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Age structure and regeneration characteristic in a natural
beech (Fagus japonica Maxim. and F. crenata Blume)
forest in the Chichibu mountains, central Japan
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Fig. 1. Crown projection diagram of canopy trees (tree height = 12m) in the study plot and repartition
of gap and crown cluster.

@ Position of a stump of Fagus japonica from which disk was sampled
< Position of a stump of Fagus crenata from which disk was sampled
2\ Position of a stump of other tree species from which disk was sampled

© Crown tree from which disk was sampled

< > Crown tree from which disk was not sampled

Purple: Fagus japonica, Blue: Fagus crenata, Green: Other tree species
Gap
& Stump of dead trees ( DBH = 30cm )

/ Stem of dead trees ( DBH = 30cm )

Al ~E7 Quadrat number
CCI1 ~CCl12 Crown cluster number
GAP1-a,GAP1-b,GAP2  Gap number

Fc01 ~Fcl0  Fagus crenata number
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140 - . (] 140
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Fig. 2. Relationship between DBH and crown area of Fagus japonica and Fagus crenata.

4.5. KBS LUPHREX v v TORP & ZOREEFER

BUERAX I RS X OB v v 7123 » i d - 725 ([M-1), E512d 5 BIEDOHFE
MI3TmMDOF ¥ v FTIL 1T FEIZ T F B UMNTIERE NS DT, Ty v TORENS 34ELH
FHLTWi\v, 22 TEHREFy vy 723 DT, TOTFPEXZTHE 0L LTERED S
OTW/HHZ 7 0MELTLIBEHETHLCCHIZEL I EIZ L, M2 »FTOF v v 7
EFX vy TR, FNFNGAP 175252 nd TEAE 65cm @ 7 HREIA (GAP 1 -a) & EfE
39cm DA X TFIREIAR (GAP 1 -b), GAP 27748 i T 48cm D A X 7 FHRBEIKRTH - 72
(K-1),

GAP 1 ORI EERERE (-3 - GAP 1 -a, GAP 1 -b) L HEADAE (K-1) »
5, MEERE 65cm O 7 FHIEAR E Z1)8 1955 FEIZENBICTHREX Lo TR 2 R
(DBH2523cm & 12cm) Lo TR ENZF Y v T THBHEEZ LN, EHIZWEER48cm
DA XTHFREAROBET 2D HHF L CW2BORERE (-3 - GAP 1-b) ##ET Lz
Z%,GAP 1 -b IZMEEZE48cm DA X 7 FH 1975 FEUREN LB F v v THERK LT
B ENzb D EHEEENT2e T TGAP 1 -bDHFHZUTOLIIIKS L TFFY v 7
TEWARTH B4 X7 FIREIAROERE 48cm \IAHYS T 2 BHEHAE 2 X -2 1278 L7z B & ) ko
7o RIZBHESHIE TH - 72 ERE L TA X 7T FHREROBKROLE % Hol & 5 A8 M % X -1
FRICHiG 720 IBRICFOMIZE SN LEFH % GAP 1 -b, ZNLINO&EH % GAP 1 -a& L CTX4)
L7z (-1)s

GAP 1 -alZdEEZE6S5ecm D 7 FRENTHE LTy v 7T, FA¥y v TIBEDHET A1 X
TFTHIEARD ) B 8ARATI955 F I ERF MR ST TL I E06 (M-3), 1955FEICA L
XYy T THILEEZONIZ LB, XYy THREINTHLISERLBLARETY, Frv v
TIIRELHHALZZT T THo7 (M-1)o GAP 1 -aWEBOBFEREN 2 BB & (F-6), N7 F
THITEF I FIIITREDNIZTIEBPEMLRTH Y, THHE2HBOETARII P72 L
72735C, GAP 1 -ald&fk, Fyv v 7ORBEHIIBENEL TWb A X7 HHRERSY, 20oH
WA T TEPFEREL)F Yy TEBEL T D EEZ BN,

GAP 1 -b i3IS EZE48ecm DA X 7 F BN THELZF Y v 7 C HE¥ Y v TITHE0HET %
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M-3 GAP1-a, GAP 1 -b, GAP 2 D& DH 2 IS HET 5 AL ICH 2 EEOBEEE
Fig. 3. Diameter growth curve of trees on the circumference or inside the gaps GAP 1 -a, , GAP 1 -b
and GAP 2.

@ Fagus japonica, > Fagus crenata, > Other tree species
Broken line: period of gap formation.

A X TFHEAR 24 (1990 4FE DR TEEAT38.2cm & 36.8cm) AY197SEICHER A S HT
W2z e s (M-3), 19754FEEHICELF Y v T ThbH EEZ SN2, GAP 1 -bidSHIN
52KDA X TFHRERDNERE LD Fy v TEBEL T LD EE R SN,

GAP2 I3WE A 34em DA X 7FHEIN, FOTHE L VBN LA X TF IR (WS
EEN18cm) & EBICELLF vy T Tho/z BEOHEIZISm) . FF v v 7Tl 1960 4
124 X7+ ETF (Fe06) OMEAL 1 RAEMERTMASE T2 &n0 (-6) 19604
EIZAEL/-F Yy T Thb LR L. 7F (Fe07) 131960 FICHERL B SETED,
Xy FTRBEEICHEO KB LR DI L EZ 5N, SRITEEROKD &
Fyy THEEEDOBEBEIZOWTIIHO NPT LI EDRNTE o7z, 4B, FHF v v TORLEHT
BEEOET A 7 HEH 2, Fr v THERTIEA X 7 (WEEE 34em) OTHRE 4%
PFNLIA X TP OHFE L 2ERE I TRO2EAN, Fr v 72BELTHDIDOEE
Z bz,

4.6. BREFPEXL TV LEEEFOREROHTE I HIKIT

BUIEMTEAR & 72 o T B RO ERE VIR L T2 FEOREHESm (M-4) 12 &, 10
KL EERE RS TW2ED19204F, 19304F, 19354F, 19554F, 19604 51l (LA
T, EEELETD) Holoo MEERNFEAL Tz EEEOMEARDOBIE SR 2 X4 -5 1R
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o 1955 FFIIMERER LR L TWZHIEARD 9 & 8 A5 GAPL-a ICHiEAET A IC, 1960
FEILHERZEARSIETOMEARD 5 B 2R GAP-2 ISBHEOHET A MEIZH - 72 & HITHK
TEARDIE IR A2DS ATIZPTTHA LTHBY, ZR 513 1934 1A R o#HE LB T
NI RIEEOREICL ) 1935 FICHERZ WA S LHERINT, INLDOZ LD LK
FEEMEALRERIE, BRICELLFyy 7IHEPE L T AborLneEz S/,

HBIDBOFICHEREZMAZIETVIHERD ) B, ClLEDIINET LD TERD Y, £
NHEDOH L S RIFBAEDHBEDN 14 dOF vy v FNBEZEL T0ize 2INHEDZERE, 20
Fy v 7I3CL - D1 Z2HGIZ 1930 FEEICA U2 b o LR L 72,

4.7. A XTFEEHOERFME

CClIIMTEARDN A X TFTHABEHET, 1 X TFIZCCLOWNFIZ46 D o720 TN HIT4E
35/MXTD 9 B 28 /MXIICH ) (F-T7) AEXMCIL 5L Twice —H, 4 X7 FHD D
LIEE30em D LD MEADFEYEEIE292cm) & THAT308, BE 12m Ml Lo (B
FEAR) & ETRAITEE, BHAT 120 £ DL Lo (MEARDFIHEIL 1144F) %2 ETHAT22H
bhH E-T), RBEWRE YA AR EHOBE &0 A X 7 F RS X &RIZIE AL
Tz,

#-6 GAPl-aD R,

Table 6. Floristic composition of trees in a crown gap GAP1-a

- = o Jiop=
. . , . wA O EA Mg R
R kM Av o BEC B B% R gh g g PO gl
Tree species

Dmax  Hmax BA

N 0, S 0, 2 0,

N oy NOO S qomey SO NS Ty BAMY (amay RDOA)
Acer japonicum 8 364 26.7 3 136 15.8 2.7 13.9 84 0.0191 0.8686 59.5
Acer 7 318 233 5 227 26.3 14 4.6 44 0.0065 0.2951 20.2
tenuifolium
Acer palmatum 1 45 33 1 45 53 1.0 5.6 54 0.0025 0.1120 7.7
vat. amoenum
Acer 2 91 6.7 2 91 10.5 1.0 4.9 4.8 0.0020 0.0917 6.3
sieboldianum
Acer 1 45 33 1 45 53 1.0 33 4.8 0.0009 0.0389 2.7
micranthum
Acer mono var. 2 91 6.7 1 45 53 2.0 2.3 3.0 0.0004 0.0198 1.4
connivens
Acer palmatum 1 45 33 1 45 53 1.0 2.1 3.0 0.0003 0.0157 1.1
Callicarpa 5 227 16.7 2 91 10.5 2.5 0.8 2.4 0.0001 0.0057 0.4
mollis
Pterostytax 1 45 33 1 45 53 1.0 1.1 2.4 0.0001 0.0043 0.3
hispida
Pterocarya 1 45 33 1 45 53 1.0 1.0 1.9 0.0001 0.0036 0.2
rhoiforia
Tilia japonica 1 45 33 1 45 53 1.0 1.0 2.4 0.0001 0.0032 0.2

30 1,364 100.0 19 864  100.0 1.6 0.0321 1.4586  100.0

N.B. All the trees with height(H) larger than 1.3m were surveyed in Oct. and Nov. 1990, plot area:0.0223ha, N: number of stems,
S: number of stools, Dmax: maximum DBH, Hmax: maximum height, BA: basal area and RD: relative dominance.
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Fig. 4. Change of the number of canopy trees in which diameter growth rate in every five years was
over 1.7.

[ Fagus japonica, | Fagus crenata,[____] Other tree species

A X7 FIEKE BWEBIES BRI 2 W E, WL RS 5 1 X 7 @Bk AL T/RIE L
THREAVNEREICHE SN, ZORMZFEHRPIEH T2 L2 L D EE ) MR LT 2
EV)EFEEAD ) (RAKR2002), 79 LTEELLA X 7FOMEEIL, O & DORKICIHE
IhH A XG0 E Hio> Twd (KABE2002) . AFEX DA X 7F¥kb Z0 X 9 ik %
oz ehd (E-7), CC1LLLDOMP—FIZEF LM TIER L, 4 X7 F RO
DI LI E DRI Z/NAEOREREL, 29 LTELZF v v TOWNED 5 W IBHEs
THBOBERICE BBEEMEYRL T D T EPRBEE NI,

48. TIBEHOREFRLERERESB

CC2~CCOIXTF 75 7% ZBERET (M-1), £ D) LAETMHNT 7 5 BLEE OB AHE
ETE7ZDIECC2, CC4, CC5THho7z, B, CC3 & CCOIIBERZEMNT 5 7 ) DR
FAHA B ) FERIENT 2 AT R D e o 72O TR ZHEET E h o 72,

TEHARE R % HEE © Z 7B OBIEO TR IE CC2 25291 nd, CC4 23124 md, CC543328 niT
(BAELBEOF v v THREIIAH), 7FORFEBEIE CC2 24 KT 217 ~ 230 4, CC4H°
2ART224 A L 244, CC5DS3ART2I5~225FETH o720 BB 7 HHIEHEONTS %
WISHHE D USRS A VEIZH 2 O BEEREREBIIN -6 1R EB) THo 7

7 F BAEE OB (F05 &k <) 13215 ~ 244 4R 4 & I A o 72728, 6 USRS 2 7
T THo TOREERPHAR L 2ESCEHPEEICE > TRE o Tz (M-5). ZO—FHTTF
G ER 2R SEEIZE, 207 F LB Z# L TV A EEKIC BT 2 RSO
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19204F, 19304F, 19354F, 19554F, 1960412817 % 5 FHOMELEN 1.7 L TH - 2R
DBEDBTE A R

Fig. 5. Crown projection diagram of canopy trees in 1990 in which diameter growth rate in every five

years in 1920, 1930, 1935, 1955, 1960 was over 1.7.

A black thick line shows a canopy tree in 1990 in which diameter growth rate in every five years was
over 1.7.
The other introductory notes are the same as figure 1.
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Fc04
700 700

60.0

Fc06
50.0

400
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Growth of diameter (cm)
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M-6 BHEHCC2, CC4, CCSNMNELD B\ IIBEATZ NZHT 5 LHEICH 2 EEDOBEELE
Fig. 6. Diameter growth curve of trees on the circumference or inside the crown clusters CC2, CC4 and
CCs.
@ Fagus japonica, < Fagus crenata, /> Other tree species
Fc0l ~Fcl0  Fagus crenata number

RKUZFEE—FHL 720 DPEARRL S N7z 1920 FEDIRICOWTENLDOARKE HIT5H & (K-5),
Fc0113 19604E124 X 7 34, Fc2 & Fe31£19204E12 1 X 7F 34, Fc3 & Fe4idf X7+ 3
K, Fc06 & Fc07 1L 19204E12 4 X 7F 4 A, FclOIX19554EI1CA X TF 4R TH o720 TNHT
FBLITA X T 4~ 6 EPREFIICHER ZHRIE/EIE, BEZNSOBREIEL T 5
FHETEY Y TRE LTV LRI N,

FcO5 1 34F 56 T, BHEASCL - D1ICH 2 BEOTEEA 14 d O/MRBLF v v 7I2HEL Tw
72 SONHBEF v v T, BEOET ZMER S KPR EEL RS E2E2SH (1-5), 1930
EEIZE L EHEE SN INED T EH 5 Fe051E 19304EEICA LzF v v 72 ZRRICHEH
LzbokEZ 5N,

4.9. fEOLEBEOBBHOREFA

CC7~ CCI1213 7 2 P O IR FEREHDPMEAR TH 2 HEH T, 1o 0 ) LEER
DFEEFEREHETE/ CC8, CCY, CC10, CC12 DWELDH % \IMTREASZE IS B ALEIC
H B AEEOEEB R T M -TI2R . %8B, CCT & CCLLIIMBHERE 2 MR 2 Mk DR AT
BN D ) FIRIEHT AT R DR o72DT, ZORBEREHEETE Lh ol
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Fig. 7. Diameter growth curve of trees on the circumference or inside the crown clusters CC8, CC9,
CC10 and CC12.

@ Fagus japonica, < Fagus crenata, 2 Other tree species
Broken line: period of gap formation.

CC8 & CCY % &L X O _EM O KIRAM 50.17ha 1 1934 FE1RIR ST D (FEK
SRR AR 2000) o HARA S T2 AERGE L 722005 EOEEEREIZ A X 7, v A AN, I X
FOTUNT LT EOEEIRERE TH o 72 (FH12007). CC8 & CCI DE A ER AL K
e (M-7), CC8IIHMEZEL TW/2A XTFDH) 5 1935 FICHERZEAIELDD]
K, WALEELLONLAR, CCOEELZHEL TV A X 7D H 5 1935 FIHER 2B S
B2 DONTERD 5720 512, 1935 FITEERZ K SEMERI A2 25 ATIZH,TFTI11
Kotz (-3)0 TDOTEHECC8 L CCY L1934 EDHIRIH D—E T, KERIZIZT ¥4 7
VN, IAX, TN IT I EOEEIREBENEG LBEETH - 72

CC10 £ 1905 FERL S =gt < (K-7), BEZeF7F I A LF, & by NS T
MRIEAR & 72 o T2,

CCI121Z 1860 FELHILRL S M- REC (M-7), iz NNy F AT, anyFIh L
7, T F UL T RIS TR S S ), BHEOHMKIZITni Th 572,

5. & %

A X7 FBHER TS 5 CCLIZ, EA30em Ll L, 8% 12m Db, @i 120 £ L0 Loz & G ik
DAL LT L7z EHIZRALR (2002) AR L7zD EEERIZ, ERROREED 5 b [F1H
BRI AR —FIZH LM TIE R, A X7 FHRAHIIE L Hi3F 12 X D RN O 2 R S &
BHRORAICEF L TE b LRI N,
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GAP 1 -a DHERICIEA X T F % 5 WIZ T F DFEAHRE BLNZEHKIZHFEIEL TV i h o
7o ZOHEME LT, GAP 1 -a PR ENZORHEEIIHEXR O 7 FH 2 E & BETh h o
T2 EeNEZONDL, AREXTIX19884EI214 X T F DA EME HESH2001) L4h, F0H
SEIZFRKIC X DHTED 21.4% DB L (25 1991a), & 5121990 4 ICHEX &k s h iz,
i (2005) 13, AFEXIZBOTEES S 14 £ L 72 2004 4£IREF TV 1,431 &R /ha B
DEARRD A X TFHE D H 52 L BB L TWE, £/, KAE (2002) 134 X 7FHTA
R TFOFEEEHPHIT B0 LT, BIEERBELRF Yy TREEDS A 2 v 79 —HT 5
ZEEBHIFTVDL, UEDOZ s, KAEXKIZBWTHA X TFEEEEKHES Yy v 70K
WMDY A IV THREZIE, A XTFOEEERFIITETH D L E 2T,

MRS T F T 5 BEEEOBFEDOHERE L CC2 A3291 mi, CC4H%118 nd, CC5 25328 i TV
FTNHL100nt L YV ARE L, FNHIE 1740~ 17704F &\ 9 VARSI L 7 BR I £ ) A
R SN Tz, B 7T Ol (Fc05 <) 12215 ~ 244 4 L BT 0o 7245, [ U
THEZH BT T ThoTHEOBROBEREERBIEMRIZL > TRE > TV, ZOHBODE
DL LT, BEORIZEHOD L EEIIKRERZHASEEIL, ZOTFE/ENEL T
T E v v THEL, ST L2 e 2 b s, B4C1LHE (OHKUBO ef al. 1988)
RLEHBE (OHKUBO et al. 1996) DA X 7 FHTIIMEREADOHEARBEIZ X > TRHE Iz
Xy Th, Frvv FTEREY v THOA X TFH&EP S OHFEBROBEIIERT S LT,
Fx v TOBEICESET LI EPEHINTWL, KFEXDOBETD, 7FEBENELTY
TGS v v T U OS2I C, £y v TIIBE L /-7 B LU
X TFHIBEELPREE2Z EIE T, HERSHALZLDEHEEL 72,

RRAEXNOMEEREDS cm L Lo 7 1%, #2215 ~2444FE07F 9K L, B 16.2cm
THEBEH 56 D7F (Fc05) LpRSN%ado72, %BFc0513 1930 FEHICAELF Yy v 7D
HNFEBCTHEH L TN 720 20— 5T, RFEXIEHET 2 1HfE 6.875ha O KHFE E R E)E 7 0 v
N GEHS 2005) (2B 27+ OBEER L 5-10cm QRS TR b ARE (FREHEO 7 F 1IN 7
F— )72 138 K) oL\ L FRIOG A% R L GBHS 2005), 1 X7 -7 FHOEH %=
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CC8 & CCY IFKIKAM 50.17ha A% 1934 FEICKIR S N2 B — AL L, 7 &4 5 N,
AR, TIONTHTTF R EOEERER FROBIERETH o 728, kIRE WA XT8R2 5
DHFBPHAIHAON, KEIZAXTFOEHEFE L T DEER D, Flbd & 9 ITK
PR OEHIL 1990 4 12 HIZER E NS, F1h 5 144588 L 72 2004 F IS AR 2 B 5
MICT 5 HIYTE#H (2005) 23HAFEEZITo T be TORE, wF8A BN, I XA, 71
NTHLT, IZAFRIMULOBBTELL, A XT7FE1~5molERBIZEZ Rbh/, Lz
o TARFAEXICBWT D, EIREDO RV EIELEREIMNE 2 — RIS E T 5725, KEITA
2T OBEEEIEL T oL P Sz (B 2005). DLl X912, 1934 FE I3RS
7oy &, RFAXOEBRE 174 HORAFR (35 2005) TiE, WEBICA X 7O LED
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BAEDWEREA 223 i T 5 GAPl-a TIE, v v 7HEH SN TH 5 35EBL TWzIc b
oS, Fx v FRBICH -7 FH2HELE T TEF Yy 72BELERT AP o7, £ L
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FREPIFIR L 722 E BT BN,

1955 M ELE 65ecm @ 7 F ENBRICE U2MEX v v 713, BAEOERES 223 ni T,
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Summary

In order to explore the regeneration pattern in a natural beech forest (Fagus japonica Maxim.
and F. crenata Blume), a research plot with an area of 0.35 ha was established at an altitude of
1,160 m in the Chichibu mountains, central Japan.

The diameter at breast height (DBH) and height (H) of all trees taller than 1.3 m were

measured. Stem analysis had been carried out in the study plot in 1990 on 45% of the trees in
order to clarify and categorize the age structure. Using the tree species that constituted the

measured canopy in 1990, crown cluster and gaps were measured and classified into separate
groups. The regeneration characteristics in the natural beech forest were analyzed on the basis of
the relationship between annual ring analysis and crown dynamics.

Twenty-six species were recorded in the study plot. The total number of trees and basal arca
(BA) were 2,800/ha and 33.2 i /ha, respectively. The study stand was dominated by F. japonica ,
which occupied 72.0% in terms of number of trees and 78.8% in relative dominance (RD). The
number of trees and RD of F. crenata were 1.0% and 15.8%, respectively. Six species were
recorded as dead trees (DBH = Scm) in the study plot. The total number and basal area of dead
trees were 189/ha and 9.3 nd /ha, respectively. The ratio of the number and RD of dead trees of F.
Jjaponica against all dead trees were 89.4% and 60.9% and those of. F crenata were 3.0% and
37.2%, respectively. Total crown cover was 87.2% of which 65.7% was occupied by F. japonica,
17.2% by F. crenata and the remaining 4.3% was occupied by other deciduous tree species. The
total gap area in the canopy was 12.8%. The largest gap was 252 nd, followed by 48 nf and 37 it .
Other gaps were less than 15 nd .

In the crown cluster group dominated by F. japonica, specimens of F. japonica that had stools

from which stems with a DBH greater than 30cm, height larger than 12m and age more than 120
years were widely distributed. Therefore, the whole crown cluster dominated by F. japonica did
not seem to have regenerated simultaneously but was regenerated gradually by stem replacement
from stools.

The area of the crown cluster dominated by F. crenata in 1990 was 118 - 328 ni . F. crenata trees
were considered to have regenerated at almost the same time between 1740 and 1770. However,
the diameter growth progression differed individually in the case of £ crenata. One reason for the
increase in diameter growth of the crown trees of F. crenata was improved light conditions caused
by the formation of small-scale gaps adjacent to the crown of dominant F. crenata trees.

A large-scale gap with an area of 223 ni still existed in 1990 even after it was formed 35 years
ago when a specimen of F. crenata of 65cm DBH fell in 1955. In this gap, species such as Acer
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Japonicum, A. sieboldianum, and A. tenuifolium, have mainly regenerated.

To estimate the recovery process of disturbed stands, we observed two secondary stands, one
was cut by 50.17 ha in 1934 near the study plot and the other was this study stand which was cut
by 0.35ha accidentally in 1990, 14 years after its establishment. Both of these clear-cut areas were
dominated by pioneer deciduous broad-leaved trees such as Betula maximowicziana, B. grossa,
Acer rufinerve, and Swida controversa. From these results, it was suggested that the species that

regenerate in gaps or fill gaps differs greatly according to the magnitude of disturbance and size
of gap.

Key words: Age structure, Chichibu mountains, Fagus japonica, Fagus crenata, Gap,
Regeneration characteristics of tree species








