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Differentiation and Maintenance of Vegetation Patter ns along the Topographical
Gradientsin Mid-subtropical Hilly and L ower MountainousAreain East China
Abstract

The spatial differences in vegetation structure are related to particular
configuration of landforms nearly. The landforms could influence vegetation directly
though geomorphic process, such as slope failure, transportation sedimentation and
erosion etc., on the other hand, they could create a gradient of light, water and nutrient
available etc. though their relief and then influence vegetation indirectly. So
landforms are assumed to be one of the most principle and decisive factors affecting
the vegetation pattern within a climatic region. The humid hilly regions are the habitat
complex containing various disturbance frequency eroded by water and they are a
reasonable research unit for the study on the relationship between vegetation and
topography.

The mid-subtropical area is one of the key areas of biodiversity in China In its
eastern part, hills and lower mountains are the main geomorphic type. It’s the area
nearly related to human life, so it’s also the area most affected by human activities.
The vegetation developed there often show high diversity and complexity under the
combined gradients of human disturbances and habitats. So we selected Tiantong
National Park, a representative hilly and lower mountainous land area with
well-protected vegetation in East Zhegjiang, to study the form and maintenance of rich
community types and species from the viewpoint of relations between vegetation and
landforms.

The multi-leveled classification of landform units established in temperate region
in Japan was introduced and used as the survey of vegetation and the corresponding
environmental factors, such as the physical and chemical characters of sail, the light
and temperature within the stand etc. Then differentiation and maintenance of
community patterns along the topographical gradients were analyzed based on the

field survey data from different scales. Main results include:

1) Seven micro-landform units were recognized in Tiantong National Park, namely
CS(Crest dlope), US(Upper sideslope), HH(Head hollow), LS(Lower sideslope),
FS(Foot dlope), FT(Flood terrace) and RB(River bed). There was a clear border
line(Erosion line) dividing the seven micro-landform units into two parts, UHA (Upper
hillslope area, CS, US, HH) and LHA(Lower hillslope area, LS, FS, FT, RB). These
two detailed landform units then formed an intermediate-scale section, hilly and lower



mountainous land area.

2) Thewater content of soil increased from CS to HH in the UHA, and decreased to
FT in the LHA, and the soil nutrient conditionsin UHA, especially CS and US, were
better than those in LHA. The light quantum within the stands in LHA is lower than
that in UHA except for RB, and the temperature hadn’t obvious difference among four

plots aong atransect with arelative elevational difference of 140m.

3) The seven micro-landform units were divided into two parts based on the similarity
of species composition, namely UHA and LHA, and that was coincident with the
result divided by erosion line. And three species group were obtained based on the
distribution patterns among the UHA and LHA. Group A mostly or strictly confined to
UHA, group B confined to LHA and group C associated statistically with neither part.
Evergreen species of Fagaceae, Theaceae, Symplocaceae and Aquifoliaceae were the
main components of the vegetation developed in UHA, however, deciduous species of
Juglandaceae, Ulmaceae, Anacardiaceae and evergreen species of Lauraceae were the
main components of vegetation developed in LHA. The diversity among the
micro-landform units in UHA was higher than that in LHA, especially species
richness and Shannon-Wiener index. And these two indexes of ground vegetation
were higher than that of woody layer among the seven micro-landform units.

4) Though the densities were higher, the vertical structure of the forest stands on the
micro-landform units in UHA was more complex than that in LHA. The existence of
emergent layer and individuals composed by species of Juglandaceae, Ulmaceae and
Anacardiaceae was the remarkable feature of the forest standsin LHA.

5) Fourteen community types were obtained by TWINSPAN and cluster classification
and DCA ordination of 72 quadrats. Four were distributed in UHA, nine in LHA and
one as a transitional type and the number of types was larger in LHA than in UHA.
The four types in UHA could be divided into two superior types according to their
distribution range, that is, one was in lower part of the mountain and the other was in
the upper. However, the typesin LHA were more complex.

6) The dominants species of the communities in UHA and LHA had different



regeneration strategies. The dominant species in UHA, mostly species of Fagaceae,
were slow-growing and shade-tolerant, could regenerate through seedling bank and
sprouting bank. On the other hand, the pioneer or seral elements, Schima superba and
Carpinus viminea could regenerate though gap formation disturbance, and they both
regenerated well at current stage. On the contrary, the deciduous dominant species in
LHA, regenerated sporadically. But most of them had long life span, and their seeds
were dispersed by wind or birds and then had high opportunities to move to newly
disturbed sites. Machilus leptophylla, the most dominant evergreen speciesin LHA,
could regenerate continuously almost in every community in LHA and Lithocarpus
harlandii and Cyclobalanopsis nubium, the dominants species in UHA, could
regenerate continuously on stands with relative deeper soil in LHA. Machilus
leptophylla and Lithocar pus harlandii both had excellent ability of sprouting.

7) Within a community developed on meso-habitat, the distribution of main canopy
species were separated too. The distribution patterns of Castanopsis carlesii and
Schima superba showed they had good adaption in the whole section; however,
Castanopsis fargesii was distributed in limited habitat. The spatial associations also
indicated that Castanopsis carlesii and Schima superba had a relatively strong
positive association, but they showed strong negative associations with Castanopsis
fargesii inascale < 100m?.

Key words: Tiantong National Forest Park; Hilly and lower mountainous areas;
Micro-landform units; Scale; Vegetation pattern; Disturbance; Regeneration;
Maintenance
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Tablel-1 The landform classification systems and their comparisons

Tamura 1996
Kikuchi &
Ti?éga Tamura 1974a | Tamura 1987 Miura(1991) Micro-scale | Subdetailed-scale | Detailed-scale Tﬂaﬁjﬂiﬁggg
geomorphologic geomorphologic | geomorphologic
units units units
(CF) (CH
(€S (€S
(C9 (C9 (9 (C9 CS)
(USS) (SA)
(89 (USS) (USS) (USS)
(VH) (USS) (UCSS)
(89
(HMW) (VHS) UHA
(HMW) (HMW)
(UHA) (HMW)
(VH)
(HH) (HH) (HH) (HH) "
(HHP) (HH)
(HHF) (HHF)
(HF)
(LSS)
LS9 (LHA) LHA
(LSS) (SBW) (LSS) (LSS)
(YSH) (LCSS)




(FS) (FS) (FS)
(VF) \
(M FS (FT
®) (BL) (RB)
Valley floor
(CW) (CW) (CW)

* Kikuchi 2001 Modified from Kikuchi 2001.

CS: crest dope; SS: side slope; HMW: headmost wall; HF: head floor; HH: head hollow; VF: valley floor; CW: channel way; CF: crest flat (or HGS: hilltop gentle
dope); USS: upper side slope (or US: upper sideslope); LSS: lower side slope(or LS: lower sideslope); Y SF: young slope failure; FS: foot slope; BL: bottomland;
UCSS: upper concave side slope; VHS: valley head slope; LCSS: lower concave side slope; UHA: upper hillslope area; LHA: lower hilldlope area; RB: river bed

0

*

() Detailed unitsif necessary
*  Slightly terraced
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Horton 1945 Strahler 1952
1957
Kikuchi & Miura 1993  Kikuchi 2001
Nagamatsu & Miura 1997

Kikuchi 1991 Abiesfirma
(Sendai)
Abies firma
Idesia polycarya
Segnogramma pozi, Carex dolichostachy var. glaberrima, Elatostema umbellatum var.
majus Miura 1978
Cymbidium goeringii Solidago
vir-aurea var. asiatica Carex lasiolepis
Segnogramma pozoi subsp. mollissma  Salvia nipponica  Spuriopimpinella
calycina Chamaele decumbens Ainsliaea acerifolia var. subapoda Phryma
leptostachya var. asiatica Nagamatsu 1997
(Takadate Hills Miyagi Prefecture)

Pinusdensiflora Quercusserrata Acer japonicum Sapium japonicum
Ilex macropoda Sasamorpha borealis Aucuba japonica Lindera
umbellate var. membranacea Rhododendron semibarbatum R. obtusum var.
kaempferi Ardisia japonica Disporum smilacinum
Segnogramma pozi  Pertyatriloba Tripterospermum japonicum
Idesia polycarya Meliosma myriantha Carpinus tschonoskii
Fagusjaponica Acer nikoense Sasamorpha borealis Aucuba
japonica Callicarpa japonica Helwingiajaponica Rubus palmatus var. coptophyllus
Segnogramma pozi  Oplismenus undulatifolius  Clematis
tosaensis Cacalia farfaraefolia var. bulbifera Elatosterma umbellatum

Haraetal. 1996 Amami Ohshima ldand
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Castanopsis siebodii ssp. lutcbuensis  Schima wallichii
6 1 C.
siebodii ssp. lutcbuensis Ardisia sieboldii  Diospyros
morrisana Myrsine seguinii  Camellia sasanqua Distylium racemosum
Haraetal. 1996b
Okinawa Island

Castanopsis siebodii ssp. Lutcbuensis  Distylium racemosum
Turpinia
ternata Sakai  Ohsawa 1994 Chichibu
Mountain  Kiyosumi
Speciesgroups  Callicarpa japonica, Euptelea polyandra, Sachyurus praecox,
Hydrangea involucrate, Acer palmatum, Neolitsea sericea, Cephalotaxus
harringtonia, Callicarpa mollis, Aucuba japonica Early-succession
Sapium japonicum, Abies firma, Actinodaphne lancifolia, Quercus
glauca, Camellia japonica, Cinnamomum japonica, Castanopsis cuspidate var.
siebolidii, Maesa japonica, Tsuga sieboldii, Cleyera japonica, llex integra,
Dendropanax trifidus, Illicium anisatum, Quercus salicina, Quercus acuta, Eurya

japonica (Late-succession) Sapium
japonicum
Climax member 2
2.2
Kikuchi 1990 Quercus serrata

Q. serrata 1 2

3 Pinus densiflora
Kikuchi 1991

Abiesfirma
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Antos & Roberta 2002
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Ohtukaet al. 1993 Ozaki

& Ohsawa 1995 Haraeta. 1996a Takyu & Ohsawa 1997 Tang & Ohsawa
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Tree-by-tree
Enoki 2003
Scattered distribution
Haraet al. 1996a Yoshida& Ohsawa
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Persistenceniche  Bond & Midgley 2001 Euptelea polyandra,
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Kikuchi 1989 Sakai & Ohsawa 1993 Haraetal. 1996a

Hunter & Parker 1993 Dead
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Kikuchi 2001
Nagamatsu & Miura 1997

Timan 1988 Tateno & Takeda 2003

1
11
Ohsawa 1984
d =]JN{Z(Xi %)%+ fo}
ieT jeu
Xi Top species, T (RD)
RBA, %
RVEV Reative volume equivalent-value, % X

(Dominant species) Ideal percentage share

X; Remaining species (U N
100%
50% 33.3%
(Kitazawa & Ohsawa, 2002)
RvEV = 1XG
D H;xC,
i=1
H, [ m C [ RBA RVEV
1.2
(Legendre & Legendre 2000; 2004)
-S
Gleason D= An A
Shannon-Wiener H=->PRlog,P
i=1
Pielou E=H

log, S
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2

Simpson D=1->» P
=1

A Pi [ S
13 Potential tree height
Expanded allometry equation Ogawa & Kita, 1977
DBH-H
" :%axDBH)+}{—|*
H m a DBH Diameter at the breast height cm
H m H> 1.5m

PC-ORD Version 4.01
Statistica Version 6.0

2
2.1
7 CS us HH
LS FS FT RB 2
3 1 1 Cs1 5
US1~-US5 2 5 CS6~CS11 7
US11~US-17 1 LS9 72
18605m? CSl11 Usi17 HH4 LS9 FS11 FT15
RB5 3-1
31
Table 3-1 Parameters of the stands in the study
° m m
Steepness ° Elevation m Plot area
N Ave. Max. Min. Ave. Max . Min.  Ave. Max . Min.
CS 11 29.2 41.0 15.0 495.7 560.0 370.0 172.7 400.0 100.0
us 17 31.0 39.0 20.0 367.2 517.0 174.0 400.0 400.0 400.0
HH 4 26.3 30.0 20.0 490.0 555.0 435.0 218.8 300.0 150.0
LS 9 351 45.0 25.0 350.7 432.0 300.0 366.7 625.0 150.0
FS 11 16.0 25.0 10.0 357.8 480.0 275.0 296.6 600.0 150.0
FT 15 109 20.0 4.0 313.1 410.0 188.0 131.7 300.0 30.0
RB 5 120 25.0 5.0 350.2 413.0 310.0 98.0 200.0 50.0
Total 72 18605

20
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2 4 PL 4
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72 201 68 133 38
75 120 63 119 176 Lauraceae
Fagaceae Theaceae 3 7
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6 Dryopteridaceae 6 Urticaceae 5
Liliaceee 5 Myrsinaceae 5
68 37 54.4% 29
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3-6.

Cs us HH LS FS
FT RB
Fig3-6. Dendrograms obtained by cluster analyses using the values of a similarity index.
a. Woody layer  b. Ground vegetation.

The distance measure is Sgrensen (Bray-Curtis). Each dendrograms indicates similarity of
species composition among the seven micro-landform units. (CS), Crest slope; (US), Upper
sideslope; (HH), Head hollow; (LS), Lower sideslope; (FS), Foot dope; (FT), Flood terrace;
(RB), River bed.

2322
120 28 23
69 575 Unique
species 24 1 Castanopsis sclerophylla
Camellia oleifera Castanea seguinii Cyclobalanopsis gilva
llex purpurea us Magnolia amoena
|_—|'
31
120 56
p<0.05 24
p<0.05 3
p<0.05
A p<0.05 B
C A B
Cunninghamia lanceolata A
Cephlotaxus fortunel B Castanopsis
carlesii C. fargesii Lithocarpus glaber L. harlandii
Cyclobalanopsis nubium C. stewardiana C. glauca
C. myrsinaefolia Schima superba Machilus
thunbergii Cinnamomum camphora Ilex rotunda
var. nucricaroa |. buergeri A
Litsea elongata M. leptophylla Phoebe sheareri
C. subavenium M. pauhoi l. latifolia
B Symplocos anomala
S sumuntia S setchuensis S heishanensis
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S lancifolia S stellaris Cleyera japonica
Eurya nitida Ternstroemia gymnanthera
Hamamelidaceae Distylium myricoides
Neolitsea aurata var. chekiangensis Prunus phaeosticta
Photinia glabra A E. loquaiana
S laurina Celastraceae Euonymus
oblongifolius Magnoliaceae [1licium lanceolatum
B Eurya rubiginosa var.
attenuata E. muricata Ericaceae Vaccinium
mandarinorum V. sbracteatum Rhododendron oratum
Rhaphiolepis indica Daphniphyllaceae
Daphniphyllum macropodum Myrtaceae Syzygium
buxifolium A Camellia sinensis B
Betulaceae Carpinus viminea
Styracaceae Alniphyllum fortunel Oleaceae
Fraxinus insularis Dalbergia hupeana A
Ulmaceae Celtis vandervoetiana Ulmus changii
Aphananthe aspera Acearaceae Acer olivaceum
A. acutum var. tientungense Juglandaceae
Jugans cathayensis var. formosana Cyclocarya paliurus
Anacardiaceae Choerospondias axilisris B
Styrax confusus Clerodendrum cyrtophyllum
Euscaphis japonica Litsea cubeba A
Platycarya strobilacea B Caprifoliaceae
Viburnum dilatatum Rhododendron simsii
Verbenaceae Premna microphylla A
Lindera glauca B
A
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3-2

Table 3-2 Binomial test for the distribution of trees of the woody layer between the

upper hillslope area (UHA) and lower hillslope area (LHA)

Relative no. trees

(%)

Species Life Species UHA LHA Total no.  Binomial
group form trees test

A ECT Cunninghamia lanceolata 100.0 0.0 8 *x
A EBT Castanopsis carlesii 97.3 2.7 479 *x
A EBT Lithocarpus harlandii 69.4 30.6 327 *x
A EBT Schima superba 97.8 2.2 315 *x
A EBT Machilus thunbergii 571 42.9 308 *

A EBT Cyclobalanopsis nubium 704 29.6 304 o
A EBT Castanopsis fargesii 97.3 27 110 o
A EBT Cyclobalanopsis myrsinaefolia 75.6 244 86 *x
A EBT Lithocarpus glaber 90.8 9.2 76 *x
A EBT C. glauca 833 16.7 72 *x
A EBT Myrica rubra 98.3 17 58 o
A EBT C. stewardiana 755 245 53 i
A EBT llex buergeri 87.2 12.8 47 *x
A EBT I. rotunda var. nucricaroa 75.0 250 28 >
A EBT Cinnamomum camphora 92.3 7.7 26 ol
A EBT Castanopsis sclerophylla 100.0 0.0 17 *x
A EBT Prunus spinulosa 93.3 6.7 15 *x
A EBT Elaeocarpus japonicus 81.8 18.2 11 *

A EBT I. kengii 875 125 8 *

A EBST Symplocos anomala 98.6 14 493 *x
A EBST S sumuntia 853 14.7 279 *x
A EBST S. setchuensis 95.5 4.5 268 *x
A EBST Cleyera japonica 72.0 28.0 211 *x
A EBST S heishanensis 100.0 0.0 96 *x
A EBST Photinia glabra 100.0 0.0 76 *x
A EBST Prunus phaeosticta 68.6 314 70 *x
A EBST Eurya nitida 98.2 18 56 *x
A EBST Ternstroemia gymnanthera 100.0 0.0 48 *x
A EBST S lancifolia 74.1 259 27 *

A EBST Syzygium buxifolium 100.0 0.0 21 *x
A EBST Neolitsea aurata var. 9.2 08 196 o

chekiangensis
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EBST
EBST
EBST
EBST
EBS
EBS
EBS
EBS
EBS
EBS
EBS
DBT
DBT
DBT
DBT
DBT
DBT
DBST
DBST
DBST
DBST
DBST
DBS
DBS
DBS

ECT
EBT
EBT
EBT
EBT
EBT
EBT
EBST
EBST
EBST
EBST
EBS
EBS
EBS
DBT
DBT

Distylium myricoides

Rhaphiolepisindica

Vaccinium mandarinorum

Daphniphyllum macropodum

Camellia fraterna

Eurya rubiginosa var. attenuata

E. muricata
Symplocos stellaris
Rhododendron oratum

C. oleifera
V. sbracteatum
Carpinus viminea
Alniphyllum fortunei
Fraxinusinsularis
Dalbergia hupeana

Prunus tomentosa

Diospyros kaki var. sylvestris

Clerodendrum cyrtophyllum
Styrax confusus
Euscaphis japonica
Litsea cubeba
Castanea seguinii
Viburnum dilatatum
Rhododendron simsii

Premna microphylla

Cephlotaxus fortunei

Litsea elongata

Machilus leptophylla
Phoebe sheareri

Cinnamomum subavenium

I. latifolia
M. pauhoi
Eurya nitida

Symplocos laurina

Euonymus oblongifolius

Illicium lanceolatum
Camellia sinensis
Ligustrum quihoui
Tricalysia dubia
Acer olivaceum

Choerospondias axilisris
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89.4
100.0
100.0
100.0

551

97.0

86.9

97.8

97.2

98.2

95.2

84.9

75.9

90.5

88.9
100.0
100.0
100.0

71.0
100.0

90.0
100.0

97.8
100.0

875

0.0
8.8
0.8
0.0
271
29.6
0.0
274
19.0
9.1
0.0
0.0
0.0
0.0
35.6
159

10.6
0.0
0.0
0.0

449
30

131
2.2
28
18
4.8

151

241
95
111
0.0
0.0
0.0

29.0
0.0

100
0.0
2.2
0.0

125

100.0
91.2
99.2

100.0
729
704

100.0
72.6
81.0
90.9

100.0

100.0

100.0

100.0
64.4
841

348
27
22
21

1679

735

213

180

180
56
21
93
87
74

17
69
11
10
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11
1239
499
113
107
27

164
58
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B DBT Celtis vandervoetiana 0.0 100.0 43 *x
B DBT Ulmus changii 0.0 100.0 35 *x
B DBT Cyclocarya paliurus 0.0 100.0 31 o
B DBT Aphananthe aspera 0.0 100.0 23 o
B DBT A. acutumvar. tientungense 0.0 100.0 17 *x
B DBT Jugans cathayensis var. 0.0 1000 9 o
formosana
B DBST Platycarya strobilacea 211 78.9 19 *x
B DBS Lindera glauca 45.3 54.7 66 NS
C EBT Osmanthus cooperi 50.0 50.0 44 NS
C EBT Cyclobalanopsis gracilis 51.2 48.8 43 NS
C EBT C. gilva 100.0 0.0 4 NS
C EBT Elaeocarpus decipiens 333 66.7 3 NS
C EBST Lindera coreana 455 54.5 55 NS
C EBST Loropetalum chinense 64.0 36.0 25 NS
C EBS Camellia japonica 333 66.7 12 NS
C EBS Elaeagnus glabra 50.0 50.0 12 NS
C DBT Liquidambar formosana 381 61.9 21 NS
C DBT Vernicia fordii 474 52.6 19 NS
C DBT Cornus cortroversa 417 58.3 12 NS
C DBT Sassafras tzumu 66.7 333 12 NS
C DBT Toxicodendron succedaneum 63.6 364 11 NS
C DBT C. kousa 28.6 714 7 NS
C DBT Alangium chinense 714 28.6 7 NS
C DBT Quercus fabri 85.7 14.3 7 NS
C DBT Diospyros lotus 60.0 40.0 5 NS
C DBST Schoepfia jasminodora 100.0 0.0 4 NS
C DBS Photinia parvifolia 83.3 16.7 6 NS
All species 62.7 373 12160 *x

Area 9575 9030

% 515 485

ECT EBT EBST, EBS

DBT DBST DBS
** 1% * 5% NS C 4

ECT, Evergreen conifer tree; EBT, Evergreen broad-leaved tree; EBST, Evergreen broad-leaved
sub-tree; EBS, Evergreen broad-leaved shrub; DBT, Deciduous broad-leaved tree; DBST,
Deciduous broad-leaved sub-tree; DBS, Deciduous broad-leaved shrub.
**  Significant difference at the 1% level *  Significant difference at the 5% level NS No
significant difference. For species belongs to group C only whose total number of individuals was
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larger four were represented. For each speciesgroup  refer to text

176 38 42
96 54.5% Unique
species 44 1 Dicranopteris pedata
Dalbergia millettii Loropetalum chinense
Sassafras tzumu us Euonymus fortunei
Pittosporumillicioides Dalbergia hancei
FS Pteris multifida Sphenomeris chinensis
|_—|'
3-2
176
56 p<0.05 27
p<0.05 p<0.05
A p<0.05 B
C 4
A
A B C
A B
A B
A B
A B
Oreocnide frutescens B Sauntonia
leucantha Smilax china Smilax glabra Clematis
henryi Akebia trifoliata A
Trachel ospermum jasminoides Ficus sarmentosa Cayratia
japonica Hedera lepalensisvar. sinensis B
Woodwardia japonica Dryopteris paraerythrosora
Diplopterygium glaucum Dryopteris bissetiana Osmunda
japonica Cyclosorus proximus A Cyrtomium
balansae D. erythrosora Arachniodes
tiendongensis Lepisorus contortus Neol epi sorus ovatus
Coniogramme japonica B Lophatherum
gracile Carex brevicuspis A Liriope spicata
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japonica

Elatostema stewardii

tenacissima

A

Arisaema heterophyllum
Achyranthes bidebtata

3-3

C. brunnea

B

HH

Alpinia

Boehmeria nivea var.

Table 3-3 Binomial test for the distribution of trees of the ground vegetation between
the upper hillslope area (UHA) and lower hillslope area (LHA)

Relative no.
presence
Speciesgroup Life form Species (6 Totalno. o
presence Binomial test
UHA LHA
A ECT Cunninghamia lanceol ata 100.0 0.0 6 *x
A EBT Machilus thunbergii 59.3 40.7 54 *
A EBT Cyclobalanopsis nubium 65.9 34.1 41 *x
A EBT Castanopsis fargesii 722 278 36 *x
A EBT C. carlesii 778 222 36 *x
A EBT Schima superba 848 15.2 33 *x
A EBT llex buergeri 774 226 31 *x
A EBT Cyclobalanopsis stewardiana 824 17.6 17 *x
A EBT Osmanthus cooperi 824 176 17 *x
A EBT C. glauca 68.8 31.3 16 *
A EBT Myrica rubra 933 6.7 15 *x
A EBT I. rotunda var. nucricaroa 818 182 11 *
A EBT Castanopsis sclerophylla 889 111 9 *x
A EBT Cinnamomum camphora 100.0 0.0 3 *
A EBST Symplocos sumuntia 721 279 43 *x
A EBST Neolitsea aurata var. chekiangensis 76.5 23.5 34 *x
A EBST Cleyera japonica 76.7 233 30 *x
A EBST S setchuensis 91.3 87 23 *x
A EBST Ternstroemia gymnanthera 100.0 0.0 20 *x
A EBST Photinia glabra 100.0 0.0 18 *x
A EBST Distylium myricoides 76,5 235 17 *x
A EBST S anomala 100.0 0.0 16 *x
A EBST Syzygium buxifolium 933 6.7 15 *x
A EBST Prunus phaeosticta 91.7 83 12 *x
A EBST Symplocos heishanensis 100.0 0.0 10 *x
A EBST Eurya nitida 100.0 0.0 9 *x
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DBS
DL
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PH
PH

ECT
EBT
EBT
EBST
EBS
EBS
DBT
DBT
DBT
DBS
EL

Vaccinium mandarinorum
Rhaphiolepisindica
Loropetalum chinense
Daphniphyllum macropodum
E. rubiginosa var. attenuata
S stellaris
Elaeagnus glabra
Ardisiajaponica
Rhododendron oratum
Eurya muricata
Camellia oleifera
Sauntonia leucantha
Smilax china
S glabra
Clematis henryi
Alniphyllum fortunei
Styrax confusus
Clerodendrum cyrtophyllum
Viburnum dilatatum
Dalbergia millettii
Akebia trifoliata
Woodwardia japonica
Dryopteris paraerythrosora
Diplopterygium glaucum
Dryopteris bissetiana
Osmunda japonica
Cyclosorus proximus
Dicranopteris pedata
Lophatherumgracile

Carex brevicuspis

Cephlotaxus fortunei
Machilus leptophylla
Phoebe sheareri
[licium lanceolatum
Camellia sinensis
Damnacanthus indicus
Ulmus changii
Aphananthe aspera
Celtis vandervoetiana
Oreocnide frutescens

Trachel ospermum jasminoides
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85.7
100.0
100.0
100.0

93.9
100.0

69.2

92.3
100.0

80.0
100.0

75.6

61.5

727
100.0

875

81.8
100.0
100.0
100.0
100.0

67.4

73.7

94.1
100.0

88.9
100.0
100.0

90.9

56.5

6.7
4.8
0.0
0.0
20.0
9.1
0.0
0.0
0.0
0.0
311

14.3
0.0
0.0
0.0
6.1
0.0

30.8
7.7
0.0

20.0
0.0

244

385

273
0.0

125

18.2
0.0
0.0
0.0
0.0

32.6

26.3
5.9
0.0

111
0.0
0.0
9.1

435

93.3
95.2
100.0
100.0
80.0
90.9
100.0
100.0
100.0
100.0
68.9

11

16

46
19
17

11
46
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42
22
25
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11
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EBT
EBST
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EBST
EBST
EBS
EBS
EBS
EBS
EBS
EBS
EBS
DBT
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DBT
DBT

Ficus sarmentosa
Cayratia japonica
Hedera lepalensis var. sinensis
Cyrtomium balansae
Dryopteris erythrosora
Arachniodes tiendongensis
Lepisorus contortus
Neol episorus ovatus
Coniogramme japonica
Liriope spicata
Elatostema stewardii
Carex brunnea
Alpinia japonica
Arisaema heterophyllum
Boehmeria nivea var. tenacissima
Achyranthes bidebtata

Litsea elongata
Lithocarpus harlandii
Cinnamomum subavenium

Cyclobalanopsis myrsinaefolia
L. glaber
C. gracilis
Prunus spinulosa
Ilex latifolia
Elaeocarpus japonicus
Symplocos laurina
Lindera coreana
Eurya nitida
Euonymus oblongifolius
Camellia fraterna
Ardisia bicolor
Rubus buergeri
A. crenata
Maesa japonica
A. crispa
C. japonica
Acer olivaceum
Fraxinusinsularis
Carpinus viminea
Toxicodendron succedaneum

Kalopanax septemlobus
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C DBS Lindera glauca 714 286 7 NS
C DBS Rubus corchorifolius 714 28.6 7 NS
C EL Kadsura longipedunculata 40.0 60.0 20 NS
c EL Wisteria sinensis 143 857 7 NS
C EL Smilax stans 33.3 66.7 6 NS
C EL Ampelopsis cantoniensis 50.0 50.0 4 NS
C EL Dioscoreaceae japonica 50.0 50.0 4 NS
c EL Morinda umbellata 75.0 25.0 4 NS
C DL Celastrus orbiculatus 57.1 429 7 NS
C DL Lonicera pampaninii 50.0 50.0 4 NS
C PH Pleioblastus amarus 352 648 54 NS
C PH Carex thibetica 483 51.7 29 NS
C F Microlepia marginata 385 615 26 NS
C Arachniodes amoena 56.5 435 23 NS
No. plots 32 40 72

% 44.4 556

ECT, EBT EBST EBS

DBT DBST DBS

EL DL F AH PH

ok 1% * 5% NS C

3

ECT, Evergreen conifer tree; EBT, Evergreen broad-leaved tree; EBST, Evergreen broad-leaved
sub-tree; EBS, Evergreen broad-leaved shrub; DBT, Deciduous broad-leaved tree; DBST,
Deciduous broad-leaved sub-tree; DBS, Deciduous broad-leaved shrub; EL, Evergreen liana; DL,

Deciduous liana; F, fern; AH, Annua herb; PH, Perennial herb.
Significant difference at the 5% level NS No

**

Significant difference at the 1% level *

significant difference. For species belongs to group C  only whose total number of presence was

larger 3 were represented. For each speciesgroup refer to text
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Table 3-4 Dominant species of woody layer among the microlandform units
CSUSHHLSFSFT RB
Evergreen broad-leaved trees
Schima superba 51
Castanopsis carlesii 3 2
C. fargesii 5
Cyclobalanopsis nubium 2 6 3 9
Lithocarpus harlandii 4 31 505
Litsea elongata 3 6
Machilus leptophylla 2211
Ilex latifolia 2
Evergreen broad-leaved sub-treesor big shrubs
Distylium myricoides 6
Cleyera japonica 10
[llicium lanceolatum 7
Evergreen broad-leaved shrubs
Rhododendron oratum 7
Deciduous broad-leaved trees
Carpinus viminea 142 11
Acer olivaceum 4 6 46
Cyclocarya paliurus 6 4
Jugans cathayensis var. formosana 4 8
Choerospondias axilisris 11
Acer acutum var. tientungense 8
Aphananthe aspera 79
Celtis vandervoetiana
Liquidambar formosana 5
Platycarya strobilacea 7
* Cs ; US HH LS
FS FT RB

* The number indicates the sequence. (CS), Crest slope; (US), Upper sideslope; (HH),
Head hollow; (LS), Lower sideslope; (FS), Foot slope; (FT), Flood terrace; (RB), River bed.

5 21 7 3-4
CS us
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FS FT HH
RB

CsS US 3
HH

FS Pleioblastus amarus

35
Table 3-5 Dominant species of ground vegetation among the microlandform units

CSUSHHLSFSFT RB

Evergreen broad-leaved trees

Lithocarpus harlandii 4*
Cyclobalanopsis nubium 6
Schima superba
Castanopsis carlesii 3
Litsea elongata 2 3 4
Machilus leptophylla 3211
Evergreen broad-leaved sub-treesor big shrubs
Distyliummyricoide 10
Symplocos sumuntia 3 6
[llicium lanceolatum 4 5

Evergreen broad-leaved shrubs
Euryarubiginosa var. attenuate 2 5

Camdllia fraternna 6 4 2 6 3
Evergreen woody lianas

Ficus sarmentosa 7
Trachel ospermum jasminoides 4 5
Ferns
Diplopterygium glaucum 11
Woodwar dia japonica 8 2 4
Dryopteris paraerythrosora 3
Neol episorus ovatus 8
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Perennial herbs

Pleioblastus amarus 9 71 112
Alpinia japonica 7
Elatostema stewardii 3 2
* Cs us HH LS
FS FT RB

* The number indicates the sequence of the dominant species. (CS), Crest dope; (US),
Upper sideslope; (HH), Head hollow; (LS), Lower sideslope; (FS), Foot slope; (FT), Flood
terrace; (RB), River bed.

2.34
1004
[ | DBS
801 B /
DBST
® 604 (] DBT
>
== EBS
40+ [ /
EBST
204 [ ML
[ EBT
o) Lol W11 | ECT
CS US HH LS FS FT RB
3-7.
FT RB

Fig7. Relative dominance of different life forms among the seven micro-landform units
(CS), Crest dope; (US), Upper sideslope; (HH), Head hollow; (LS), Lower sideslope; (FS),
Foot slope; (FT), Flood terrace; (RB), River bed.
ECT, Evergreen conifer tree; EBT, Evergreen broad-leaved tree; ML, Machilus leptophylla;
EBST, Evergreen broad-leaved sub-tree; EBS, Evergreen broad-leaved shrub; DBT, Deciduous
broad-leaved tree; DBST, Deciduous broad-leaved sub-tree; DBS, Deciduous broad-leaved
shrub

3-7
us RB
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a.

40
357
307
257
20t
157
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05
0.0

CS US HH LS FS FT RB

b. (of

a b. C.
Cs us HH LS FS
FT RB
Fig8. Diversity among the microlandform unites
a. Speciesrichness, b. Diversity index of woody layer, c. Diversity index of ground vegetation
(CS), Crest dope; (US), Upper sideslope; (HH), Head hollow; (LS), Lower sideslope; (FS),
Foot slope; (FT), Flood terrace; (RB), River bed.

LS HH
FS FT RB
CS US p<0.05 HH RB p<0.05
RB FT LS FS p<0.05
- US
RB LS RB RB
FT CS US LS FS US p<0.05
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Relative dominance (%), log scale

HH LS LS RB

p<0.05 FS US p<0.05 CS US HH LS
RB RB LS p<0.05
HH CS RB RB
FT US HH FS FS CS us
p<0.05 CS US HH LS RB
RB p<0.05 CS us
HH FS FT LS RB HH
p<0.05 RB CS FS
FT p<0.05
O 10 20 30 40 50 60 70 80 90 o 20 4 6 8 100 120
a b.
Species sequence
39. -
a b.
CS us HH LS FS
FT RB
Fig3-9. Dominance-diversity curves for microlandform units.
a. Woody layer, b. Ground vegetation
(CS), Crest dope; (US), Upper sideslope; (HH), Head hollow; (LS), Lower sideslope;  (FS),
Foot slope; (FT), Flood terrace; (RB), River bed.
- RB Geometric curve
HH Random niche-boundary curve
RB HH
us
CS US
- RB

Log-normal curve
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2.3.6
3-6
Table 3-6 Comparison of stand structure among microlandform units

Upper hillslope area Lower hillslope area
micro-landform unit
CSs us HH LS FS FT RB
: 25 17 30 27 25 25
Max. Height(m)
: _ 21.3 264 16.3 35.1 34.1 35.3 31.6
Potential Height(m)
48.5 52 54 87 108.5 60 104
Max. DBH(cm)
Individua density  104.5 80.7 40.2 54.3 50.4 49.0 37.8
(/100 m?)
5 35.2 30.2 28.2 37.2 54.3 524 59.4
BA(ma)

(CS), Crest dope; (US), Upper sideslope; (HH), Head hollow; (LS), Lower sideslope; (FS),
Foot slope; (FT), Flood terrace; (RB), River bed.

HH

FT RB LS
(Potential tree height) HH

2-4 us

CS HH 20
RB 6-12
6 CS USs
CS US J HH
L 4
RB

35cm 5cm CS Us
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Fig3-10 Size distribution of trunks in each microlandform unit
a. Height-class distribution, b. DBH-class distribution
(CS), Crest dope; (US), Upper sideslope; (HH), Head hollow; (LS), Lower sideslope; (FS),
Foot slope; (FT), Flood terrace; (RB), River bed.
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Fig3-11. Comparisons of height of the tallest individuals and the DBH of the largest individuals
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Results for 69 species occurring in both slopes are shown.
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Fig4-11 The height class distribution of Cyclobalanopsis nubium-Lithocarpus harlandii- Acer
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Fig 4-12 The height class distribution of Choerosondias axillaries Comm.
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Fig 4-13 The height class distribution of Platycarya strobilacea-Choerosondias axillaries-
Machilus leptophylla Comm.
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Fig 4-14 The height class distribution of Cyclocarya paliurus- Machilus leptophylla Comm.
4 18m
14-18m 8-14m
8m

Dryopteris erythrosora

61



239 - -

RB
355-435m 20-35° 75-90

2 2 E 2 2
2 26} 2 26} 2
241 24 24 24 2
A 2 2 2 2

g2 2 2 2 2

g u 19 1 19 1

g :4] 19 1 19 1

£ ) 14 14 14 2

i E Pl 1 1) 1
i 1 It 1 i
o o0 il o ]
4 o0 q il q
E j m— | [ — J m— | 4

0 5 10 15 20 25 30 2: 2: 2: §
~otal 0 10 70 w0 40 S0 s 70 0 10 20 30 40 0 6 70 0 10 20 w0 4 s w0 70 0 10 20 0 40 0 e 710
No. indviduals(1007) 1s2 Ls4 157 Fs6

E 2 E 2

2 2 2 2

2 24 24 {1

2 2 21 2f]

2 2 {1 2

1 19 1 19

1 of] ] 1o

2 14 1T 14

x ] ] 1)

t o) ofJ 1

9 ] o fm]

g o1 g [ ]

4 J E— S [ e— |

E 3  — 43

0 10 20 W0 4 S0 w0 70 o 10 20 30 4 50 6 70 0 10 20 30 4 s 8 70 o0 10 2 w0 4 s 0 10
Fso Fr2 Fr 7

Fig 4-15 The height class distribution of Celtis vandervoetiana - Aphananthe aspera- Machilus
leptophylla Comm.
4 22m
16-22m
8-16m
8m

Phoebe sheareri Symplocos laurina

Lepisorus contortus

2.3.10

RB
275-319m 10-35° 70

2 E 2 2
2 2 F 2
24 24) 2 24)
24 22 2 22
g2 2 2 2
i i : ;
£ b . .
2 1 1 1
1
] 1 X 1
] a q a
4 o1 o o
;  e— : 4
— ] )
o P T R
Tou 0 a0 0 s W s e 7 o0 10w w0 0 s e 0 o 10 2 % w0 s w0 70
No. indicuals(100f) 152 Fss Fro

62



Fig 4-16 The height class distribution of Jugans cathayensis var. formosana Comm.
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Fig 4-17 The height class distribution of Machinus leptophylla Comm.
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Fig 4-18 The height class distribution of Liquidambar formosana-Machilus leptophylla Comm.
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Fig 4-19 The height class distribution of Aphananthe aspera - Acer olivaceum - Machilus
leptophylla Comm.
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Fig4-20 The height class distribution of Ilex latifolia Comm.
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- Liquidambar formosana-Machilus leptophylla Comm.

(Sporadic type) (Unimodal type)
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Aphananthe aspera-Acer olivaceum-Machilus leptophylla Comm.
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Ilex latifolia Comm.

(Inverse-J type) (Unimodal type)

1
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/200m°
* RBA 5
Fig5-1. Tree diameter (DBH) size class frequency distribution for dominant species among
the communities.
Abscissaindicates the DBH class and the y-axis indicates the number of stems(/200 m?).
White indicates main stems and black indicates sprouts. The number indicates the sequence
of dominance. * indicates the non-dominant species whose RBA exceed 5%.

Lithocarpus glaber 2
-J 2 Cyclobalanopsis myrsinaefolia
-J - - -
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buergeri Cleyera japonica

Neolitsea aurata var. chekiangensis S setchuensis
S anomala L - -
Distylium
myricoides Rhododendron oratum L

- - Acer olivaceum

8 3 -J
Fraxinusinsularis Diospyros kaki
var. sylvestris Dalbergia hupeana Choerospondias axilisris
9
-J Machilus leptophylla
Cyclocarya paliurus Litsea elongata
L Platycarya strobilacea - -
Cinnamomum camphora Alniphyllum
fortunei Aphananthe aspera -
-J 2 L
Cornus cortroversa Celtis vandervoetiana - -
Ulmus changii
-J Acer acutum var. tientungense

[llicium lanceolatum L
Jugans cathayensis var. formosana -J
Liquidambar formosana Phoebe
sheareri -J 2

Sassafras tzumu llex
micrococca
2.2
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Fig5-2. The growth pattern of the main dominant species
a. Accumulative growth curves  b. Annual growth of the oldest and the largest individuals
The broken line in b indicates the average annual growth
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30

2
222
51
Table5-1 Characteristics of the main dominant species
kg .
Species Fruit morphology Weight(kg/1000) Dispersal type
Castanopsis carlesii nut gravity
C. fargesii nut 0.625 gravity
Lithocarpus harlandii nut 2821 gravity
* L. glaber* nut 1.838 gravity
Cyclobalanopsis nubium nut gravity
*C. myrsinaefolia* nut gravity
Schima superba small capsule 0.0058 wind
Carpinus fargesii small nut wind
Cleyera japonica small capsule wind
Distylium myricoides capsule gravity
Dalbergia hupeana legume wind
llex buergeri sap fruit 0.001 frugivore
Neolitsea aurata var. chekiangensis sap fruit 0.054 frugivore
Symplocos setchuensis sap fruit frugivore
S anomala sap fruit frugivore
Rhododendron oratum small capsule wind
Fraxinusinsularis key fruit wind
Acer olivaceum key fruit wind
A. acutum var. tientungense key fruit wind
Cdltis vandervoetiana sap fruit frugivore
Ulmus changii key fruit wind
Aphananthe aspera key fruit wind
Diospyros kaki var. sylvestris berry 0.152 frugivore
Jugans cathayensis var. formosana stone fruit gravity
Cyclocarya paliurus small nut 0.2 wind
Platycarya strobilacea small nut wind
Liquidambar formosana small capsule 0.005 wind
Choerospondias axilisris sap fruit 2.273 gravity
* Alniphyllum fortunei* small nut 0.00063 wind
* Cornus cortroversa* sap fruit frugivore
* |. micrococca sap fruit 0.00049 frugivore
* Sassafras tzumu* sap fruit 0.0714 frugivore
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Cinnamomum camphora
Machilus leptophylla
Phoebe sheareri
*Litsea elongata*
* |1licium lanceolatum®*

llex latifolia

sap fruit
sap fruit
sap fruit
sap fruit

aggregate fruit

sap fruit

0.128
1.042
0.581

frugivore
frugivore
frugivore
frugivore
gravity

frugivore

* RBA 5

**

* indicates the non-dominant species whose RBA exceed 5%.** indicates the primary

dispersal type.

2.3

Seedling type
sprouting and seedlings

Sprouting type

3

Compositetype both

5-2
5-2
Table2 Sprouting characters of the dominant species and all species among the communities
Species No. stems Tota No. stems DBH< 5 NSMSI PMSI
Mainstems Sprouts RS Mainstems Sprouts RS

315 78 0.25 286 74 026 181 0.14
125 7 0.05 126 4 004 140 0.04
* 47 12 0.26 34 12 035 150 0.17
* 53 9 0.17 46 9 020 113 0.15
1690 251 0.15 1506 255 017 148 0.10
38 19 0.50 18 18 100 1.05 0.32
77 4 0.05 32 2 0.06 2 0.05
23 16 0.70 11 15 136 1.06 0.39
32 26 0.81 16 13 0.81 2 0.47
23 2 0.09 1 1 1.00 2 0.04
1219 560 0.46 1048 551 053 102 0.14
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* 19 1 0.05 17 1 0.06 1.00 0.05
106 15 0.14 83 15 0.18 1.07 0.3
25 2 0.08 9 1 0.11 1.00 0.08
19 3 0.16 3 - - 1.00 0.16
99 16 0.16 66 15 0.23 1.60 0.10
26 11 0.42 10 11 1.10 1.57 027
11 - - 8 - - - -
32 3 0.09 24 2 0.08 1.00 0.09
15 13 0.87 8 11 1.34 3.25 027
200 21 0.11 174 19 0.11 1.24  0.09
3 1 0.33 1 - - 1.00 0.33
177 15 0.08 93 13 0.14 125 0.07
1013 192 0.19 776 178 0.23 1.56 012
7 1 0.14 - - - 1.00 014
3 - - - - - - -
33 13 0.39 7 5 0.71 1.63 024
7 2 0.29 5 2 0.40 2.00 014
12 7 0.58 5 7 1.40 3.50 017
1 - - - - - - -
15 2 0.13 3 1 0.33 100 0.12
346 60 0.17 263 49 0.19 1.36 013
133 22 0.17 60 18 0.30 169 0.10
* 64 9 0.14 55 9 0.16 113 0.13
* 1 - - - - - —_ -
1977 392 0.20 1496 356 0.24 149 0.12
1 - - - - - - -
2 - - 1 - - - -
35 6 0.17 30 6 0.20 1.50 o1
9 2 0.22 4 1 0.25 1.00 022
13 1 0.08 7 - - 1.00 0.08
72 15 0.21 59 13 0.22 1.50 014
3 - - - - - - -
196 64 0.33 152 58 0.38 1.56 021
9 6 0.67 2 5 2.5 2.00 033
* 3 _ - _ - _ _ -
* 3 1 0.33 2 1 0.50 1.00 0.33
* 1 - - - - - - -
* 1 - - - - - - -
28 8 0.29 13 6 0.46 1.60 0.18
* RBA 5 *x
* indicates the non-dominant species whose RBA exceed 5%. **  Other speciesincluded.
RS Ratio of total sprouts to total individuals PMS Number of

multi-stemmed individualnumber of al individuals NSMSI  Number of al sprouts/ number
of multi-stemmed individuals

3
3.1
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Climax micro-succession

Whitmore 1990
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1993 1993

Open site
Mass movement

Da 1992 Cao& Ohkubo 1999 Sakai etal. 1999

Ulmus japonica
Sakai etal. 1999
Sakio 1997

Topography climax species
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3.2

Peterson
2000
Satoshi, 2004
Heavy shading conditions
US CS HH LS
Self-replace
Bellingham 1991
Peterson 2000
(Ojeda 1998)
Sprout bank
Bellinghameta 1996 Ohkubo
etal 1988

Vaiente-Banuet et al.,1998

Fernandez-Pal acios &

Arévalo 1998

Fernandez-Palacios & Arévalo 1998

Peterson 2000



Kruger et a., 1997; Hadung, 2003

2004
3.3
2004
80-100
1995
Day 1974

Uprooting
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1999

Midgley, 1996;

2000

2-2

1999



etal. 1998

crispula Sakal et al.
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Sakai

1992

Quercus
1998



Tree by tree

Gap formation disturbance
Sakio 1997 Sakai etal. 1998

LS FS

Shimuzu 1984 Enoki
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2003



(Arévalo & Fernandez-Palacios, 2003)
Manabe et al., 2000; James et
al., 2003
( 2005)

(Manabe et al., 2000)

Yoshida &
Ohsawa 1996 1999 Yamadaetal. 2000 Enoki 2003
Equivalent species
Daubenmire 1968

1
11
Castanopsiscarlesii - Schima superba - C. fargesii
- Lithocarpus harlandii CS1US1-US4 5
2000m*
1.2
Size distribution index SDI
Coefficient of skewness Satoshi
etal. 2004
1 ° d
:NZL‘ x, —0.5) X = %)
N X |
0-1 [ D
L -J SDI

SDI
m-m lwao 1972

88



A ! )
m/m 1 m/m 1
m/m 1 m/m
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p=(m—mi—1j/(m—ml)
i=1 2 3
m
lwao w lwao 1977
lwao w
+1 0 -1
1
(mwlj (my+1j
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* *

% Myy Y X Myx X
Y
5mx 5m 10mx 10m 20mx 20m w

2.1
62 1 45
16 26.8m*ha* (Shannon-Wiener
index)  3.68(hit)
Symplocos heishanensis RBA 69.9
RBA 1 13 3
Carpinus viminea Castanea seguinii Sassafras tzumu
10 10
RBA 81.9% 6-1
10 Camellia fraternna 299
Neolitsea aurata var. chekiangensis 208
77
49.5cm  18.5+7.9cm  SDI 0.003
6-1

Table6-1 Population parameters of main evergreen tree species in the community

(cm) (cm)

. Species

Species SDI Max. DBH Mean DBH RBA
code
k CAC 38 -0.029 35.5 16.7+ 15.0 21.6
’ SCs 77 -0.048 49.5 18.5+ 7.9 21.1
k CAF 23 -0.038 37 13.2+ 12.9 11.3
’ LIH 32 -0.047 33.5 9.2+ 9.6 9.6
k SYH 23 0.003 23 12.7+ 4.3 6.2
NEC 208 -0.026 10.5 4.9% 1.6 3.57
NYG 7 -0.019 33.7 12.5+ 11.7 2.79
NYN 14 -0.045 29.5 7.4+ 8.6 2.53
CAF 299 -0.011 4.5 3.0+ 0.45 1.63
MAT 22 -0.074 29.5 3.2+ 6.0 1.47
* * indicates the dominant species.

CAC: Castanopsis carlesii SCM: Schima superba CAF: C. fargesii LIH: Lithocarpus harlandii
SYH: Symplocos heishanensis CY G: Cyclobalanopsis gracilis CYN: C. nubium NEC: Neolitsea
aurata var. chekiangensis MAT: Machilus thunbergii CAF:. Camellia fraternna
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Fig6-1. Tree height-class frequency distribution for all the speciesin the community
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25m?
100 m?

200 m?
6-2

200m? 3

Table2 The pattern of spatial distribution of individuals > 1.5 of height for major tree species

Species Layer No. Distribution Basic Clump size(m®)
pattern units
Basic  Secondary
. Total 38 Random Colony 50 -
CAC 18 Random Colony 25 -
8 Random Individual - -
12 Random Individual - -
. Total 77 Random Colony 50 -
SCS 35 Random Colony 25 -
30 Uniform Individual - -
12 Uniform Individual - -
. Total 23 Aggregated  Individual 200 -
CAF 12 Aggregated Colony 50 -
3 Random Individual - -
8 Uniform Colony 25 -
Total 32 Random Individual - -
LIH 16 Uniform Colony 50 -
13 Aggregated Individual 50 -
3 Uniform Individual - -
Total 23 Aggregated Colony 25 100
SYH 3 Uniform Individual - -
18 Aggregated Colony 25 100
2 - - - -
Total 7 Aggregated Individual 200 -
CYG 3 Aggregated Individual 200 -
4 Aggregated Individual 200 -
Total 14 Uniform Colony 50 -
CYN 10 Uniform Colony 50 -
3 Random Individual - -
1 - - - -
Total 22 Uniform Individual - -
MAT 21 Same as total
1 - - - -
Total 208 Aggregated Colony 25 200
NEC 207 Same as total
1 - -
Total 299 Aggregated Colony 50 200
CAF 299 Same as total
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1 Aggregated Random Uniform Colony
Individual
Species codes see Tablel.

2.3
(W) 6-3
25m?
25m?  100m? 2
25m? 100m?  400m? W <-0.30 109 64
43 w >0.30
4 26 59
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6-3
Table6-3 Spatial association among cohorts in different layers by using w -index at different scales.

Species CAC SCM CAF LIH SYH CYG CYN NEC MAT
Layer
a 5mx 5m
-1.00
cAC -0.63 0.09
0.05 -0.14 0.21
SCM -0.11 0.27 -0.33 -0.16

0.07 0.19 0.16 -0.81 -0.11
0.17 -1.00 -1.00 -0.81 0.07 -1.00
CAF -1.00 -1.00 0.26 0.05 -0.11 -1.00 -1.00
0.00 -1.00 -0.17 -0.14 -0.33 -1.00 -1.00 -1.00
-0.72 0.3 -0.17 0.09 0.13 -1.00 -1.00 -1.00
LIH -0.65 -1.00 -0.48 -0.12 -0.18 0.00 -0.49 -1.00 0.06 0.03
0.03 -1.00 0.09 0.04 -0.11 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
0.03 -1.00 0.09 -0.24 -1.00 -1.00 -1.00 | 0.31 [ 0.33 | -1.00 -1.00 -1.00
SYH -0.51 0.01 -0.62 -0.49 0.18 0.23 0.17 -1.00 -0.44 0.02 0.16 -1.00 -1.00
-1.00 -1.00 -1.00 0.01 0.03 0.14 -1.00 -1.00 0.19 -1.00 0.13 -1.00 -1.00 _ 0.07
oG -1.00 -1.00 -1.00 -0.24 0.09 -1.00 0.08 -1.00 -1.00 0.06 0.09 -1.00 -1.00 [ 0.36 | -1.00
0.18 -1.00 -1.00 0.14 0.13 -1.00 [ 0.32 | -1.00 -1.00 0.02 0.05 -1.00 -1.00 0.01 -1.00 -1.00
-0.11 -1.00 -1.00 -1.00 -0.47 -1.00 -0.33 -1.00 0.00 -0.50 0.03 -1.00 -1.00 0.15 -1.00 0.10 -1.00
0

o 0.03 -1.00 -1.00 -1.00 0.09 -1.00 -1.00 -1.00 0.14 -1.00 0.08 -1.00 -1.00 0.15 -1.00 -1.00 -1.00  0.10
NEC 0.12 -0.08 0.09 0.15 0.05 -0.39 -0.19 -0.10 0.03 0.01 0.07 0.09 0.05 0.05 -0.03 0.05 0.13 -0.50 0.05
MAT 0.01 0.08 -0.04 0.02 0.23 -0.05 -0.05 0.03 -1.00 -0.76 -0.41 -1.00 -1.00 0.01 -1.00 -0.37 -0.22 009 0.10 -0.17
CAF -0.06 -0.05 0.18 0.09 -0.10 0.29 -0.38 0.01 0.12 -0.09 -0.18 0.08 -0.02 0.02 0.07 -0.55 -0.39 -0.28 -0.55 -0.09 0.09
b. 10mx 10m
-0.76
cAC 0.26 [0.34
[0.40 |0.24 |o0.31 |
SCM -0.07 0.20 -0.17 -0.03

-0.17 0.02 [0.38 | -0.48 -0.22

0.11 -0.38 0.15 -0.05 -0.11 -0.87

CAF -1.00 -1.00 0.03 [0.33 | 0.14 -1.00 0.03

-0.44 -1.00 -0.58 -0.43 -0.25 0.18 -0.79 -0.17

0.24 0.5 [0.30 | 0.00 0.17 -0.79 [0.67 | -0.17 -0.84

LIH -0.57 -0.23 -0.49 -0.51 0.16 -0.23 -0.61 0.17 0.18 -0.04
0.03 0.19 0.20 -0.24 -0.33 | 0.42 -0.44 -1.00 -1.00 -0.58 -0.49
SYH -0.63 -1.00 -0.44 -0.05 | 0.34 -0.44 -1.00 0.22 0.19 -0.58 0.17 0.22
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-0.44 -0.31 0.05 -0.49 0.16 0.21 0.29 -0.26 0.05 0.2l 0.18 -0.26 -0.26
-0.44 -1.00 0.16 -0.43 -0.67 [ 0.43 | -1.00 -1.00 -1.00 -0.23 -1.00 -1.00 0.02
oG -1.00 -1.00 0.12 [0.34 | -0.44 0.15 0.22 -1.00 0.08 0.0 -1.00 0.22 [0.32 | -1.00
0.04 0.08 -0.17 0.00 |0.45 | -0.58 0.18 0.14 0.08 0.10 0.06 -1.00 [ 0.49 | 0.39 | -1.00 [ 0.56 |
oY -0.56 -0.25 -0.50 -0.20 -0.47 -0.67 0.00 -1.00 0.09 -0.38 -0.38 -1.00 -1.00 0.14 0.00 0.07 0.0
-0.63 0.19 0.03 0.26 0.14 -1.00 -1.00 0.22 -0.17 -0.17 0.17 -1.00 -1.00 0.03 -1.00 -1.00 -1.00 0.21
NEC 0.13 -0.12 0.03 -0.09 -0.18 0.05 -0.01 0.09 -0.23  0.08 0.24 -0.08 0.38 0.24 0.10
MAT 0.19 0.25 -0.13 0.18 -0.05 -0.21 -0.29 -0.68 -0.05 -0.17 -0.34 -0.05 -0.04 -0.10 -0.05 -0.05 -0.05 -0.20 0.12 -0.05
CAF [0.39 [o0.31 Jo61 |0.00 -0.22 0.03 -0.26 -0.05 0.08 -0.26 =-0.95 0.24 0.03 -0.14 -0.24 -0.45 0.02 -0.31 -0.11 -0.02
C. 20mx 20m
0.12
cAC -0.10  -0.06
0.67 | -0.11 -0.04
Sci 0.41 [0.54 | -0.10 -0.01
-0.38 0.20 [0.61 ] -0.31 -0.10
-0.10 -0.48 -0.03 | 0.39 | -0.25 -0.65
CAF 0.17 _-0.17 [ 0.49 0.44 | -0.72 [0.61 |
0.16 -0.06 [0.69 [0.29 0.09 0.23 0.08 0.12
0.02 -0.14 -0.11 [0.44 Jo.07 -0.48 [0.70 Jo.80 ] -0.02
LI -0.08 0.3 -0.13 | 0.41 ] -0.49 -0.17 0.20 -0.23 0.29
-0.17 0.29 0.14 -0.19 -0.44 [ 0.42 | -0.72 -1.00 -0.17 -0.48 -0.10
0.85 | 0.29 -0.17[0.36 J0.35 | -0.44 -0.58 0.10 0.06 -0.17 -0.10 0.06
SYH -0.29 | 0.38 | -0.12 -0.23 | 0.50 ] 0.03 -0.14 0.16 -0.10 0.20 -0.35 -0.54
-0.72 0.17 |o0.47 | -0.57 0.00 [0.94 |-1.00 -1.00 0.19 -0.69 -0.62 0.24 -1.00 0.20
ove 0.66 | 0.29 -0.31 0.24 |o.76 |-0.72 -0.31[o0.58 |o0.06 0.17 0.32 -1.00|0.69 |0.17 -1.00
0.71 | 0.26 -0.27 0.28 [0.70 | -0.60 -0.38 [0.52 | 0.11 0.0 0.18 _-1.00 [0.77 | 0.08 -1.00 [0.99 ]
o -0.17 -0.13 -0.04 0.05 -0.37 -0.21 [0.38 | -0.17 -0.13 0.17 0.06 |0.48 | -0.33 -0.17 -0.50 -0.67 -0.75
-0.26 0.29 -0.44 -0.19 0.12 -0.72 -0.03 0.10 -0.38 0.29 [0.92 [0.06 -0.44 [o0.64 | -1.00 006 -0.17[0.32
NEC 0.42 | 0.71 | -0.14 -0.01 0.20 -0.23 -0.31 0.10 [o0.63 | -0.10 [0.37 [0.47 | -0.25 [0.64 J0.57 | -0.18 | 0.37 |
MAT 0.39 |0.45 | -0.01 0.12 -0.02 0.05 -0.19 -0.13 -0.02 -0.09 -0.03|0.37 |0.37 |-0.13 -0.05 0.04 0.09 0.09 -0.05 0.12
CAF 0.84 | 0.97 ] 0.95 | -0.06 -0.16 [0.83 ] -0.26 -0.38 0.03 -0.23 -0.28 [0.62 |0.00 -0.21[0.43 | -0.41 -0.36 0.7 -0.35 -0.14 [0.47 |
1 w>03 w<03 w >0.3

Species codes see Tablel. Values showing relatively strong association

w >0.3andw <0.3 are given by bold. Values>0.3 are also enclosed with quadrilaterals.
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3.1
Okinawaldand 26° 49° N 128° 5 E 250-330m asl

Castanopsis sieboldii  Schima wallichii BA
45.7 m’ha’ DBH2 10cm RBA
49 Enoki 2003 27° 427 30" N 117° 44 51" E 700masl
C. eyrei BA 29.3 m’ha’ DBHz
3cm 2 295% 14.6% 74.2cm
75.4cm 2005 Amami Island 28° 19° 52" N 129
°© 27 06" E 320masl C.sieboldii ssp. lutchuensis S wallichii
BA 70.14 m*ha’ H= 1.3cm 46.36
Haraetal. 1996 Tsushima Island Tatera
Forest Reserve 34° 25 N 129° 200 E  C. cuspidatevar. sieboldii  Distylium
racemosum BA 63.9m*ha’ DBH= 5cm 2
71 DBH 209.8cm C. cuspidate
var. sieboldii  Manabeetal. 2000
BA 26.8m°ha’ H= 1.5cm
21.6% 21.1%
52cm 49.5cm
35.5cm 37cm

Daubenmire 1968
29° 48 N 121° 47 E 390masl

2140.2mm

1995
1995
50
60 63 75 1

10 1999
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2004
3.2

Patchily distributed Putz 1983 Nakashizuka 1989 Taylor
etal. 1996 Akashi 1996 Manabe & Yamamoto 1997 Manabeetal. 2000
Arévao & Fernandez-Palacios, 2003

Yoshida & Ohsawa
1996 Sakio 1997 Nishimuraetal. 2002

C. hystrix Cyclobanopsis glauca
( 1996 1997
1997 1999 2001 2002)
( 1997)
Ilwao 1972
1998

1997
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3.3

25m?
25m?> 100 m?
Daubenmire 1968
2000
3.4
5
25m?
6-3

1988
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Manabe et al. 2000
25 m?
2
Manabe €t al.
SDI
6-2
1999 2004



6-2

1.0

0.8

o
o

Sprouts/main stems ration
o
~

o
N

0.0

1993)*

2004

Cyclobalanopsis gracilis
>astanopsis carlesii

Camellia fraternna

Mach..... thunbergii

25m?  100m?

Sympiocos heishanensis
lanopsis nubium

Cycl
Schiina superba

]
]
]

Daubenmire 1968

2004)

6-2.

Fig6-2 Ratio of sprouts to main stems for the main species

(Loehle  2000)

10

1 DalLJet al. 2003. The study on vertical distribution pattern of vegetation on Mt. Tianmu, Zhejiang Province,
China In: The 12" Reports of Studies Supported by Pro Nature Foundation-Japan and NACS-J.(in Japanese)
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Daubenmire 1968

Whitakker 1970 Timan 1994 Tokeshi 1999 Yoshida& Ohsawa 1996
1999 Yamada et al. 2000 Enoki 2003
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2001

Hara et al. 1996a
Kikuchi 2001

Graham et al. 2000

Tang &
Ohsawa Kikuchi 2001 2001 Enoki 2003
1982
1982
Sakai & Ohsawa
1994
1 Tamura 1969 1974 1980 1987a 1987b Nagamatsu & Miura 1997
Kikuchi 2001 7 Crest slope
CS Upper sideslope  US Head hollow HH
Lower sideslope LS Foot slope FS Flood terrace
FT Rivebed RB 7 Erosion line
2 Upper hillslope area  UHA
Lower hillsSlopearea LHA 2

2 RB 6
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HH
N CIN
HH

CS US HH

Shannon-Wiener

Ohsawa, 1994

Habitat pioneer

5 TWINSPAN

102

CS

FT
CS US
RB
7

LS FS FT RB
2
Hara et al. 1996 Seka &
DCA 72 14



us

Equivaent
species

<100m?
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Osmundaceae
Osmunda japonica
Gleicheniaceae
Diplopterygium glaucum
Dicranopteris pedata
Dennstaedtiaceae
Microlepia marginata
Lindsaeaceae
Sphenomeris chinensis
Pteridaceae

Pteris multifida
Hemionitidaceae
Coniogramme japonica
Thelypteridaceae
Cyclosorus proximus
Blechnaceae
Woodwardia japonica
Dryopteridaceae
Arachniodes amoena

A. tiendongensis
Cyrtomium balansae
Dryopteris paraerythrosora
D. erythrosora

D. bissetiana
Polypodiaceae
Lepisorus contortus
Microsorium brachylepis
Neol epi sorus ovatus

Pinaceae
Pinus massoniana
Taxodiaceae
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Cunninghamia lanceol ata
Cephalotaxaceae
Cephlotaxus fortunei

Myricaceae

Myrica rubra
Juglandaceae
Cyclocarya paliurus
Jugans cathayensis var. formosana
Platycarya strobilacea
Betulaceae

Carpinus viminea
Fagaceae

Castanea seguinii
Castanopsis carlesii
C. fargesii

C. sclerophylla
Cyclobalanopsis gilva
C. glauca

C. gracilis

C. myrsinaefolia

C. nubium

C. stewardiana
Lithocarpus glaber

L. harlandii

Quercus fabri
Ulmaceae
Aphananthe aspera
Celtis vandervoetiana
Ulmus changii

M or aceae
Broussonetia kazinoki
Ficus pumila

F. sarmentosa
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Urticaceae

Boehmeria nivea var. tenacissima
B. platanifolia
Elatostema stewar dii
Girardinia cuspidata
Oreocnide frutescens
Olacaceae

Schoepfia jasminodora
Polygonaceae
Antenoron.filiforme
Amaranthaceae
Achyranthes bidebtata
Ranunculaceae
Clematis henryi
Semiaquilegia adoxoides
L ardizabalaceae
Akebia quinata

A. trifoliata

Holboellia coriacea
Stauntonia leucantha
Berberidaceae

Nandina domestica
Magnoliaceae

[llicium lanceolatum
Kadsura longipeduncul ata
Magnolia amoena

L auraceae
Cinnamomum japonicum
C. subavenium

C. camphora

Lindera coreana

L. glauca

L. reflexa

Litsea cubeba
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L. elongata

Machilus leptophylla
M. pauhoi

M. thunber gii
Neolitsea aurata var. chekiangensis
Phoebe sheareri
Sassafras tzumu
Pittospor aceae
Pittosporumillicioides
Hamamelidaceae
Distylium myricoides
Fortunearia sinensis
Liquidambar formosana
Loropetalum chinense
Rosaceae

Photinia glabra

P. parvifolia

P. villosa

P. phaeosticta

P. spinulosa

P. tomentosa
Rhaphiolepisindica
Rubus buergeri

R. corchorifolius

R. coreanus

R. flosculosas

L eguminosae

Albizia julibrissin
Dalbergia hancel

D. hupeana

D. millettii

Ormosia henryi
Wisteria sinensis

Euphorbiaceae
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Mallotus apeltus

M. japonicus

Phyllanthus glaucus
Vernicia fordii
Daphniphyllaceae
Daphniphyllum macropodum
Anacardiaceae
Choerospondias axilisris
Toxicodendron succedaneum
Aquifoliaceae

Ilex buergeri

l. hyloloma

. kengii

l. latifolia

|. micrococca

|. purpurea

|. rotunda var. nucricaroa
|. suaveolens

I. wilsonii

Celastraceae

Celastrus orbiculatus
Euonymus alatus

E. fortunel

E. oblongifolius
Staphylacaceae
Euscaphis japonica
Acear aceae

Acer acutum var. tientungense
A. olivaceum
Rhamnaceae

Hovenia acerba
Sageretia theesans
Vitaceae

Ampelopsis cantoniensis
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Cayratia japonica
Elaeocar paceae

Elaeocar pus decipiens

E. japonicus

Theaceae

Camellia fraterna

C. japonica

C. oleifera

C. sinensis

Cleyera japonica

Eurya loquaiana

E. muricata

E. nitida

E. rubiginosa var. attenuata
Schima superba
Ternstroemia gymnanthera
Elaeagnaceae

Elaeagnus glabra

E. multiflora
Alangiaceae

Alangium chinense
Myrtaceae

Syzygium buxifolium
Araliaceae

Hedera lepalensis var. sinensis
Kalopanax septemlobus
Cornaceae

Cornus cortroversa

C. kousa

Ericaceae

Rhododendron oratum

R. simsii

Vaccinium mandarinorum
V. sbracteatum

110



Myrsinaceae

Ardisia bicolor

A. crenata

A. japonica

A. crispa

Maesa japonica
Ebenaceae

Diospyros kaki var. sylvestris
D. lotus

D. rhombifolia
Symplocaceae
Symplocos lancifolia

S anomala

S heishanensis

S laurina

S setchuensis

S stellaris

S sumuntia
Styracaceae
Alniphyllum fortunei
Styrax confusus
Oleaceae
Fraxinusinsularis
Ligustrum quihoui
Osmanthus cooperi
Apocynaceae

Trachel ospermum jasminoides
Verbenaceae
Callicarpa bodinieri
Clerodendrum cyrtophyllum
C. kaichianum
Premna microphylla
Rubiaceae
Damnacanthus indicus
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Morinda umbellata
Rubia argyi
Tricalysia dubia
Caprifoliaceae
Lonicera pampaninii
Viburnum dilatatum
Cucurbitaceae
Gynostemma pentaphyllum
Compositae

Aster ageratoides
Farfugium japonicum

Gramineae
Lophatherum gracile
Oplismenus undulatifolius
Pleioblastus amarus
Cyperaceae

Carex thibetica

C. brunnea

C. brevicuspis

Palmae

Trachycarpus fortunei
Araceae

Arisaema heterophyllum
Commelinaceae
Commelina communis
Liliaceae

Smilax stans

S glabra

S china

Paris polyphylla
Liriope spicata

Dioscor eaceae
Dioscoreaceae japonica
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Zingiberaceae
Alpinia japonica

1993
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973

2003 9

376-384

“ ” ,2004

2004

1. 1996-2000
2. 2000-2002
3. 2002-2005
1
2
3.
4.
5.
6.
1

2002,20(6):433 437
2

615 618
3 )

2003 2 13 16
4

2005 3
5
6

2004 28 3
.
2002 136-139

8

3 3840
9

3
10

2004 24 11  2477-2483
11
2005 29 2 177-183

1
2
1. 2002 11 20-22
2. 2002 12 7-21

w

2003 10 23-25
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