLHRIRD, _

FLCARORES ~ 4 = VT L BRSBTS TR TEL D C ERHKBLS
5. Tiebb, 1 2v7=FRBLY, ~r=VvEERERTEAL LoBBLV 5 HHE
KOMHE L UCTHIES SR S i, ¥ IS o\ b TR 0 &\ B
BRL, BEEBTOMEENET LTS, #75UEHLYETHARO XK, FRREE bR
ST THROSIERLETIRTCLES X5 i, BRTHVTOFBELFERLZ
Blch, BRI - UL, FRCHER (AERKY) KELXER LT, KRRPEROMM - |
BExE -1 0T HBHE (reiteration)? EHBBDTEL YOO, 0 X 53 X b, HET
2%, BELEOEERSEYEEMCED > BEEYBENCRA LT 550 EL DA
%, £LTC, t0X5hAaEHEE, £75BEMYETEANTTL R BETFTTO=X
A ¥ —DRELHMBCRBE TS, T, BE GEE »OREIN B TARCEERE
T EHANLREIRDIENyARWCT LBAVWRE, £V0%EThHE EBRLITER
EERETHIHEELOND, Thbb, 4avw17&nbbk?5»»_vﬂﬁ%&£?
BAOBE BAE ©T5ERRRE, B <L TEhrBR (avmdance)22 CECRS 5%
HIGHRATH D, FOEFRIBIIARMC [HFEEH (competitive) | f;%@f&i?‘&b i'J= & 3—:‘:%.
bha., i

fE#E LT, AR TEAH) RAEBRRERTZ LN, ~= vEBRBOREDOLRE
FWHBERTHDE, ILREVRL I DLENSRS, '

C. TR7SH#A) & /A= BHEK)

UED XSk, #75HEHE 1= vEBHORRYEBRENERL, ThEh 5
BANTHAZE] IV HRANTHEZ L] TRDODLRLIDOEHEREZINS,

FLT, BARHEY BB ETh 0 = VEBBEET M, BRO&E GF -
EHHR) 2 EL S L TESCEELERYE - TR, Moz tiz, HRE - EEHEEO
BRI 2 o0 AEREE, Thbb, #75BEPEET BERARRE (noncompetitive stra-
tegy)] &, ~A = VEIBHEY 2T T84 HMEL (competitive strategy)] #B» 5 & & R F I
THIOTRIEVREEZLDRD,

1z, FRhOODBBEYBEOAFEEBCEVWTEBALTWS, Thbb, thbi&E
BRELTHEPRBIZIRTWEBAREOEEY T h L h K75 BER (Populus-type))
BIV M= VRIBHK (Ulnus-type)] ST L2V,
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Table 3. Two life types in cool-temperate and subarctic forest
trees (A hypothesis)

Populus-type Ulmus-type

Tree-form . : Excurrent tree-form (Populus- Decurrent tree-form (Ulmus-
like) like)

Mode of bifurcation

Apical dominance in bifur- Remarkable; upper shoots Obscure; lower shoots often

cation rate always bifurcate more actively bifurcate actively than the up-
than the lower ones per ones
Bifurcation ratio High Low

Response to suppression at the
individual level

Bifurcation rate Inhibited and decrease more Maintained at a certain level
and more with age

Exponencial increase in the Impossible Possible

number of terminal shoots

Potentiality of shade toler- High Low

ance

Mode of response Tolerance for a limited time Avoidance for a long time

Mode of response to suppres- Competition avoidance; be- Competition by plastic bifur-
sion at the species level forehand avoidance (growing cation at the individual level
up prior to competition) and
behindhand one (enduring and

waiting)

Original life strategy Noncompetitive Competitive

HEFTORKHY Table 31cE Ldt, EREEEESOBEHLVIOTH D, SHOK
%, SEH»OFMIRHBRAKE X B,

IV. W &8 % %

R 7 5 MK (excurrent tree-form, Populus-like tree-form) & -~ = VBT (decurrent
tree-form, Ulmus-like tree-form) O £ RBEMERCETA ZhE TOELBROV L0, B
EERNERE A7 AR EYETABRAC L VBRI, BRHEUEOHRKROEE 2 .1
— AT~ = VRSB O E W BRI E DML A TR hAERE V25, LT,
TOMOBRE LTI, &< WEsNER™ p3EH Ui $HEBIEO MM ST & Bk
Hiin TR T2 BIEHWRBE R BB H P, BFHD L IHLThE R ERECRI W
THELD T T 3BEHRBLELALBRAEENDH BN, Ebbi#77HEHLI
HBE BT H2BEHRBELRBBRE 25,

Ho, PSRBT, TihbbR7 s BT, WPt LThoBEE TR
ADERE G OBREELORDDT, K7 FHEHARRERE CAEETS 5 2 THHE
WTWAHTERERS, ¥FRAERENCT I ATHERE, #7 7HEEARRERRCE T~
BREFGER L LLTEERITECE L., LaL, 7l LdstEHchIUE, BED
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Eiidbh, PRIVEBRECHFTHLOTL R/ SHBPLYET L AELDHELT, #£7
S RABEARROCERECH LAWRB TS L LT, SREBCOBRE CLERELE
Zzbhicw, ’

- Thbb, #7HEBLARKELENCE - SERCETHER S AWEEhHH
iz, COMBEOEFHEIXRLISL5C8bhs, ¥, £EZ, »7~YOBEWY
BT 5D ks \WT, » 5wy Ren v By, BEEYRTATSEERCELT
BDLH, FEht£75HEHOUREBEC b TWBEEL LR E®Y (K- &
Batt] oOMREREINL, 20K  GHIBOMB &ML LT, BOCL - TEARY
(original) 724 D L& % Hh B OLERID, ThbbRENLER - BEBRNRTRTHS
CEwRERHL, TohtlorkM BHR—KkE, T7ib primary THDHZ &) RIEH LA
B, TOX3hEHLEL, R7SHUBHOBEMARELYTRTIOLHEIRD,

Tihbb, £75HEWMIL, BEOTHMEE~OBICHEL LTERINIS X5 RVRBT
<, 2 DERICE L, HEOBKICE » TARMIGHIBETS ), £ORSEIG
BEHETIHAE, BERFC - TELLEVEHRC, IHRGEHBED L ONNEE
(REEAM) X v M+ 0BR B DD EELBRS, Ticbhh, EERARETEWT
RUIEBLHAR, BED XS hiificicd, BHOLRBFHERERD LI L LLELHTH
D, HENCEUBHE V25,

& TAT, BorvaNN & LIKENSY 1}, KEBOLFTBRBCZ 0B LR D, Thith
exploitive strategy s J % conservative strategy & Fi L, exploitive strategy &i¥, #» v~
ED XS, ERAREERLHIEENRAT, BEBORWEFLETHEEMNITT £
ERBIAE ) AUMRRE T b, conservative strategy &1}, FRARBERLHEEENMEL, BEE
DEVETR R BT 5 EEBORTERORMCHET 2B THB LB L. Thbd, £F
DEBESF T 5 &, K7 FHBRE A~ = VRAIBRKOEBBREO LRV EIFH LIEL T &
Wz, ZOBAMKSE, B, BE (ThbbEEofEbhl) LwWiEHMcEBRL, Th
EAFRBA (B YRGS RBEMLIS>E LTV AREREWTIERTVWSY, BTEOBEKD
AGEHERCZ LT CMERS B LELLND,

Thbb, BLDOBLHILEBOLERRLE L0 THED, TORBRIC LI
Do THEMBLEMT I > ET5L, BEALHMTS L exploitive 7 /v — TIRA D53,
FDMOMEEHHI1TEr LA conservative le Z Vv — PR ANE BB LI EWHIFEFENE U T
%, &z, exploitive 7¢i{#|} indeterminate 7, conservative 7¢ {8} f& {3 determinate
REBEOWH - BHABREZWA L LTWBH, zoBaArbT5L, Py ldulhiRéet
HERNT conservative It /A — F LB Z LI b, B L ORIEMIN L B,

F 7o, MAILLETTE®™ % Betula pendula O 53R %Y ¥ L, #OER, HIZEOHEE
TR, EREENATERRAY NS LT T I ROEKEH oL D LB 2z, BoRMANN
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LERERBOBRTD B, ik, HEMPEEMT XD T35 LB EoRERON T
ik,

PlED X 51, BoRMANN 5% MAILLETTE ©F % HIiZ B & W5 Gl ErEE L
ErFTCHERCECTERAELFE V252, [EH) B0 L OREHERCE CESE
DT TCHERINTHECRERD Y, ThABROFHGHELEL LTWH L0 L #HEX
hi,

ZRER LT, EEOBLHL, TOXIRFELBLIBELH Vw25, Thbb,
7 FHBHOEBENEROV & DI T [REBEY ] (early successional 7g #H) *

(B8 <h2LExbh5, Lal, This7 5 BBHOREMLERDODEDOTH -
T, TOFRKROLEHROTRTCTCIRR, K7 FHREHEI VS (kb OFRIZED (i
bl BEOBBCRET AL ORRNEERIB IR TV 22T, R7 7 HBARDO4AER
ARERI LD LS BRI ERC X > TREMOHESA TS0 EE2 LR, £LT,
ZOEARPERZ, RRBIVER) 0Bk THRALCED, BELBEAYEE T H
B Ticbb TEBAE) wRDL A, early successional ieteBid % 0 Btk REMEE) OO
Lok FTEFT-RENREMTENLF P~y R FOEZHER 4 5 1 b late successional 7
BH, WA, BEOEERD L TFBHEGH) 0BEBEARRENEROVOLOTHHLEELLN
%, early successional /zt:E & late successional el B3 BENCIIEA T TIHETH S
2, H—TEERE TRy, Thbd, 202 00WE L, BENCES Y AT ER
¥ % (beforehand competition avoidance) 7>, £ & BIEMN I E#-T 5 (behindhand competi-
tion avoidance) DB I BH B4, EEMAELELZ WL, LIN{FEELBE#EZIhE2TH
Wbl T, AREIT early T late TH 7, &b [FEEAN) BEOKE—HFD
BETHY, 2HCLO—FLEARBIRTHHZ LR -Th, #7F7BEARCHIIRA
REAELEDL2200BKTHD, 2020 FBRCHMILT5EEERKE LTEMATS
BB, DF D, MRKOEFRANOBER Y2 E L 554, JEEAR] hEFHE THEA
) REFBENREFTEDLNLNE THD, early successional 7z % D & late successional 7
o, TEERAN) RdbD0 200/ KGlErbhs, ¥, Z0XiKeELBT Lk
- T, RLDT, BEBOARLTEHERY L LONROREED MY L EFERAO I
ROEFEIERNIELILHIDOLEELLNS,

GRIME® {JHHB O FISBM %, HYORFERE L O2hvb ) T, 3ODBBRK S Lic, T
ftb, MY O L ERIET stress (EEWIRIEE) & disturbance (BRI OB I X » TER
SHbh, BELLBECBRETCRERETERGD, EETTHERBRIEL, stress § disturbance
}HFGBRIE, stress A3 ¢ disturbance M55V BRIE, Mic stress (159 { disturbance (335
Bo 3o orRadh, ohb 3208 Fh 2R competitive strategy (B & ¥#), stress-
tolerant strategy (R b U AFFEEMRER) 3 X 0% ruderal strategy (IEFELRHEREE) © 3003 %E
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ThEER, ¥, coXRBEEKAYYHRE LTES (CRER) 2R L, BB
PEERBRE, BAMWBEE, A b U AMEBREBEOECETL TN &L,

GrRIME DERE 5313, BHEERCOARERTHE L7, BEPEFRER GiEds
DILARHER) b HRTER LLBEER S TH B 80, REMBRBERD TV 5 H, BB T THE
CANRLRBTHBHARECKSVTEEDE 2 HORMRL A THER Y &2, HYLELH
gL LT, FOTBEEFEVMOLERROR VBB YEL 2HE, 1V TRCELELS
LV B, BIR, BCBAEOAFERRE I LM BEERS T84T T, WHTE
7S N2RA L ART S5 AN

Tidbb, GRIME DFE 2 HIC L ziE, » v i EelREEN:, Bl oBEE KL
BRI R EIREEE, P Py REOWBHERNA P VAR EL VWS itk
25 W OO RMENREREINRS B, 7, 2 v RO, BRELSDTELLE, B
PRBBOHH OO WVCHETAEELH BN, LERINEEBE LB WTE 2
BOLORBRARRKEENRATE Yy — 23 5L, 7 VAR CBCERE OBE R ILES ¥
T [BAMIE | B2 DDXMehENLL, Ts LA GRIME O HFE T 2 (XHEELT B 0%
EWRHEE ST o BREELORD, ¥, ThLEREIEE LB, SRES
EUR I D B\ > stress Wi 2, [RAAEBEE OBEERIrNE RV LR LTHS
BENEINDZ&REEXE LT, WATEMNTIHELFORT G l, 2 v AHED
HHELAESL > TV HEECL KRS BETHILENS D, ThLEESOEFEERIL LA
ARTHHFLIGED RANTREVL] 2L TEEMATISR TV AERE - E V25, &
fo, P F= YR EOERMEREA L LVARKEERBELOLXNEBESTAZ LLEETH Y, T
TifthizE 8D, 0 THANTR EX, O - HEOERDOZICDH 5D TR
{, early successional (T75i>% ruderal) il AR E 2 2 _EWEOLOTH Y, EAD
BE, WEMTHEVWLD) & A b UATEERIEE) & TBALR RIS ) WX T5
LREELS, FREOLERRWERbRD,

Ticbb, MHLEOFTELD L, BRERTT HEARIKE] WEEETHD, &4
T [BARIEE BTV DOHRD > Th T AED TRIEE o Tk <, HXi 15
BWIEE | BTRVWEETHHICTEY, Thiith, EE/EFRECSVTER L P8
S D D) DADOHEIARTREAFETHDEELLNRS, DF D, BAOAEFERER (B
PHAX>TH58E, BENLEGERIERGNEETERO 2HACR S THEEZOELFD
HRX D ARCBERE S TH D, T, FRECKEVTHHEEETHLMC LXK, &
O2FHFEETRNRRES TRk, BHOBRVWHIG L, REH, Thibb, GiHla#D
AHEIECRETIREC I > TRAIL > 2BBX 5 E:E2 05,

ARECT T EFREZAFDO T — 2 BIIBDHTRELL, FBECRV-TCREBELL
B L AR CET A —#EOE LN (K Y EENCEELET 5 nici, $B0OFMN %
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DT — 2 DIE - HHHLE - RAIRTHB5, Uk T & RmABLTCEREY,
CO—EDOB L H X ) BBHFLUIROBRPHFERCHETHE ORROPHATEE e &5
2bh, TOZELREFEDELHOZUUEELELIHFELTDEELDID,

bk &7 7 RBHORECBEC T2 ECH L, 75 HEBEGO b ORKIHEE
DEAMERL LTERTETH S, Thbb, #77HEEBEETALOR, *06&%l ks
RWCIEBEESHTH D, Fhie, =31 ¥F-OBBRBELTL, FXin#ltiv,iE
T - WAL BERCEKETHAHRPEE L TS0 LBRIN D,

AEEUIEOFERLYEBRTHE« OBBEOEH T 2EELL, £EEORHC LT,
LOBENRER LD EELLND,

ez, TH=Y =RV Y OERUMOBEECLEYE, + P~y B0 TS
THOEREE, FRehrhrbbR EBROERNPRHELE, hbiESOBRBNEE L
b b REREERS D E, YVHONER LIEEED, YVYEHLORAER S b
5 v AR L O ERBERS OB SN —FEHROFEL L, SHEM L 7 v O AR
5 FHER ¥, ZRBHEMLBLT R BERAM) dod LT, Hi—mcitiE
THIEE LT OVBRUNER LI AERIIP IRV,

FLARE CRTR LEHROEERT, BB 0BRFREINCHNALY 2Echb0
Tk, b, TTREFRLLIOIT, BARLFERCHLDLLHEEREERMCHNT
LEEEBOOLOERD S BECHHEBRbIS, Tihbb, HEHHLCETEZL, &%
R, HEWORERM - ZRSED, ThhbbBB L T4bi) (K%, HROH) ko<
A5 BHD, EZORBFEOBARC LY, MO TRANC TED L4, ZOKHETORHE
GO BROGRUBERL L VEZLREb0EZLBNRS,

Thbb, EEOBLHC LA LE, SRFLELOHFMIL, BB, FRHCIES
SHBRERT A7 IEEARL, FCARNCHEAPBEELRT = VEBARYE D o TH
2R, ThbbBEBLETALTI LI HEEL LTEMEIh D (Table 4 £),

Table 4. Distribution of the two life-types in time and space
(A hypothesis)

Populus-type Ulmus-type
Habitat structure
Competition pressure Low High
Physical environmental High Low
pressure
Emergence in succession
In linear succession Early and late Middle
In cyclic succession Noncompetitive phase Competitive phase
Main distribution range Subarctic and subalpine Cool-temperate and montane-

zone lowland zone
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CP: low —mm> high — low > high
PP: high -——> low —— high —>  |ow

Environmental pressure

Fig. 19. Diagram describing an ideal cyclic succession between Poplus-
type and Ulmus-type. P, Poplus-type; U, Ulmus-type; CP,
competition pressure; PP, physical environmental pressure.

Populus-type and Ulmus-type emerge alternately in order to the cyclic change of
environmental conditions.

EFF 20075070, WEKHAERO R CHE BN BT MBS, ThbbER
OB, ThEO L 0BHME LTHATEFig 90X 51ciesd, Thbd, £77
BRI, BARE (competition pressure) 2MENIICE L, Thd 2 HE B EE (physical
environmental pressure) MM EVEEC I 0 HBEL, S L= VEBRIIES
ErHENOCE L, DENBEENMECHTC X hEHETS, 22 C HREZEBARD
HH, +hbbERRILEZER TS, /o, BEELR, —BEBKRLOBEACELLSE
BE, ThbbBEELYENRTS, Fh, HEMEBEEL 12, EENRERE (stress) RBIEHEL
(disturbance) % L, EHMRELEAE V&3, BE, K9, ¥, LEEM E2MEH,
FRULEHM, BUMNCEBTHEdRE UAREENEC L2BWRT S, nis, B,
BERBAEETHHH, thBRANTFLIEERDO LD EHBENBEFRCEREILTS,

LT Mo Xor, BEENEVWBIIV-TIE  OBECEENRA LT 51, W»
FTHRIESERBVWEANEBTL, SORBAENEL LD, ThARIBCR IS E, BE
ETH - BB EEPYENBREEALELL, TOWENREE G Bl kb LR,
BRI 0B Lichi o T, RN THRIB D disturbance 734 LA L 5iin b, & EDES
EREWBAERS TTL. LT, 20X ARBEOBRCHIL LT, #75HPIRE 1
= VABRAZECHBE LT B siii B,

BED X3 hEENEREBNET LIEBACRNT, #7FHERARLIB2HEDID
HBEE FBEEVLLTIWVWEAY)  Fig. 20 kR L1, EEEBBERTIE, S4ES
WL I hRNC BT 5 early successional /eHE <% — v, L 3FAKCEREB R Lo A
B - BT, 3783 late successional B A2 — v ThH B, TTCRBRIL S5, BE
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Eavironmental pressure

Fig. 20. Diagram describing two types of behavior of Populus-type in Fig. 19.
CP, competition pressure; PP, physical environmental pressure; —«—+-,
frequency of all the Populus-type. E, early successional behavior (be-
forehand competition avoidance) in a linear succession; L, late suc-
cessional behavior (behindhand competition avoidance).

Populus-type shows two different types of behavior. But the two can be synchronized
in an cyclic succession.

E#EEVOIBRLTEZIE 20200 HBEAREREBRIICE VT, Thih [ETH
FAERE) B0 DEEMBEAEE) L LTREBIhS, 20 2@y oMBER TB) 2, %
nEh, HVvABREDEBEIV L VY R EOBRBRRLALRTBHTH Y, FhFh=
KU ETE - THBERE LTEFEEELTWAD, T T, #75HEHREYE
THERTHIE, BEN - BOHOCEIEIRRLI BHHTHS. i, MO L5 BRES
DOFTEZ D E, EBHBH early (beforehand) & 3 late (behindhand) & L ¥l cE b,
HEELIBEAERR LB L ROLE LTRRT2EBHTELULTB VI T LB,
Fig. 19 @R Lcb Dil, H<L ECHEROALBEVEENCET LEBEOK AR TH
D, BENLEBOBRL, TOBBULYRAEHRILLL0L LTERIhS, 20LX5
REDBRENLA Y =—> 2 v Fig. 2L KR L,
Miit, HBEHLEBRENRL, BENLEENNSVWEYE, ThbbYBHBEE
DBBERILEL D Eh > RREAL O REBBOEANTH 5, ¥, WENBEEIEE
CIRE L g0, BBRRANLDLAZ - 115, LA BBIELRAENEL RT3
2, EEAMLA T SEBRTHANE » v B E YD “early successional” 7risifE
(B-type), b F=vicE b “late successional” 7oiiifE (A-type) i b TR DB A
DARELTeD, Eie, MEMREEIZhEBEEL AV = VAR ELALBAL
T %, BENLEENNE D, BEENBFECEE 52, B-type OHENT, &4 early
successional LTIV AEFRAM L TV 57, TORBECELBAE LM L HETFHCE
L, TTLEERMLCRTIT5, LaL, A-type Of#HIE, %4 late successional 7c78)
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REHE LTEZELTCWBRDERNEL, BLALOBEETEM T &M L, T K - 55y
B LIl THRIKCE EES, £LT, ZOBRILIEBSENTE H#ERE, Btype DL O
b= VEBRC EBOEERE b5, 2 LT, DWW BB 550 disturbance
DR D, BWEEAFOET L, Atype D300 LRI LD THREL LD, ThhbbE
ER e MR35, Zhil, A-type DD [TekiZ FhicBH (telescoped suc-
cession)?| X WHBETHEHETH Y, COFNRI W —BHEELDRD, L, BBOHE
Tl d R dBEEO LAYBE L AMRIML LB AL, REENDWENREETH D A
PUARELL, WRCHBHBEREIRCY, BAEERDLABVEMRHRIh, £
A-type DFEBNRBATHEHE LD B, TOBE, TOWBELRLZOREBRILTSHE [V L—
BB® %Kit s,

WFhice X, M, 812, early successional R BEIAERER L LTSS cEELE
T 51 (B-type) 23 early Iz, late successional 7ciiifE (A-type) % late WHBE T 588
DEFT 2 —vEvzbd, LrL, T TR Lk X 5 early successional 7o#E = late suc-
cessional BT, HHCAEFRERE LTHEILIRTOD L3V, ARICITHR T 7 B
RTCHILEICEL I BHBETH L0, T LY, early 28 early i, late 28 late iw {3 -¢
DERRL I,

fe& 0¥, K#BEfg disturbance 234 U, BMAERBECEVH, ¥ -7 LBEEFEX
&, EHLERKGEZOMOYEMHREEIBEECEVHRABRINE L, M D X5 nEBBA
ETTHREPBEETED, TOHAT, WENREENEECE 2, LIES DMK
AOBEARELILV, BREAEEL, REBRRATHEENRE - TH, YoEMEEEXEL
hlELLEblitwie®, WEHBRBEENMEVGCBIIHNIGET S L = VEBRKORA - £RiL
DT Ligvs, £ LTEDRD, B X 5 B-type 0&iebH T, Atype DD H [T
Mgt EERE CRIT B, T7Rbb, late successional It E % &5 ATERR L LTCREIENL
SHTD A-type DEIARD, £0 X W ARRMRIEFAWBHC Lizddi- T, late ik TS
early WHiB T 5 X Hicie s, KILME K7L ERBRE e disturbance DRICHEIT T2 BB R L
BWTT, HEHELLOHEBMMEIERINIBEDILWEEZDNRDH, EdliD X5 kE
BASTTABETRRV- N EEL bR S,

M, D i, A-type b B-type b &fTHIC B A XERTHATH DM, My D X S EC
A-type DI DO AZAEFTEBCEKIITIHBEIHETES, M 0B A, M; L EKOHERD
BEENBECHVCREATER IR LHEED 5 b, B-type & b b A-type DBIED A3 LDk
WISREEY R T ABRERTEH LI VAEVEIEZE LTV 2B 80 &I b 554
Thb, TLTZDXIBENEEZIh S 2BHL, AEDSNTELED, A-type ORI
ThoTh, RFFHBARTH BB, late successional B DO LB OO TIiL e {, early
successional 7 (beforehand competition avoidance #1377 5) B X b, AN EFREHE - T
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CP: low high low
PP : high low high
/ayA\ u
M2
CP : very low low high
PP : very high high low
A U
M3 A
P
CP: very low low high
PP very high high low

U

U
M

P

P

CP: — low ——> high low high
PP: — high —— low high low

P
Ms
U P

cpP: low high low high
PP high low high low
Fig. 21. Diagram describing various modification from the ideal cyclic succession (Fig. 19).
CC, competition pressure; PP, physical environmental pressure. -P, Populus-type;
U, Ulmus-type. A, Abies-type with late successional habits; B, Betula-type with

early successional habits.
M;; A secondary linear succession (SLS) from openstands with lower physical environ-

mental pressure.
M;; A SLS from openstands with higher physical envionmental pressure.

M;; A SLS from the same situation as Mz, but where the physical pressure is fitter
for Abies-type than for Betula-type.
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WhledbEEL LD, EWEERE RS, BETLBEET ORI BB IO X5 fIZR
HLENRHEDEELLNS,

ke, My £ M5 i3, #hZh, L 0BAEENEENECRRIBCECVRET, XU,
I pEYBEEN N ERERHBNCESCRRET TOBREBOFAL CTh D, HIED
Bz, EBRMBEENBEVWERCR VT, ~a = VEBRIEENSHEL, BEOH

B, HEMHBEHBREENMES KoTh, #778BRO EBAOHBAHE X THIREET
L7z,

FLT, 20X IcREAERNOBER DD LB & Fig. 22 /R LICX 5 I 22

T m

\ £

P-type|/|[lE=U-type=

Frequency

low <———— CP ——————> high

high «=——+— PP —m—> low

Environmental pressure

Fig. 22. Diagram describing habitat segregation between Populus-type and Ulmus-
type. P-type, Populus-type; U-type, Ulmus-type ; CP, competition pressure ;
PP, physical environmental pressure.
We must find many kinds of habitat segregation between Populus-type and Ulmus-type in
forests. It is supposed that the horizontal and vertical distribution in cool-temperate and
subarctic forest zones should be the largest ones.

My; A cyelic succession under conditions of lower physical environmental but higher
competitive pressure.

Ms; A cyclic succession under conditions of higher physical environmental but lower
competition pressure.
Populus-type can be divided into Abies-type and Betula-type. As described in M,, Betula-type
usually avoids competition beforehand to play pioneer roles and Abies-type avoids it behindhand
to play climax species. But both the two types are nothing but subtypes in Populus-type.
As described in M, or M, Abies-type as well as Betula-type occasionally avoids competition
beforehand to emerge prior to Ulmus-type.
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56, DOE D, TABLIEERET TS, Tibb, K7 IEEARY, BEENEL HENR
BENEWERIIE L, ~1 = VvEBRS, BAENAELDENREEN ISR T
5THLIEEDOHITH S,

HTSRBIAL ~ = VEBAOTHZOIEBERIED L ZATRWEIRD, BB
BHEL ST EBEBOML, FOLBEHEENBERIOLLD L, BT TREANS
L= VEIBARANO BB ETET, TALIEEE S,

FLT, #0@BHT~ 7 eeRBHY, BERELLCADhIBESHPKFEFHENSZ
teks, Thbdb 7oA HEA0oRBRREENELSHGENMECRE TS HEER
WELECIERESNEEYHEOA 7 FHBARNRIG L, DENBREENELBAENEVRIE
THHERT - IUHERFCRANERE 2ROV = VARG Lic= 7 rigdabidad
KEFHTHHYEEFHTHEELEELLRD,

FLT, znXshe~7sels MTAbid %, HERE-BEL LTHRLZOTRERL, B
FEIRR BR) & LTELEL EF0WBEAFRACHTAEHE L b, HEFUILOHK
KX O mERBEBEIRBZ Liehb, Thbb, TTRH LYY, TR THET
Shizk 5ty HEH  BEUEHKL FROCHERSNTHERTE T 5 HBIAROEEIH
AEEC XD AELCLOTHY, TOKER, BECARS X5 tBBHEUILOEE « KFHHF
HHEEX ORI Lic st THRHFCEZET 5.,

DEeNT&EeX e, EE0BYLAFERACHTA2ELH¥EATHIE, BEFEL
EOBRRLERC AL IBERD I VERNCEEIh I DX 5/ b3DEE LIRS,

L, TTrShicl e, DEABECRTRE LB - AERRCET5E%
Fie, AL FANGEDTE 5 A BBELCTADLY, SLCRBAEHENT HcHlER) OB
ECETAELHRE, —BHOELH R#) %, OLOOBT L LEEBRALED T
DIRIY, FREDTEHL ORBASCREEOBRIBBLETH S,

B, R77RBMEYETAHALBR, Py lRABOBERG LI ENRCEE
ERESBRBIEFENCFRICh 2 HEEENRDONENE 55, Fhife, ~r= VR
BETAHEEROBEERE SOOI DBH LD, YEORLEELFETH D,

¥iz, R75BoLoR@BHoh =2 VvEOLOoRZBDLRRVETHE, FOX
5 ENEORE  CHINCREIRTWSD0h%y, REBBOMITLED, IO
CHET A MBERD 5, ARE T, SEREEYEHOEE S AL, SOCERR
EHE FHRHEDO VAN TOGHADETH S, EFRO LI BELHC LI - TE
DU R TOBH DT EIPDO, FREIMEBO BRI THLF, Ibcs
MR PIDETH S,

Froifie, HOCHEEIRIENED, BEOEFOBER T, FDXdE, LoBRE
FTHEELTCW20%, BARAELZBE L TRETZ2ZLIBDCEERRETHAD, ThE
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CTORBSD L BDTRES DTS D, Chb EsBo X bEMITEEILALE
HE\z s,

Thbd, AREXTFEOAEOLOCBER, KEMBCHVT, & 5EM-OH
 RRRRBLFR S FECH D,

V. ¥ E}

JLHE DO RAKOBRBEE L Ay, AMUFORKELE ORI TELINE, HE
WEENBRLEDHTEChL, ThX T#HES 220xBEs v - L LTHLACD
HEELXBND, ABEOHEKE X, BThr ek o, ko 2 - RET
5 [HEER) 2B LT, EFKRTHHIBEOBEKIS D 2780,

FLTEDZ L3, LB EOHFKR L XA EE2 HHBE, $HES] LxfrrksEET
REZLEBERLTWS, Tihbd, EBEOFHRELBIEMCA 2 -vF5 2 &3, tiglEo
HEPHEORARMBE W2 52, ThIXSEEZY EIRBTH0CKBCEFELTNEL0
LHEEIhSD,

Lvl, Th¥Eco MEHER RuELTLIHBERLOTIRRLS, EERICEELTA
&, UTOX 5B LEFFETH2Oo0XEN - AEBEENA 2 -CHcE L vbhb,

Thibb, ZOOED, MRECTRL AEROEFEEMEHR UL TBHEH) 14
=7) ez e vy 4 7] T#L LSO TRAREREE TBFZ 912 -oRThH
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FRTIE, Vofol TEHER REBEHCEDIS5KRIDE LTRBINARERLDON?

ARECBCTRR LIZEZDZ L HiE, ZOMEBEC—-EOREY L 2553085206
ha, Thbdb, EEOBZHCLEBRLE HEBEI-FOLERLLIE, BT
RSEHEHEETIEARTH Y, ThiteARkMe TEEER] IEERERY L - iR e
LR @S5, 3bHA, 20 FEHEGHE 11, ~r=vEEAD TEa0tE w45
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Summary

Two types of tree-forms have been recognized in forest trees for a long time. One is the
excurrent tree-form (Populus-like tree-form) developing under the strong apical control and the
other is the decurrent one (Ulmus-like tree-form) in which the apical control is obscure. But
their ecological meanings have been scarcely discussed although the tree-form must be an
important outer manifestation of life-styles. Therefore, as a first step to understand the diversity
of life-styles in cool-temperate and subarctic forest trees, ecological meanings of these tree-
forms were discussed in this paper through an analysis of growth and development of saplings
in a few species, especially in Abies sachalinensis MAsT. which is a represantative of excurrent
growth species.

The results are summarized as follows.

(1) The upper branches of Abies sachalinensis saplings had always bifurcated more rapidly
than the lower ones not only under opened conditons, but also under suppressed ones and the
terminal leader had always shown the highest bifuraction rate (Fig. 6). Therefore, it was
considered that the apical control should be always remarkable independantly of shade condi-
tions. That is, it was supposed that Abies sachalinensis should have a growth-style in which
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the bifurcation rate of lower branches were always inhibited intrinsically.

(2) In other words, the umbrella-like tree-form which the shaded saplings indicate could
be regarded as a deceptive architecture in spite of it’s appearance free from the apical control
(Fig. 3); the relative activity of branches to the trunk in total elongation had not increased
under suppressed conditions, because the number of 1-order branches had decreased as a result
of the decline of bifurcation rate of the terminal leader (Fig. 4 and Table 1).

(3) Tt seemed that the stable strongness of apical dominance on bifurcation rate as de-
scribed above should cause remarkable decrease of the total bifurcation rate of saplings showing
umbrella-like tree-forms, because the bifurcation rates of all 1-order branches had decreased
in company with the decrease of bifurcation rate of the terminal leader under suppressed
conditions. Moreover, it was supposed that the total bifurcation rate should decline more and
more with time, because the ratio of number of lower branches with lower rate of bifurcation
increases with time besides the bifurcation rate of terminal leader does not increase with time
(Fig. 7, 8). That is, it means in mathematical consequence that the total number of terminal
shoots of suppressed saplings never increase exponentially to top out extremely without thinking
of the shedding of lower branches.

(4) These growth characteristics as mentioned above must define the life style of Abies
sachalinensis.

Firstly, it must be very usefull for suppressed saplings in a certain sense to inhibit growth
and development, because growth inhibition means preservation of energy. They had shown
an architecture of shade-resistance; the mean elongation ratio of branches to the terminal
leader had increased under suppressed conditions (Fig. 4) and the weight of leaves per
l-order branch was more stable and increase with time more actively than those of Acer
mono MAXIM. saplings showing decurrent tree-form (Fig. 11). It is because they inhibit their
active growth to assign their energy mainly to the existing photosynthetic system.

That is, it was considered that the intrinsic stability of apical dominance should enable a
few saplings to endure even under strongly suppressed conditions to grow up after.

(5) But, judging from their low and rapidly decreasing activities in growth and develop-
ment (Fig. 7, 8, 10), it was supposed that most of suppressed saplings showing umbrella-like
tree-forms could not grow up, unless the situation had taken a favorable turn. That is, their
shade-resistance was considered to be regarded as “tolerance (endurance)” for a limited period.
And it means that they could not win in competition with upper trees by their own abilities.
Therefore, it was assumed that Abies sachalinensis shows a noncompetitive growth-style
intrinsically under suppressed conditions.

(6) Secondly, it was conversely supposed that saplings having been situated under well-
opened conditions from the early stage of their life histories could success in growing up to
canopy, because the stable strongness of apical dominance in bifurcation rate must enable the
high rate of vertical development of the photosynthetic system (Fig. 10) including the height
growth (Fig. 2). Such pattern of regeneration also suggests the noncompetitive life-style of
Abies sachalinensis, because the saplings success in growing up only where the competition
pressure is at low levels.

(7) In conclusion, it was supposed that the intrinsic stability of apical dominance in bifur-
cation rate recognized in Abies sachalinensis should make this species select a noncompetitive
life-style. This species must have two noncompetitive ways of regeneration intrinsically; one
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is the way of enduring and waiting and the other is the way of growing up prior to competi-
tions.

(8) Such facts as mentioned above were recognized to some extent in the saplings of
Betula ermanii CHAM. with excurrent growth habit. For example, the total bifurcation rate
of saplings had seemed to decrease more and more remarkably with time and the weight of
leaves had topped out under suppressed conditions, while the conspicuous development of the
photosynthetic system was recognized under relatively opened condition (Fig. 13, 15). More-
over, even under suppressed conditions, it was considered that the weight of leaves should
be more stable and should have increased more actively with time than those of Acer mono
saplings under the same condition (Fig. 17, 18).

From the facts described above, it was supposed that Betula ermanti should have the same
growth-style qualitatively with the same mode of response to suppression as Abies sachalinensis
in spite of many different physio-ecological characteristics between the two species. That is, it
was assumed that Betula ermanii also have a noncompetitive life-style as an intrinsical organi-
zational feature.

(9) On the contrary, the mode of response to suppression of Acer mono saplings having
decurrent growth habit was considered to be different from that of the two species described
above. It seemed that they could increase the number of terminal shoots exponentially even
under suppressed conditions although the mean value of bifurcation rate was not high (Fig.
14, 16). It is probably because this species can bifurcate more flexibly beyond the apical
control than the two species with excurrent growth habit as mentioned above.

Therefore, it was considered that Acer mono could avoid suppressions (that is, competition
pressure) at the individual level to develop the photosynthetic system actively and could grow
up even under suppressed conditions. That is, this species maybe responses to suppressions
by “avoidance” at the individual level.

In conclusion, it was supposed that this species could take a competitive life-style intrinsi-
cally.

(10) From the results and considerations as descirbed above, a few working hypotheses
were drawn. Firstly, it was assumed that all the excurrent growth species should have the
same growth feature as Abies sachalinensis to show the same noncompetitive life-style intrin-
sically. On the contorary, it was also assumed that all the decurrent growth species should
have the same growth features as Acer mono to show the same competitive life-style intrin-
sically. That is, two life-types (life-strategies) must be recognized in cool-temparate and
subarctic forest trees. One is Populus-type or the noncompetitive strategy with excurrent
tree-forms and the other is Ulmus-type or the competitive strategy with decurrent tree-form
(Table 3).

(11) Tt seemed that many phenomena on trees and forests could be explained systematically
by these assumptions. New tentative interpretations of a few important phenomena on suc-
cession and habitat segregation in cool-temparate and subarctic forest trees and forests were
attempted and discussed in this paper (Fig. 19, 20, 21, 22 and Table 3, 4).



