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Summary

SUCCESSION OF PINE FORESTS IN THE KINKI DISTRICT
1. Establishing A Successive Index Axis and Positioning Stands on It

Norio Takenaka

In this paper a method by which to establish a successive index axis for pine forests and
position pine forest stands on the axis as Stand Indices is proposed. This method was tested
with pine forests in the Kinki district. Using the DCA method, the author first analyzed the
reported data of 696 stands of pine forest and laurel forest in the climatic zone of WI (Kira's
Warmth Index: 1949) 100 to 130°C+month, mainly in the southwest of Japan (Takenaka, 1983).
Four axes were obtained and the species indices on the first axis most highly corresponded to the
ordination of A to E species distribution types based on the species occurrence patterns through
3 forest types (Takenaka, 1983). The stand indices on the first axis also correlated to the
percentage occurrences of evergreen plants (excluding conifer). Therefore, the first axis obtained
by the DCA method may be said to indicate the successive direction of pine forest from shrubby
pine forest to laurel forest. As the data used for DCA calculation involved various types of pine
forest and laurel forest in Japan, almost all such forests in Japan would be positioned between the
minimum and maximum values of the stand indices on this first axis. Then, to permit a simple
reading of stand indices on a scale of 0-10, the species indices were proportionally allocated,
rescaled to limit the minimum value of stand index to 0 and the maximum to 10, and fixed as
they were.

The author then applied the fixed species index and weighted-average method to the
calculation of the stand indices of 282 stands separately sampled from pine forests and laurel
forests in the Kinki district. The stand indices obtained were 0.51 to 8.89, showing a high
correlation to the percentage occurrence of evergreen plants and to the percentage cover and
height of the tree layer. They were thus considered to be positional indices on the successive
index axis (0 to 10). Stand-index calculation by means of the fixed species index and the
weighted-average method was also applied to the study of Toyohara (1984), where Toyohara's
six vegetation units were positioned on the successive index axis, according to the ordination
presented by Toyohara.

The stand indices obtained by using the fixed species index and the weighted-average method
are positioned on the successive index axis for pine forests.
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Distribution type

LTEIN, A~E 74 < V{ERKD O BEBMRICE S S ERTbDEEZL LN 5,

Occurrence ratio —>

Shrub-stage Tree-stage Laurel forest -

Pinus densiflora forest Pinus densiflora forest

Fig. 1 Five species distribution types based on the species occur-
rence patterns through 3 forest types (Takenaka, 1983). A:
Shrub-stage Pinus densiflora forest type B: Shrub-to-tree-
stage Pinus densiflora forest type C: Tree - stage Pinus
densiflora forest type D: Tree-stage Pinus densiflora forest
—to-laurel forest type E: Laurel forest type.
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Fig. 2 Ordination and positioning of A to E species distribution types (species
indices) on the first axis obtained by the DCA method. Each type shows
the distribution range of the species included with a horizontal bold line,
and ‘the vertical bar across the line indicates the average point of their
species indices.
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Fig. 3 Correlation between the first axis obtained by the DCA method
and the percentage occurrences of evergreen plants (excluding
conifer).
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Table. 1

Species indices of 117 major species on the first axis obtained by the DCA
method and their rescaled values after proportional allocation for simple

reading of stand indices on a scale of 0— 10.

Species

Species index
On 1st axis Rescaled

of DCA value
/¥ S Aletris luteoviridis -129 -3.04
» e Wikstroemia sikokiana -113 ~2.67
FUNIAN 5 Rosa wichuraiana -104 -2.45
Ev e Juniperus rigida -96 -2.26
AR%® Miscanthus sinensis -67 -1.58
IV PVINE Lespedeza bicolor and f. acutifolia -63 -1.49
TN N Lespedeza cyrtobotrya -60 -1.42
IVON FIVE Abelia serrata -58 -1.37
V)% Rhamnus crenata -43 -1.01
FIYNE Vaccinium oldhamii ~-38 -0.90
EFVYY Rhododendron macrosepalum ~-14 -0.33
N IIIN WY Rhododendron reticulatum -11 -0.26
o5k Pteridium aquilinum var. latiusculum -3 -0.07
POV Vaccinium japonicum -2 -0.05
/% Vaccinium smallii var. glabrum 3 0.07
PRIFUZVD Solidago virga-aurea var. asiatica S5 0.12
SIMAZL Viola violacea 19 0.45
oy Castanea crenata 31 0.73
YUYy Rhododendron kaempferi 39 0.92
ars Quercus serrata 50 1.18
Y ATYER T Amelanchier asiatica 50 1.18
DIER X Ilex serrata 55 1.30
FHYY Pinus densiflora 57 1.34
YON xOVE Abelia spathulata 58 1.37
I PAY ® Fraxinus sieboldiana 62 1.46
Yanr Clethra barbinervis 71 1.67
SLYIN Magnolia salicifolia 72 1.70
ESAE S Lyonia ovalifolia var. elliptica 72 1.70
RES 4 Jlex crenata 74 1.75
vag Ilex pedunculosa 74 1.75
IPYH VA X Viburnum wrightii 74 1.75
IUFBVIIX 4 ITHE Symplocos coreana & S.chinensis var. leucocarpa 87 2.05
IHIYA Evodiopanax innovans f. pilosa 88 2.08
NRIARIVY 2 Maackia floribunda 88 2.08
NIYH Pourthiaea villosa var. laevis 94 2.22
SUHIF Acer crataegifolium 96 2.26
PR FFy Sorbus alnifolia 98 2.31
PN I¥E Quercus variabilis 114 2.69
YR % Pertya scandens 115 2.71
aN JHT TR R Viburnum erosum 128 3.02
95y 0/% Sorbus japonica 132 3.11
vy Dicranopteris pedate 132 3.11
20y Lindera umbellata 133 3.14
TNy Rhus trichocarpa 133 3.14
WPT S Acanthopanax sciadophylloides 148 3.49
bl Pieris japonica 150 3.54
YN ¥ Lindera glauca 153 3.61
BN S Smilax china 158 3.73
Y 93 Prunus jamasakura 171 4.03
FI 2y Disporum smilacinum 177 4.17
I3 % Styrax japonica 180 4.25
o3y 0 Gleichenia japonica 181 4.27
JeveUR Vaccinium bracteatum 183 4.32
PEY >4 Cymbidium goeringii 185 4.36
S22 Osmanthus heterophyllus 191 4.50
(S22 3 Eurya japonica 194 4.58
YN PHE Akebia trifoliata 194 4.58
YN Rhus sylvestris 195 4.60
¥Shy Quercus myrsinaefolia 210 4.95
B IR X Viburnum dilatatum 210 4.95
PYEE Myrica rubra 213 5.02
avaz Euonymus alatus f. ciliatodentatus 215 5.07
Y7 agy” Ardisia japonica 223 5.26
IHN Y eses Ophiopogon ohwii 234 5.52
PS5y Quercus glauca 236 5.57
vy Parthenocissus tricuspidata 238 5.61
YEX Illicium religiosum © 259 6.11
YIT Yy Pasania glabra 259 6.11
Foy0U % Elaeagnus pungens 260 6.13
Yh% Cleyera japonica 263 6.20
oSy an v Quercus salicina 271 6.39
PN Y Quercus acuta 276 6.51
LoYxyxT Callicarpa japonica 278 6.56
Y7OUN ¥ Camellia japonica 288 6.79
AX IR®F Ligustrum japonicum 293 6.91
25Ty Gardenia jasminoides f. grandiflora 297 7.00
NTAEF Photinia glabra 302 7.12
/% Castanopsis cuspidata and var. sieboldii 305 7.19
Yoy & Neolitsea sericea 316 7.45
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57 J% Persea thunbergii 323 7.62
EF /¥ Ilex integra 325 7.67
bersd Aucuba japonica 327 7.71
EeDEV] Ardisia crenata 330 7.78
20% Symplocos lucida 340 8.02
= Dryopteris erythrosora 341 8.04
X2z un Daphniphyllum teijsmannii 343 8.09
TFI/x Ilex chinensis 352 8.30
R Hedera rhombea 353 8.33
NOVIJ Dendropanax trifidus 357 8.42
S wley Ophiopogon japonicus 358 8.44
JaAFT Rubus buergeri 361 8.31
20N o« Symplocos prunifolia 362 8.54
FITESTAHDR S Trachelospermum asiaticum and var. intermedium 366 8.63
Y7 5 Liriope platyphylla 371 8.75
YT Zwho Cinnamomum japonicum 383 9.03
YRIDA S5 : Kadsura japonica 397 9.36
LV ES Elaeocarpus sylvestris var. ellipticus 402 9.48
DI I Actinodaphne lancifolia 410 9.67
YR o Prunus spinulosa 420 9.91
0N *EF Ilex rotunda 420 9.91
A DR S Ficus sarmentosa var. nipponica 430 10.14
IXY & Lemmaphyllum microphyllum ’ 439 10.35
Lo -a Ficus erecta 460 10.85
zVay Chloranthus glaber 462 10.90
aN VEF Elaeocarpus japonicus 464 10.94
FAIVIFN T Myrsine seguinii 465 10.97
(37% Podocarpus macrophyllus 469 11.06
IIXNA Symplocos glauca 480 11.32
AFN v Quercus gilva 492 11.60
PAEY V2 Damnacanthus major 493 11.67
FUN Ay Damnacanthus indicus 499 11.77
X TYU3Y Maesa japonica 509 12.00
NFzaoy Alpinia japonica 530 12.50
e o Meliosma rigida 537 12.67
RYN pFOSE” Arachniodes aristata 543 12.81
(X% Distylium racemosum 545 12.85
Ev eSS Michelia compressa 552 13.02
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FABR S v FEEBEM B ER D %A, Curtis & Mclntosh (1951), Brown &
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2 VK s BERKROFTR ¥ v FOBBHLEBEMNFE LTR Y v K Index 2K 5 HE%IRR
L, TOHETIEDCAKEICL » TRD S5 1 D696 D X ¥ ~ F Index H/RS
BU/ME (0) EBAME (424) ORIEAST A< Y HROBRICBET 3EARXDRr — V&Y, 20
B U R4 — b EIc696RIRDIA D 7 51 = K « IRIERMKDAIBR T % R # ¥ F Index & LTk
HBEIEBTE S,

4[Ef& Index % DCA Hic & » TRD 2 dIcHV S - BENE, BAROBESELEL ST
) AMOMBHIRIFO AL T2 BB L TEONERTH D, BRE 696/
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ROTH, TOHFHRF Y FDORF v F Index 169684k >\ T DCA Bk » TR St
BhefE—dh bicfiEfT o3 &icii B, COMEEEETR S ¥ F Index 23K 5 HiEZ
Curtis & McIntosh (1951) DE&HATEEL (Continuum index) %3K¥» B3HKIPUTEH D,
MEBELEEECTHV SN Index I HEOBEEIEE (Climax adaptation number) 12,
ER% v FORF v F Index i3:ERAEIEE (Contiuum index) IZfIM T 3, L L, HEOHK
HERROBEIIEORT|ZRLI2icT €9, 4E DCA BEZHWTRD 57/ Index 1T~
THIERILIZZ L W,

—7%, % Index #FEE(T 512240, DCA FETRD 76968 D 2 4 ~ F Index DfEIF 0~
124D H D, BEDR S ¥ KOl ETOMBEHSEEIIEELICC V), 20T, 696K
Z % v F Index Dff 0~424% 0~10D[ICAIB T SN B & S, TIndex DEAHZ %I,
PIESHICITEY, ChEEEMNML, MEEEEICL>TR Y v Findex 2RDB T EITL
oo TNOMEOHE Index IZ2 W T Table 1 IT/RL TV 3,

18, Mk (6968H) hoWBIET, AELEAOTRSEES NI Y FE /Y
INE, FANHRSGEF av VY FANNZXS, AVA4ERFIAL, §vFHTT75EEY
778 FEehnEh, RA—EELLTHROE -7, /o, AFRTHV SNAEFREYOFZ
K (1983) iz, v SHEYIOEL 3t (1982) 1h - 7o

WA D7 Hh 7 UM - BESMADICH

FEUEE L& 0o FE Index 2RV TIEEEEKIC K D X4 ~ F Index 23R 3 Hk%, #
fom S AT HEE L7 A v v bk « BERKITISH L, 20HE0BAMIC> W TH
Tk %,

1. BEMOHRLB/EAX
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(Fig. 4), MHEFEE I 7o v « 7o v ik (Braun-Blanquet : 1964) o & - THriibh, H1l
A7 A=y PBET ST A YRRUE | BEERLEMIB LT 2 BERMRSHRESH
foo BB, UHRTHENRESWT A< Y ROE I35 #E G0~408) KT, 7h<wv
s & BERHRANOBITEREICH 1.3 LBONE LI B RS v FEREBRIc DS b - t, 2
TIDLIRRy v iRy, EER, WOERV=ZFETOHFEGEH20Z S v FENZ, &
iT2822 4 v F DT A= VK « BEERM TR £1TE - 7o, AENFHOTUER, JETEIRIE
RERIHEIE (TRTF 1972) b b SEEHORH OBRAF £ LERFOD s >
SWTBHEHEEE (—0.6°C/100m) 2775\, BRI >\ T R EFOBAT O EE £ HE
HOERKBEABT I LITLDRD I, LIEOHER, chonxd v Fid WITHI38~
132.5°C » month, FEREKEH1400~2050mm OHEFHICH D, — WO Xy v FEREL 13 WI
: 100~130°C + month D&EFHICHLI L TY 72, ﬁ%ﬂﬁ*@béﬁﬁiﬂ;@f&@idﬂﬂﬁé@%ﬂwg
ANERRIC & BIEEHE, AFE=LohERATRICET 2R, FERICE LS,
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' Fig. 4 Map showing the area studied in the Kinki district. Out of the 282
stands studied, 256 stands were in the shaded ‘regions, mainly in
Hyogo Prefecture, and 26 stands were separately investigated in
Yamaguchi, Hiroshima and Mie Prefectures.
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IEH G A2 RICHEBEE N/ 282 29 Y FO R ¥~ FIndex 1d, 6962 ¥ ¥ F O T EHERE
TH 5 ELRNTEOREE(LS h/cfE Index (RD) &, HABEEIC X - TE S N HE L HEERIC
BE L, Table2 IT/RT &Y 25%HBT 4 BB ICBHEAFHT £1778 - 728 (ad) 2BV,
KRR & > TR B0,
2% v K Index= (Zai*Ri) /Zai e @

Table. 2 Conversion of cover degrees derived by the Braun-Blanquet method
into percentage covers

Cover degree Percentage cover Weighting class(ai)
r, +, 1, 2 - 25% 1
3 25 - 50% 2
4 50 - 758% 3
75 - 100% 4
400l
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“
° 300}
n
%
[
o
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— 200}
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b
3
£ 1loof
o ,
& . r=0.994236
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0 1 — + —+— —+—
0 2.5 5.0 7.5 10.0

Stand index by the weighted-average method

Fig. 5 Correlation between the stand indices of 282 stands obtained by
use of the fixed species index and the weighted-average method,
and the stand indices of the same stands on the first axis newly
obtained by use of the DCA method and 122 species of 282 stands.

EEEORK UnEEEE) TRkv o2y v Findex i & aﬁﬁﬁmcomﬂﬁéﬁa‘ Vs
i, Fricic2822 4 v FTH%L EOHBRAIRT122BEHWT, DCAEICLD2822Y v F
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Fig. 6 Correlation between the stand indices of 282 stands obtained by
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use of the fixed species index and the weighted-average
method, and the percentage occurrences of evergreen plants
(excluding conifer).
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Stand index by the weighted-average method
Fig. 7 Correlation between the stand indices of 282 stands obtained by

use of the fixed species index and the weighted-average
method, and the percentage cover of the 1st and 2nd tree layers.
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Fig. 8 Correlation between the stand indices of 282 stands obtained by
use of the fixed species index and the weighted-average
method, and the height of the tree layer.

Y FDRY VK Index DEI30.51~8.89TH 7o TNOHDRAY ¥ KIZTRTT A< VKD
EBHNANENTZRT EBONEEED R 7 — v 0~10DFHICH - 72,

W-T, Bontz24 v Findex 37 H < VYHROBBHMNBMIERLTVWEEEILND
DT, EREIWHIGHERICH B LHES NI EREY GHEMERO BEE, SRBEEE
%}*E@ﬁ%& Z % v F Index & DBRIC DWW TR Lz, TOEER, X% v F Index &HER
REMHER R & DBERIZ D W\ T I3 ABBERER0.856 (Fig. 6), 2% v F Index & EARBREMKERIZ>
WTIRHMERIRER0.691 (Fig. 7), X% ¥ F Index &EARBOEEIC> W\ T IRIEENR THER
£0.670 (Fig. 8) £ WFNbEVHEAETR L, PLEORERN 528224 ¥ KO 24 ~ I Index
B7h <y ROBBARTII L TOMBMTERLTVWEEEIONS, £/, EEbxhi
& Index ZHOVTMEEEEC LD 77 vy KR UBERMKO X & v F Index 23R 55k
&, THTUHROEBERY LEON A (LI "EBNTERE LIRS b7 h v vk
VBRI A BT 5 5iEE L TR TEMTH 5 L EL 5N 5,

EBRNEER I TOROSH
AFEICHV SRR (1983) O 7 A< vk« BEBMMKEEERBEO AR ONH T,
T A VAR T A< FAR « BIEMMD 3 5 1 TOMMTOBEOHB 5 — /257
72 b - FREER S ERRIES T 4~ v (BAAAD & BEMMARICE S 5 7 1 7ic
SESNFILEniic T &S, BRERTEH L TOMBMNIMPRINTVEN, T I TI3696
R % v K OB EEBNEER L TEEMICR ¥~ FIndex & LTRD 5 &AHFRIC
BofedDT, Thevtk  BEMKTIEBREOM % L VElIcC o bickp B EdT
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Table. 3 Absolute distribution (constancy : I, I, I, IV, V grades by 20%) and relative
distribution. (main distribution range demarcated by a 40% boundary line of the
‘max. percentage occurrence) of 117 major species through 1 — 10 successive

stages.

Species

Successive stage

12383678 3510
FINAN 5 Rosa wichuraiana _Iﬂ I 1 I 1
Vi 2 Aletris luteoviridis miIiyr r o
ot Fikstroemia sikokiana IILig 1 1 - 1
[y Juniperus rigida v wiyr i»rIr -
2% Miscanthus sinensis VIVIIL I I I
I Yow Lespedeza bicolor and f. acutifolia ImmoIiyr 1 r - -
©HY Rhododendron macrosepalum Irir mmyjr 1 1 1 1
TN Lespedeza cyrtobotrya ! 1. Iryr - 1r - -
TYIN PYE Abelia serrata I I I Iyp- -
)% Rhamnus crenata I IirIm I1fr -
e Vaccinium oldhamii I Iv.Irir|1r r it
NI Rhododendron reticulatum Iv IV I HHII I I 1
TR Solidago virga-aurea var. asiatica ImmwimiImIyr r -
2% Vaccinium smallii var. glabrum S O A A I O §
MIEN F Ilex serrata I.1. 1.1 1T 1
WN TR Fraxinus sieboldiana Il ariry:r r 1 -
Ya97 Cletlira barbinervis I IL IIDIIIE I 1 I
97t Pteridium aquilinum var. latiusculum ID LI Ir myr 1o«
45 Quercus serrata IV oIV, V OV OIIID 11
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Fig. 9 Relative distribution of Smilax china after quanti-
tative weighting and its main distribution range.
Each bar shows the percentage occurrence and the
main distribution range is demarcated by a 40%
boundary line of the max. percentage occurrence.
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Fig.10 Positioning of Toyohara's (1) to (6) vegetation units as stand indices
on the successive index axis by use of the fixed species index and
the weighted-average method. (1) I. Querco glaucae — Pinetum
densiflorae : A. Dicranopteridetosum linearis ; 1. Typical variant, a.
Typical subvariant (I —A—1—a) (2)I —A—1, b. Symplocos lucida
subvariant (I —A—1-=b) (3) I —A, 2. Ardisia japonica variant, a.
Typical subvariant (I —A—2—a) (4) I —a—2, b. Ardisia crenata
subvariant (I — A —2 —b) (5) II. Castanopsis cuspidata — Pasania
glabra community ; A. Pinus densiflora group (I — A) (6) I, B.
Typical group (Il —B).
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