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L L &K

BROBBX - RBEOMELRILLEONLATERTIBSCHAOEFRANEE
7e%, MARKs (1974) 12REL% 5 i s} 2 BEHHRY BRI L, Fo—orciikiiz b
T\+%, TRYON and PowkLL (1984) 13 KER O KR ELIC 36\ T BIE Fic B Liciisi
AEELRIALELTERNT W3, RE (1983) 2 Hara (1985) 11 7 F HMERBED L  #3F
vy THRRELLORIKCHER &L LTEET A L2BOLAR LTS, EhDTTFHEOE
Wy » TEEFOBRL LTHATICRETOHBOM CECKRRCEET A HREFTH
5, LL, SLOBBRMRNCETRYAEETDZ L0, THEEARAT BET) Tiok
WHIRAF TE RN 30 ERBHOWERE L ED S (GRIME 1979), KREF (1983), Naga-
SIZUKA (1983), KoHyaMma (1983) (X EREFMHE 26 R O£ FRRT), BB T 2 RMmE R
L,

EBEOREIRRARANDKEFENT VOB TH S, RAKBEELC L » CTEHOME
BT TBBZEMNTERY, LL, =V =Rt Fe Yy RRTEES, £ERCBT5EHR
BAdivd vz s, ARRISHERERZK, BRFELAERKO I EBRBETHD I X7
(Quercus mongolica var. grosseserrata), >+ /% (Tilia japonica), 1 & v # = 5 (Acer
mono) EBOMB T BT AALERRLBELHETHENEN TS S, AXLE LB
WLUTHRXZEM L T e 2o et R F BT ER P EEA T RERDER O LR
REMERCHELERT S,

2. WMEBBIURESE

P 1983 FIALHmE &/ MR IC B BALBERF B MO TR B TT 7x » o, EAMK
HEROHMPIERE5-90 m O FEABRR TS 2, HETMITKIURE»L DOREH
o TRREIhTEY, ZEBLOEI RN Tem & D THY, 19734E 05 1982 FE ¥ TOMK
NRRBUFOKRET — 2 L % &, £FH4%IE 6.5°C, KSR 33.1°C, HEKR —304°C T
Bote, FREKREL 1,409 mm T, 26% BEFIC LD D ThHoTc, BERIFH0cem T,
ZHRLBRESR BT B, e, 6 AL 8 ARMTTHEOREMNEL, EEOHBIREN
Zxbns, EHHEZE NSHEEXHERCE LT3, I X435 (Q. mongolica var.
grosseserrata), ~ Y ¥V (Kalopanazx pictus), v+ 7 & (T. japonica), 4 # ¥ 7 =7 (A. mono),
Y =% 3 ¥ (Acer palmatum var. matsumurae), 7% X (Ostrya japonica) 2D ILER % £ &
& L=< (Picea jezoensis) BE L ICERX T HHRKTH S, MR+ +HTin v #H
ThHb, BERKIIBOREEX 413 REHRE L, AEX20m x20m O FHK TiT/ - 12,
FRE AR 16-20m D > 5 # v (Betula platyphylla var. japonica), v F ¥ € (Fraxinus
mandshurica var. japonica), ¥ < %€ 3 ¥, sx* / ¥ (Magnolia obovata), 3 X+ 5 OBFKC X
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S>TRED >FAL T, BE10-16m DBRIZA ¥ h=F, 74 &, ~)FINRSELT
Wie, HRREEZELIRSmx5m D/PMHHK 16 Bichid, 0K ILEONEHETA 2 v »
=7, ¥vF /¥, (RAFI7OM H<L3m) M TFRILERMLTHAEZCHE D12 -1,
BHONFBE S ETE, 3SHEEBOMEOLLZEMTIE L. #bbhx - lEBhiEE,
BRTER G, BRI ZHEL, BLME CTHAREER L TCESEMET CERRYE
Zlz, DIEDEERKT Lictk, BT L, Y&k, 8 K Bebd (EREgdileE
Uiz, RMECIHERLEL, BF, RECHLIFTCBRTIOTUTOX 5 cEE TS, BF
VEAEBIYF (MERZ and Bovce 1956) it 4T 5 O T, AL HDORETCERO—BH B\ ke
BERHELICOBRE - RBRPRIALHELLBEETH S, BEC X - TRER - BROBE
RI2BELELONARERECR—ELCHEL LT L, REXTHLENGEL
RDOLEOEREIND LR D, ERERY T @l THE, HELLBPBIEERD
TR LTRBETS, BXAEAEL, LEOBRMLLSB LTV B4 EGE LTHs 1,
ELEIETRETH D, BF, AELTCRWEETHS,

3. WMEHE R

1) EHOESZ #HE, B
Vv 7 AEEoBES Y Fig. L IwRT, 1 2¥»=7F, v/ FEEoEHE L
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Fig. 1. Height class distribution of advance regeneration in eleven 5X5m? quadrats.
Open, solid and striped bars indicate seedlings, seedling
sprouts and seedling layers, respectively.



142 BERFRENEBRTRRE FME K15

S WLERTHD, GEELIBE 20cm LTOEENS L, £EFEC 5D 20cm UTo
BHEOESZA XY H=F64%, 7/ % 8% Thotle, rv LB EDTry b &
t (Fig. 2) THLRUERTH o1z I X7 5 OBES T —LETH b BH O R HE ik 2Ry
LT3, 45+ »=F3BENEL kbR EFFOHEGAHEML TS5, BiFE 30cm LT T
12.8.7%, ¥ 30 cm LA LTIk 43% TH -7,

BTEEOSH Fig. 3) REBLARC A 2y r=F, v/ R LFEH 1 Xr 52—
IWBETH Tz, 4 XY H=FRERIKL 5 EFFOLHAEGIHML I, BEBID
WHRYF I FCHLRALERAYFT IS TH S, I XFS5OBF, 12v2=7, v+ /0K
£BEAIERCBE-EOHEGTE TR TNE T E2bh 5,

W Fig. ) ¥ R 5 LEEMCRIBEA LSS D, FEMCOBTEERCH
DEBRDHZEXTRLTNE, 41 XY I=FRERTYF /7 F, § X7 712 REBHRI
BThBH, I X+ 5L 7 rHOBRKTERESREASFNOh TR ), BT OBNA S
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Pig. 2. Height class distribution of advance regeneration in a 20X 20 m?
quadrat including eleven 5X5 m? quadrats.

Symbols are the same as in Fig. 1.
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DMBRERER b OwT5 L%
zxbhn W5 1977), 1 X+ 5113
FEEI0FEOBEG RS, FHh .
BORE ML 1974 48 & 1980 428 § X
F I DORBEFECHID, B 19754
EIBIFRREFL-HEE R0
DOWUEHBR LTS, 1 2 H=
FRIAXF T, vk o@Ek
BECIF T, X hEBOMEKL
PEEL, 41 2Y»=F3HET
3L, BETEE, V7 /7 Fi3
B CITHE, EETAEENE
HETh oz, § A 5131344
DBEE TR U Bk B EE
Lithrote, 7 BB T C12
BEYEEFTIHEFZELEAL
o &b T 5 REF 1983), 3
LD S5EETE CRELEBTBOAR
THB, SELLL BRI D L HEF, Fig. 3. Dy class distribution of advance regenera-
REDEEHIEMLTL B, B L tion in eleven 5X5 m? quadrats.
FEROERLEL AED P Symbols are the same as in Fig. 1.
LRERETETEEY M XHRKRELADLRVERF, REZRBZ YL Wohd Lhitt,
2) #HEOYREEHME

KEHC X » TEEIRIYEOEDELERTHABRET O EBERIERCAEZ L KE
3% (Monst 1960), HEEEROBELREBRT BHEEDO—~oL LT CF K GERMLEE B/FA1L
BER BHDH BK - B 1981), Fig 5 @B (W) & CF oL R L, 3EEL b MHE
BEOHMC L b7t -> TCF IZHmML iz, 0% ), HYEEOBAI X R L, CF i
DEHFMIA XY I =FEBCTRLBEETCH o1z, 38D CF kT 5 L EAEN2g %
BIBETRA 27 =FRNIXFS5, 7 FIDENMETH T, LENRST, 12%
h=FRERCESRVEDAOBENOSEERS LB ENBLbhB, { X+ 7 TR
HE\ ik CF off 2R TEERD 50, ThboBEIAISRE LERLBEO RN T
VAR TE Y, BREETHEELDONRD, 7Y FHRKREVLOOHEF, REMEITE
£X by CFMEL RBEANRD o1, A ZYH=F, ¥F 7 +TIRREERREIVIEE
FEDEENEL InoTniz, B, 10g DL ETEA 2 v =5 23 Eisrh, B3 13 FE, R
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Fig. 4. Age distribution of advance regeneration in eleven 5X5 m? quadrats.
Symbols are the same as in Fig. 1.

MG, v/ XX 2EBLELFHFETH I

Fig. 6 witt OB T2 THOBOUR LT TR X) LEEECMFREL R L, 3
XF5, v/ FIURTRERAZRETCRE—EDHEL E - Tz, TR ROEHEIL A
YHh=F, IXF5F, ¥F/ FFhFh 206 138, 328 Thotc, 12 v H=F3AKE20g
FTRX TR BAREAL, ThUKEBEEE0g 2 CETFHMLC v, 1257 H=F, vF/
FT TR EXRFERKERBEENDDH, ThboBEEIIM LR T TR SBENRHEH
ERTEDY, EFERBUBALTV2EE26h5, BRI LEEIERIMETL, Hiom
THMOEERBAHEH, TRENHM L ERELEFLECID OB Ko THREERIEL I
T ERHMBR TS (BAKER 1950), BiZ%F, REMBHEFEZHERTEL, 121 =F, ¥
F 7 FIHEF, REBGEDO TR R Ehote, 1 2 Y1 =FOHE, 10g ¥Bx 5BETITH
3, REMEEMN 143, FEN 212 g, Tonie, M EROEINE UL TY, BF, REEMFT
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Relationship between the weight (W) and CF-ratio of advance
regeneration in eleven 5X5 m? quadrats.
Closed circles, crosses and open circles indicate seedling, seedling sprouts and

Fig. 5.

seedling layers, respectively.

RELIDDIREWHBTHEL DL VW2D, BRI, FERBELEL L TORMTHRORELE L

BE, BHEECEDLZHTHEOHUGRE VW LOLDOEKITAE,
Fig. 7 3HAEBFI T LD 2 EEOKRE  (REF 1983) ZE - BEKE Wi L BHEEOBR
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Fig. 6. Relationship between the weight (W) and TR-ratio of advance
regeneration in eleven 5X5 m?2 quadrats.

Symbols are the same as in Fig. 5.
B RERZRIRORRCH, 2g MR bEA 2 v 2 =2FREIT I X+ 5, vF 7 FELE

RHERTEFEC 5D LE - YERBEOEHEIWNI o Tk, EhlToEGELE .
YVEKEOMRIIUTORCELTEL,

Wiie = a(Wp , (1)
bDEZAZYI=T, vF /%, I XFFREDOBET, £hFh 0.883, 0.937, 0.929 & ¢
oo b DML EDAS W EnBLEGKEC D53 - YEKEOBARKECHS LT3
twvwzd, BEEOKRELFEARER  HPBE~OFHEXHMLTHBZEM01ELLRS,
A 2 Y D =7FRBWTZOHEAREE CTH e, 1 2 v 7 =FREBHEIEIAT Y L E
WANIERA LB CHEmE R LTW e, HFEEERIEEES g D hicins L€ - YEHED
HENEELEEbLLELRoT W, ¥F /7 FORFEBERIEEOBEELE - YEKEOH
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Fig. 7. Relationship between the weight (W) and Wz+c, (a) of seedlings, (b)
of seedling sprouts and seedling layers in eleven 5x5 m? quadrats.
Wz+c shows the total weight of Wz and We. Wi and We indicate the weight of leaf and the
weight of current year shoot, respectively. (a) A. mono (@), T. japonica (0), Q. mongolica var.
grosseserrata (+), (b) A. mono; seedling sprouts (@), seedling layers (0). T. japonica; seedling
sprouts (a), seedling layers (&) Q. mongolica var. grosseserrata ; seedling sprouts ().
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FROERBLEILLTRIETh WA, BEMEGORE, 4 X b TR RHEDI - (Fig. 6)
ZEPDRUBEETH > T HEBRHEEL D SIS LD, LE-T, #ERKET
BE2 B EHEMEREA L DL CF V&L, - YUEKBEOHARAEVWZEnLER
b LB, THBZ EREREIRS,

KER BT IEE (W) & UERE (W) o (Fig. 8) b M ERMHELED D, UToR
THEMTE 1,

Wiz = a(Wep (2)

b DA X Y7 =7, ¥F /% TLO66, 0.953 L7g»7eDRK LTI X 7110642 &L FHEH
MELTEote, BHREOHMCE big, THE - UERFEIWML T Fig. N &b A £
YA=T, ¥/ XREFEOBMCL bR E L UFHOFREO TR RIE—E LT

50 -
e % 4 s
1-0 " ‘: ° " . s
- .‘. 2 *f‘ . a ’A
g .°‘ .:.. . N )
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Fig. 8. Relationship between Wz and W¢ of seedlings in eleven 5X5 m? quadrats.

Circles, squares and triangles indicate A. mono, T. japonica and Q. mongolica
var. grosseserrata, respectively.
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BT EDbhB, AT IOBRE, BEENMMTSLE  YEHER LD SEROHSN
HIMLTWBZLhbrd, YEREN0IgOLEOERY IR TIEA 2 Y H=F, vF
/%, IXFr7, ThZfh0884g 0365¢g, 0582g Linofe, 0% h, MLEDOELRHETS
DR LBERYEFOERRIA 2 Y h=F, 1 X+3, v/ *0ERERD,

CF ki3 BHhREDCHSE Fig. 1) L ARCHBELELC R THML T\ (Table1), v+
FR2ZFEUETA 2YH=F, $ X75Xp$ CFHIEL R T, v/ FDYEE
D CF 4 2 ¥ 2 =FCHETHIIEL, BEECHTE0EHEGR ML vz B,
Table 2 i@t & b7ed TREOENZ R LA, 12 v H=F, : XFF B BI LI
o THTHCAT 5 EROUEBHEM LT, ~F 7 21284 Eo kT TR L
B LT ARREREZ R o, IFELAETCORGTHEETHE V>, 30 TRE
B BN Ehbh D, YEEAEEIHENERND L, 11 FEOBEIBTHRORKE
KHHIR TRz D, ZOBBTO Y/ REDEERNI 2T H=F, I X551
EXRTEWZ ERFHEINE,

Table 1. CF-ratio of seedlings in eleven 5X5m quadrats

- Age class 1 2-6 7-11 12-21 22~
A. mono 1.96+0.43 3.96+1.22 3.99+1.26 6.15+2.46 8.43+3.50
(n=19) (n=29) (n=16) (n=14) (n=4)
T. japonica 413+£2.39 2.68+£0.60 3.74+0.81 4.214+0.74 —
(n=10) (n= 8) (n=9) (n=3)
Q. mongolica — 3344077 4624207  591+188 —
var, grosseserrata (n=10) (n=25) (n= 5)

(Notes) Values are expressed as means=standard deviation,
The figures inparentheses are the number of seedlings.

Table 2. TR-ratio of seedlings in eleven 5X5m quadrats

Age class 1 2-6 7-11 12-21 22—
A. mono 2.74+0.69 1.794+1.03 1.68+1.33 1.96+£0.71 2.294:0.44
(n=19) (n=29) (n=16) (n=14) (n=4)
T. japonica 3.261+0.92 2.8310.46 412+2.28 1.95:+0.48 —
(n=10) (n= 8) (n=9) (n=3)
Q. mongolica — 1.23+0.27 1.38+0.37 1.68+0.57 —
var. grosseserrata (n=10) (n=25) (n= 5)

(Notes) Values are expressed as means+standard deviation.
The figures in parentheses are the number of seedlings.

4 = x

7 ORKREIIERE - T CF EAFEL e b, BHREILLVOFAERSIERBIL, L
DAFERFPOREREAELENLEDL IO v ARERENMET 5 (B 1983), 1 x v »
=5, vF ¥, IXFIEREALRIBL R ONT CF BKAE kv BEEOMNCE L
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o THERFTCEHDLEEDOREVWE - YEBRBERFAI LTI, 127 2=F, ¥/ ¥,
I XFSOBETOEEIERICELVE - HOFEXHEML, HRNERRFITIE L
b, vF XML 2B ERLE, AELEHEOE RECHEL, B - RORORENE
WZ ERHBEIhT, Y/ FRIEBTHCETARTRIEL, FOERL LTHEE 0cem
EDBEHER10EADU FOBENRA 2T =F R ERT AL Lo Tz iiA 5, 4127
H=F, VF 7 FTRBPELRDIERE, BEVKREL AB2EEHFEEOEEGLHML T
oo BETEWOIBELGET CEFTRBOBALICESERBEFT I L - TEGREII -
TWBZEARBEINT, £FFRENELMLTCHHEFC L - TERMLEEEZRES L, £EE
BEYBERETIZ L - TBE T COAGRHRYERTAIENTEDEELLRD, BiF
ODREELTHMC I ZRE, KE, B - BRc X 38E (AucLar 1975) 7o K03k 523,

TrYON and PowELL (1984) (3 — #3897 A & LCHERL X 5B 0MFEE BT T\ 5, AUCLAIR
(1975) 11. Black cherry (Prunus serotina) #8SOBHFEEINBET COEEX HD TS L4
NTWwb, FRIFCBEAL ST T b, BROEFHFRBIARC X - TAETEF + » 7T D
hp (Waite 1979, GrRuss 1977), KefElRy, ZRENCTFRAIEOEVF + » 7 (% 1980) 2 F3H
OB L LCHEMCHRT i, RKCHiEB>RARTFR I H0RENTH S, fiEsh
E4 L HBARSF (seedling sprout) 1T Xk » TR X 5 (TRYoN and PowELL 1984) 23, £ £ v
Hh=F, vr 2 xOBE, FE, BE REEENLLBRINRTVWS LN roi)WCﬁ:/o 726

AucCLAIR (1975) i3, HAZFI3¥ +» v 7HRIC X D HEBEO T L TRENLSBE~OERY
BHBCLHE LOKEHT COERRRET S L BT 5, ¥ 7 /7 FILLERBEE ML,
By 5 TR ShicE » v 7 TRECEBRMLT 2 TH 2 (% 1981, g 1982),
Y REBCCRATE LS BN BRERG T COATRRDH L LI, Fvy 7RAD
O BHCMERALTHATEERD S, 4 2 v H=F3kUOEAkTE b7 5BKIC L -
THRLASEBRILHFERY T L CEERXIZA - Tk b (#EA 1979), BEEX -
HBECHF LV FRTCAEFOERLYRDIBMETH L LBEL OIS, Abies BTIXERMD
EREZIHL, BEXE~OSEEYHMERIEE, BB LVWLRABERELET A E
e X S THEBL Y 23R R T 5 (A 1985, Konvama 1980), 4 2 v h =5, v/
FOME L REHY L F CHERCHR L LTRBNF A L2 T2, « X 7 OHFRD
ML HREHNFIEL o TOATTRELEL, BECIZHF LR E L W, RS
(1979) 134 & ¥ = FOEFENR K75 L D b 7o LRELHIEEE LD Lok
W, PEDIXFIREREFH T 2 VY D= TFHRRFEFH CTh-Te biedb T 5, BRE
(1983) L X B & 7+ EHEIT 10-15FE LOAEETERVR A0 bLT, KA EH LWEEMNE
MENBLEDEHRECIIECEELEHEIRT WA, L L, MERZ and Boyck (1956), POwELL
and TRYON (1979) {Zdtk D Oak THEHHEXRE L TR, 3 X+ 5 o#EEEC VWU
SEBRHNEET S, SHIRLEY (1945) & L7cdi-» €, WEHY—EOBET BT 24 7%
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RELLTEDLZDEOIE, BELVLVTOXRERENLEG CREERILET S 2 LXBRO
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GHBHFC X EFHMMOER L BE LS L CHEROBERLRIAT HLELRDH D,
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Summary

This study was attempted to clarify the growth characteristics of advance regeneration of
three broad-leaved trees, Acer mono, Quercus mongolica var. grosseserrata and Tilia japonica.
The condition of growth of advance regeneration established in the understory was investigated
in a deciduous broad leaved forest of the Tomakomai Experiment Forest, Hokkaido University,
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southern Hokkaido.

(1) Height distributions of advance regeneration of both A. mono and T. japonica showed
L-shaped forms, while that of Q. mongolica var. grosseserrata showed nearly bell shaped dis-
tribution. The number of advance regeneration rapidly decreased after the growth over 20 cm
in height for T. japonica as compared with A. mono. In each species, the shape of diameter
distribution (D,) of advance regeneration resembled the shape of height distribution.

(2) Age distribution of A. mono was continuous and 21% of advance regeneration had
survived over 20 years. Most of advance regeneration of T. japonica (872%) were less than 10
years old. Q. mongolica var. grosseserrata had two peaks in age distribution at 3 and 10 years
old. '

(3) As size and/or age increased, the ratio of seedling sprouts in advance regeneration
also increased in all three species. _

(4) CF ratio (non-green parts/green parts) tended to increase with weight (w) of seedlings.
TR ratio (above ground parts/under ground parts) of A. mono decreased initially and increased
when W was over 2.0g. TR ratio of other two species was kept nearly constant in spite of
increase in w. .

(5) With increase in w, the weight of leaf plus current year shoot (Wp.c) of seedlings
tended to increase in all three species. In seedlings over 2g in w, A. mono had less Wi.c
than the other two species. In all three species, the ratio of wy.c to w tended to decrease
little by little as w increased.

(6) CF ratio increased with age in A. mono and Q. mongolica var. grosseserrata. But,
T. japonica showed higher CF ratio in 1l-year age class than in 2-6, 7-11 age class. 7.
Japonica seedlings tended to have smaller CF ratio than the other two species. TR ratio of
A. mono and Q. mongolica var. grosseserrata seedlings increased with age, but the highest
TR ratio of T. japonica seedlings was observed in 7-11 age class.

(7) Higher CF ratio and lower TR ratio were observed in seedling sprouts, comf)ared
with the seedlings of equal weight.

(8) It became clear that the seedlings of A. mono and T. japonica possessed the ability
to sprout and therefore their advance regeneration in the understory consisted of seedlings,
seedling sprouts and seedling layers. It was considered that the persistence under closed
canopy by sprouting repeatedly for a considerable period could increase the probability of
regeneration and predominance in canopy gaps.



