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Succession of a Pinus densiflora stand in Sugadaira, central Japan

Jun Kat0 and Ichiro HAYASHI
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Pinus densiflora 63
Betula platyphylla var. japonica 8
Quercus mongolica ssp. crispula 2
Rhus trichocarpa

Prunus maximowiczii
Rhododendron japonicum
Ligustrum tschonoskii

Lonicera gracilipes var. glandulosa
Cornus controversa

Acer rufinerve

Malus toringo

Euonymus steboldianus

Prunus incisa

Viburnum opulus var. calvescens
Acer crataegifolium

Sorbus commixta

Prunus grayana

Clethra barbinervis

Acanthopanax sciadophylloides
Fraxinus sieboldiana

Juglans ailanthifolia

Hydrangea paniculata

Viburnum wrightii

Fraxinus mandshurica var. japonica
Tlex macropoda

Toisusu urbaniana

Fraxinus lanuginosa f. serrata
Aralia elata

Acer ginnala var. aidzuense

Prunus jamasakura

Magnolia praecocissima

Acer mono f. marmoratum
Viburnum dilatatum

Pourthiaea villosa var. laevis
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Chaenomeles japonica
Euonymus alatus {. ciliato-dentatus
Abies veilchii
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Prunus apetala
Rosa multiflora 1.3
Salix bakko
Acanthopanax spinosus
Vitis coignetiae 10.6
Hosta sieboldiana 23.9
Rhus ambigua 18.6
Schisandra chinensis 12.2
Celastrus orbiculatus 5.4
Solidago virgaurea var. asiatica 1.8
Miscanthus sinensts 1.2
Tripterospermum japonicum 0.8
Liparis kumokiri 0.5
Kalopanax pictus 0.2
Carex lanceolata 0.2
unidentified sp. 0.2
Sanguisorba officinalis 0.1
Epipactis thunbergii 0.1
Pyrola japonica 0
Total 56 species 73 290
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FE il HH b O E it
T FEA b LSR8 ST WMERRERO  HWNRR{EFERO .
£ .1 DBH WA DBH it £ 24 & o Kt RiFERoMnit
(800m?) cm (800m?) * cm kg m? kg m? kg m* kgm?y"' kg m?y* kg m?y!

1977 316 7.3 19 3.3 2.61 0.40 2.21 - - -
1978 297 8.1 4 4.5 3.01 0.41 2.60 0.52 0.19 0.71
1979 293 8.7 7 5.2 3.37 0.48 2.89 0.33 0.15 0.48
1980 286 9.1 8 4.8 3.58 0.50 3.08 0.25 0.11 0.36
1981 278 9.5 8 3.7 3.79 0.52 3.27 0.28 0.10 0.38
1982 270 10.1 6 3.0 4.12 0.54 3.58 0.41 0.14 0.55
1983 264 10.6 19 4.8 4,42 0.59 3.83 0.33 0.13 0.46
1984 245 11.2 11 6.3 4.53 0.58 3.95 0.40 0.15 0.55
1985 234 11.9 11 6.8 4.86 0.61 4.25 0.47 0.18 0.65
1986 223 12.6 3 4.5 5.16 0.67 4.49 0.45 0.17 0.62
1987 220 13.0 1 2.2 5.39 0.69 4.70 0.28 0.11 0.39
1988 219 13.5 17 8.9 5.78 0.71 5.07 0.38 0.14 0.52
1989 202 14.0 12 8.0 571 0.71 5.00 0.33 0.13 0.46
1990 190 14.5 9 10.3 5.72 0.71 5.01 0.31 0.12 0.43
1991 180 15.0 3 9.1 5.78 0.70 5.08 0.34 0.11 0.45
1992 177 15.4 4 12.0 5.97 0.73 5.24 0.24 0.09 0.33
1993 173 15.7 2 7.9 6.06 0.74 5.32 0.19 0.06 0.25
1994 171 15.9 5 11.5 6.13 0.73 5.40 0.15 0.04 0.19
1995 166 16.5 6 9.8 6.37 0.77 5.60 0.35 0.15 0.50
1996 160 17.0 0 - 6.50 0.76 5.74 0.34 0.12 0.46
1997 160 17.3 7 9.0 6.72 0.80 5.92 0.18 0.08 0.26
1998 153 18.0 11 11.2 6.92 0.80 6.12 0.46 0.17 0.63
1999 142 18.8 l 12.8 6.98 0.80 6.18 0.50 0.18 0.68
2000 141 19.0 4 10.4 7.07 0.81 6.26 0.12 0.05 0.17
2001 137 19.6 1 13.3 7.28 0.82 6.46 0.38 0.14 0.52
2002 136 19.9 4 9.8 7.43 0.85 6.58 0.17 0.07 0.24
2003 132 20.3 5 15.7 7.49 0.84 6.65 0.26 0.10 0.36
2004 127 20.8 - - 7.54 0.84 6.70 0.30 0.11 0.41
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#£3  HMFEARDM LFBFEROREHE L LR
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T e kgm? BHE (%)
1977 0.04 1.4
1978 0.05 1.7
1979 0.08 2.4
1980 0.11 3.1
1981 0.13 3.4
1982 0.14 3.3
1983 0.21 a1
1984 0.28 6.1
1985 0.36 7.4
1986 0.37 7.1
1987 0.37 6.8
1988 0.57 10.0
1989 0.69 2.2
1990 0.84 14.6
1991 0.87 5.1
1992 0.96 16.0
1993 0.98 16.1
1994 1.07 17.5
1995 116 18.2
1996 1.16 17.9
1997 .25 18.6
1998 .45 21.0
1999 1.48 21.2
2000 1.54 21.8
2001 157 215
2002 1.62 21.9
2003 1.80 24.0
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#4 19994 H> 5 20034E & T D F ARG D ALK

i
i 1999 2000 2001 2002 2003
SEIES Com (BT Fay MANOREE)
Quercus mongolica ssp. crispula 45(164) 51(163) 53(164) 53(172) 59(167)
Rhus trichocarpa 237(89) 257 (88) 266 (88) 275(87) 278 (86)
Prunus maximowiczii 263(34) 291(32) 293(32) 311 (31 315(29)
Malus toringo 227(5) 226 (5) 226 (5) 298 (4) 294 (4)
Cornus controversa 344(5) 365 (5) 359(4) 382 (4) 431 (4)
Prunus incisa 160(5) 181 (5) 220(4) 229(4) 241 (4)
Euonymus sieboldianus 160(5) 164 (4) 170(4) 152 (4) 141 (4)
Acer rufinerve 131(4) 201 (4) 226 (4) 283(4) 268 (4)
Prunus grayana 242(3) 239(3) 258 (3) 252 (3) 253(3)
Sorbus commixta 250(3) 290(3) 294 (3) 295(3) 309(3)
Acanthopanax sciadophylloides 150 (2) 202(2) 240(2) 286 (2) 284(2)
Acer sp. 74(2) 89(2) 102(2) 111(2) 94(2)
Clethra barbinervis 427(2) 430(2) 483(2) 519(2) 524(2)
Fraxinus sieboldiana 116 (2) 162 (2) 218(1) 228(1) 225(1)
Acer ginnala var. aidzuense 243(1) 274 () 275(1) 262(1) 283(1)
Acer mono f. marmoratum 60(1) 56 (1) 63(1) 65(1) 0
Aralia elata 254 (1) 308(D) 324(1) 341 (D 360(1)
Fraxinus lanuginosa f. serrata 263 (1) 330(1 339(1) 352(1) 352(1)
Hlex macropoda 476(1) 470(1) 506 (1) 0 0O
Magnolia praecocissima 83(I) 96 (1) 83(1 70(1) 58(1)
Prunus jamasakura 142(1) 142(1) 209(1) 210(1) 236 (1)
Toisusu urbaniana 271(Q1) 180(1) 179(1) 00 0 (0}
Total 22 species (333) (328) (326) (329) (320
1000 [~ ° #5 BEANETHARNOSFRE KSR
100 " A TR
o 10 kg m? (%) kg m* (%)
38 1999  6.98  (94.4) 0.4l 6.6
by 1 2000 7.07 (93.6) 0.48 6.4
) 2000 7.28  (93.2) 0.53 (6.8)
a9 0.1 2002 7.43 (92.86) 0.59 (7.4
2003 7.49 (92.6) 0.60 (7.4)
0.01
0.001 —73%), #ix134gm?® (18% ; fH 9 %—30%) 7i-
| Foo BHOEHBEREBROMY FE-7: B (39
0.0001 2. s, = N 2. :
0.1 1 10 100 m?; 5%), ¥ H /DB (24gm?; 3 %), pine

Height (m)
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cones (17gm?; 2%), »# T = ¥ @ ¥ (12gm?;
2%),

X35, BT H DKL AR H Lt (369g m?
(0.69t ha") T, EMFHOY 2—DERIZ747g m*
y' (7.47tha'y') Thole Zh® x, &l T8l6g
m? (8. 16t ha") A3 Licftgs & hBd 2 &tk 5,
Olson (1963) (X5 ARICBIT HIEBINBERRL .
% f- Kawahara (1985) QX ZDHBBMBOT A=Y D
BEOHBEUI0. 55y B e S LA, Che2HA
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#6 HFEHYE—®R (gm?y’)

®

g *

4 ATk JioeY @h

£ 12 1E BRI & &t

1978  400.0 15.8 14.7 11.8 97.9

1979 442.2 - - - 54.4
1980  509.0 - 4.9 14.1 85.2
1981 487.7 4.4 25.1 18.9
1982 511.7 10.8 4.1 12.8

140.8
291.7

28.1 7.1 16.3 311 623.3
35.6 3.1 8.7 38.5 602.6
29.1 4.8 10.7 44.4 702.7
42.1 1.2 36.6 47.5 844.3
58.7 0.7 14.8 57.6 962.8

5L, 2003FICREFEL TV 3 RUX1929g m™ iz o7z,
boLIERRREFEERT 5700103, HEBRBEMTO
FEERDIEBRVLEICR D,

IV EBECHER

Hatiya et al. (1989) = & 4 i, # Bi20E (F 85
DBH5.2cm £3.4cm) D7 A+ Ml LB FERIE,
3.3kg m?&3.2kg m* (£ 1L # h33tha', 32tha"),
HOHEMG kIR, RELL3BARY>TEORIMSE
FTICHEIL TH 5., HENHTEOBOCEVFELDE
LHhTriisTrLEbh3,

Hatiya et al. (1989) (X35t % DBHS5. 2cm D& X
T30.43kg m?*, DBH3.4cm @ i 7 X T (30. 40kg m*
EHEL TS, THLRHEHSDITTHDE A
BELL,

Saito et al. (1991) {3 DBH27.0¢cm D7 A=V H oD
Y Z—R%2670gm?y'E §l45 L A-o % 7- Tanabe
etal. (2003) (X DBH23.6cm it Hi854E 0 7 4 = W #
DEMWY 2—it%E531lgm* y' L &G L, ¥ELHOME
DFHMREOD, BEROBAMITHBH20ESSTH
3L \5 (Hatiyaetal 1989) O THMII DL &
Bbha,

TATYREIR>IEFLE2EL D
LIEDE-T3, ZhZhOMkOREHENERIZ,
MFonl, HHORE, REWMOBETS, GELL0
LBk > THEEI IS, FEIZDRF—TUT
i3, BOYENERCKEEMNIELLE, i
DATF—ITE, REOMEMLBEBIRLL, BN
HRSPHARFCARIMEHIELNS, BEHR
BLTOL LEEOFMIE S X LA 3 (Stoll et
al. 1989), HFEHELDEB TR, 7H?VYPIXF5
198I4E L 19994 IC T X Lo (B 2), 19814F
PYBROBRR TR/ OEEEEBMEEE OBScad
THM L - ZOMEMEAORR, MEOERSHE
%1t9 % (He and Duncan 2000) .

6 WREN T3 DBH DIEBS T OKELILE,

NSO AALMRT 2 L #BPRL TV 5, BERHA
MBI &k VYL, | AEORBEAHERT L
W, ¥rv7HEL, BEPHRKE THETS, L
Lahts, HEtHE I XF5ofsERdai0tal,
HEICRE T2 2 EHDOBEOKRE L RET 3,
Zhoz, ¥Frv7drEsFLEIXFSORES
RAEL L,

SEMBITOKER, 7HTYORGRIBAHETAD
K[BP, YE4HA»SH 6 A TORKRIZIEDHES
bote, HESHOARREDHMMH -1z, BED
BREELVY, BOARREROBHICHTDLH
hblLhdi,

I X+ SOHLEZDOERRHEE, ETATADKR
T Yt £ 3 (Lookingbill and Zavala 2000). Q)= %
i, VOIXFIBHRFLLDOL T, X
PHIRT 3 LIBMEICHF LM dem DI XF S
DOHFEEZMWET LI itk s, S0z hiE,
19894E (27 A7+ 13800m*. H - V253ERT L T
Wi, SOEIBPMOEETER, HEKICIXFIHKR
BYsciR+atHEMNEELAVI L 28T, HE
NENIVEPL, BUHTIXFIHEETRESXE
BHMER TR LS kol VA5,

FEHEOQT ATV TEENTELIECREL
TLEY, FTRARBICT A YOHEMEBEL kb -
Too ZHAEHMLTEL DIXFSOMHEMIBIES I,
TH?YOKKT, IXFSRRETRETH-/. 23
EHEPSMUFEROMICEIXF SR T AV ERIULH
WichahffEfilahsi: (B9, CDLER, 7H
TYNBHLTOARER I XFSHEET S HEN
tiEMbacbicks, BEMOELIRSEE L
FEIFREME, RRRFHE, EERHERFoCHOREIL A
HLEDHERTH B,

B, MERMoMARBEE K2 XMbYHH S,
BBERCHIBMEBBIEALEABIL, KDRATF—
TOBSHLMLIILD S, T, RSB HT
3, SAOBETRRQCRHRINS & 5 L EFKRFNE
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OWMBEARDEHWBH R 5, —HTRWHETIXFFh
BWERT, FOERTATYOEENHEIL I XF
THRET 3.

WEETREBRCBYIMYOBEREER, H
%, KB, BKBELOVBNT7 7 72— >TE
FHLBOLIATES, LL, MHINT 77 2—730
TEDHIDEELL, 50D, RLYHNRET
b, WERCEIVPERIINF—Ta—HR22D
THEREERDZIOMBFEL V1L, ZhIZMZ,
FUBEADTTHEBERIC & ) HAPHEOBE
BRI TV EVSI L bD S,

BEOE LT, QRTHRBLILLICTHATYOR
EREYT 5, BEOBEEI—ENICLRES RIFIC
SRWED I XFSREHOMADOREZINET 2,
BRELTHRUE I XF 50O ET A IS
OHTHUTSEEhE. F0OL aUHIHILREG
IZXFSUNDEDOREE IS TS,

RO L@2FEATIIE, BUEHY OBERMN
maEHERTZCENTES, HERHAEROBEIHE,
THTYRTHAORERZ2GHThIEB D, T
RA20034EIC 3 2BDT. 4% % B FTICk -7
COMNBIBENRRTEICH>TRELLRSEHESD,
EHH M ER%0.3Tkgm?y! (3.Ttha'y") L #E
HMT2 T, 19TTHE»H2004FE 2 TICEHET
&/ ZEIbBEFE212.0kgm® (4.4t ha'y") FEoiz,
O TERMIC ] hadbzD2.07t DBEFR & Ffic
% %, Grace (2004) (X iR # bk & b7 bk o Bt 4 PE
(NPP) # ZhZHh7.TtCha'y'& 1.9t Cha' y'& #t
LI, ERLOMBOLRANESODY, ZHEEDL
ORBEHGBRIFCH SIS THA S, LIBROM
4@ (NEP) #HET 224k, LETOMEDPHRR
DITRHHETH D,

# JISRLAHBENRh OREY OREAEOLOT
AR L7z, BB LICHIAREBERDORBB L THH»L S
ORAERILTV S, LS DRIBEATOZEER
KEIMEMTHMENS ETEOMARCRHES AT
Eh 612,

A UHRENBET L BBICHE L THRERM D VB
FRHPBLTIHEI NS, 2hoz, BEOHRTH
B ERETHET 2 QMAROEE T 508
Mhs,

vV 2B XR

Ando T (1962) Growth analysis on the natural stands of

Bull. Bot. Soc. Nagano No.40 11

Japanese red pine (Pinus densiflora Sieb. et Zucc.).
II. Analysis of stand density (In Japanese with
English summary). Bull For For Prod Res Inst 147 :
45-77.

Bard GE (1952) Secondary succession on the Piedmont
of New Jersey. Ecol Monogr 22 : 195-215.

Bazzaz FA (1968) Succession on abandoned fields in the
Shawnee Hills, Southern Illinois. Ecology 49 : 924~
936.

Bornkamm FH (1985) Vegetation changes in herbaceous
communities. Handbook Veg Sci 3 : 89-109.

Clements FC (1916) Plant succession:an analysis of the
development of vegetation. Carnegie Inst
Washington Publication. 242. Washington, DC:
Carnegie Institution of Washington.

Clements FC (1928) Plant succession and indicators.
Hafner Publishing Co. Inc., New York.

Coile TS (1936) The effect of rainfall and temperature on
the annual radial growth of pine in the southern
United States. Ecol Monogr 6 : 533-562.

Cowles HC (1899) The ecological relations of the
vegetation on the sand dunes of Lake Michigan. Bot
Gazette 27 : 95-117, 167-202, 281-308, 361-391.

Fujiwara M (1995) Succession of secondary pine forest
after pine wilt disease in San-yo district, Western
Japan. Nat Hist Res 3 : 161-171.

Grace J (2004) Understanding and managing the global
carbon cycle. J Ecol 92 : 189-202.

Hatiya K, Takeuchi I, Tochiai K (1989) Productivity of
high stands in Pinus densiflora Sieb. et Zucc. (In
Japanese with English summary). Bull For For Pred
Res Inst 354 : 39-97.

Hayashi 1 (1991) Secondary succession of herbaceous
communities in Japan:a case study in Sugadaira,
Central Japan. Bull Sugadaira Montane Res Center.
12:1-12.

He E Duncan RP (2000) Density-dependant effects on
tree survival in an old growth Douglas fir forest. J
Ecol 88 : 676-688.

Hong SK, Nakagoshi N (1996) Biomass change of a
human-influenced pine forest and forest
management in agricultural landscape system.
Korean | Ecol 70 : 1153-1166.

Japan Forestry Agency (1973) Manual of stand-density



12 REFRMYWRSE 2405

control diagram for Pinus densiflora: central
district (In Japanese). Japan Ministry of Agriculture,
Forestry and Fisheries, Tokyo, Japan.

Karizumi, N (1974) The mechanism and function of tree
root in the process of forest production I. method of
investigation and estimation of the root biomass.
Bull Gov For Exp Stn 259 : 1-99.

Kawada K, Vovk AG, Filatova OV, Araki M, Nakamura T,
Hayashi I (2005) Floristic composition and plant
biomass production of steppe communities in the
vicinity of Kharkiv, Ukraine. Grassland Science 51 :
205-213.

Kawahara T (1985) Carbon cycling in forest ecosystems.
Bull For For Prod Res Inst 334 : 21-52,

Kenkel NC (1988) Pattern of selfthinning in jack pine:
testing the random mortality hypothesis. Ecology 69

: 1017-1024.

Kenkel NC, Hendrie ML, Bella IE (1997) A long-term
study of Pinus banksiana population dynamics. |
Veg Sci 8 : 241-254.

Lookingbill TR, Zavala MA (2000) Spatial pattern of
Quercus ilex and Quercus pubescens recruitment in
Pinus halepensis dominated woodlands. J Veg Sci 11
: 607-612.

Mosandl R, Kleinert A (1998) Development of oaks
(Quercus petraea) emerged from bird-dispersed
seeds under old-growth pine (Pinus stlvestris)
stands. For Ecol Manag 106 : 35-44.

Nakamura H (1984) What makes an oak forest (In
Japanese). Anima 10 : 22-27.

Nakagoshi N, Nehira K (1982) Regeneration of
vegetation in the burned pine forest in southern
Hiroshima Prefecture, Japan III. The control forest
(In Japanese with English summary). Bull Biol Soc
Hiroshima Univ 48 : 7-16.

Numata M, Yamai H (1955) The development process of
weed communities:Experimental studies on early
stages of a secondary succession 1. Jpn J Ecol 4 : 166
-171.

Ogawa F (1980) Structure and function of population (In
Japanese). Asakurashoten. Japan.

Olson JS (1963) Energy storage and the balance of
producers and decomposers in ecological systems.
Ecology 14 : 322-331.

20074E12H

Oosting HJ (1942) An ecological analysis of the plant
communities of Piedmont, North Carolina. Amer
Midl Natur 28 : 1-126.

Osawa A, Allen RB (1993) Allometric theory explains
self-thinning relationships of mountain beech and
red pine. Ecology 74 : 1020-1032.

Peet RK, Christensen NL (1980) Succession: a
population process Vegetatio 43 : 131-140.

Saito H, Jyohke T, Takeoka M (1991) Biomass, dead
matter and litter fall in a 75-year-old Japanese red
pine forest (In Japanese). Bull Kyoto Pref Univ For
35: 41-47.

Schmidt W, Brubach M (1993) Plant distribution patterns
during early succession on an artificial protosoil. J
Veg Sci 4: 247-254.

Shugart HH (1984) A theory of forest dynamics. The
ecological implication of forest succession models.
278pp. Sprig-Verlag, New York.

Smith CC (1939) Biotic and physiographic succession of
abandoned eroded farmland. Ecol Monogr 10 : 422-
481.

Stoll P, Weiner J, Schmid B (1994) Growth variation in a
naturally established population of Pinus sylvestris.
Ecology 75 : 660-670.

Suyama Y, Nakamura T (1988) The population dynamics
of Pinus densiflora seedlings in artificial stands. ]
Jpn For Soc 70 : 510-517.

Tagawa H (1964) A study of the volcanic vegetation in
Sakurajima, South-west Japan 1. Dynamic of
vegetation. Mem Fac Sci Kyushu Univ Series E
(Biol) 3 : 65-288.

Takahashi H (1971) Studies on the growth of annual ring
of Sugi (Cryptomeria japonica) stands (V).
Correlation between the annual ring growth in
terms of diameter of some trees and the
meteorological factor. J Jpn For Soc 53 : 315-318.

Tanabe H, Nakano T, Miura M, Abe Y, Mariko S (2003)
Biomass and net primary production of a Pinus
densiflora forest established on a lava flow of Mt.
Fuji in central Japan. J For Res 8 : 247-252.

Toyohara G, Fujiwara M (1998) Succession of secondary
forest affected by pine wilt disease in western Japan
followed on vegetation maps. Appl Veg Sci 1: 259-
266.



December 2007 Bull. Bot. Soc. Nagano No.40 13

Tsuyuzaki S (1989) Analysis of revegetation dynamics
on the volcano Usu, Northern Japan, deforested by
1977-1978 eruption. Amer J Bot 76 : 1468-1477
Whittaker RJ, Bush MB, Richards K (1989) Plant

recolonization and vegetation succession on the
Krakatau Islands, Indonesia. Ecol Monogr 59 : 59~
123.



