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Fig 1-1 Stability and equibilium of ecosystems
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Fig 1-2 Study flow on this thesis
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Fig 2-1 Study area of GIS derived land system classification, Southern Thailand
H22 HEZHVWCRESSIR

Fig. 2-2 Landform classification map divided into 30 x 30 second cells
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Fig. 2-3 Soil map divided into 30 x 30 second cells
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Fig. 2-4 Geology map divided into 30 x 30 second cells
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Fig. 2-5 Scatters of land system factors and cells ordinated by correspondence analysis
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Fig. 2-6 Land system classification map on Southern Thailand
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Fig. 2.7 Land cover classification map on 1970s
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Fig. 2-8 Land cover classification map on 1980s
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-9 Relationship between land system types and land covers
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Fig 2-10 Comparing the pattemns of land cover change by land system tyvpe
£ P o £ i

H31 THAETHLUBOER S Bacho RiMIBWIOEER
Fig. 3-1 Location of study area and elevation map around the Bacho swamp
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Fig 3-2 Climatic diagram of Narathiwat averaged data from 1990 to 1955
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3 Schematic cross section along the study transect and catena
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Characteristic
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of land system types and land use pattem
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Fig. 3-5 Measuring points of subsidence on the Bacho swamp
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Fig 3-6 Land form classification map at lowland area
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Shematic cross section on strand plain
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Fig 3-8 Study site of spatial variation in accumulation layers
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Fig. 3-9 Spatial vaniation of accumulation layer on offshore bar group Il
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Fig. 3-10Planted area of fruit trees and tree crops in Narathiwat Province
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Fig. 3-11 Land form - soil cross section on the rubber palntation
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Fig. 3-12Variation of tree volume of rubber individuals along the cross section shown
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Fig. 3-13Self-thinning patterns
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Fig. 3-14 Potential growing of A uti on three soil types
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Fig. 3-150rdination of home garden by multi scaling analysis
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Fig 3-16 Relationship between area and species number in home garden
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Fig. 3-17 Comparision of species diversity among the location of home gardens
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Fig 3-18Changing pattern of species diversity by tree height classes
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Fig. 3-19Species composition by tree height classes at the home garden on foot slopes
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ig. 3-20Species composition by tree height classes at the home garden on Upper

uplands
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Fig. 3-21 Species composition by tree height classes at the home garden on offshore bar
group Il
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Fig. 3-22Species composition by tree height classes at the home garden on offshore bar
group IV
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Fig. 3-23 Comparision of species diversity by individual tree volume
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Tab. 1-1 Development on tropical humid forests into other land uses
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Tab. 2-1 Land system factors and their frequency
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Tab, 2-2 Characteristics of each land system type
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Tab, 2-3 Complexness of changing patterns on land cover
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Tab24 Comparision on land productivity estimated by one year-accumulated NDVI
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Tab3-1 Soil chemical characteristics of typical soil pits
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Fig. 2-1 Study area of GIS derived land system classification, South Thaitand
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Code Counts
Land form

Ll Convex Steep Slope

L2 Concave Steep Slope

L3 Convex Foot Slope

L4 Concave Foot Slope 1411
LS Flat

L6 Flat (Cone

Soil

S Sulfaquents 260
S2  Hapludults

S3 Quartzipsamments 52
S4  Haplohumods

S5 T'ropofibrists

56 Acid Epiaquepts

S7 Paleaquults

S8 Palcudults

S9 Kandiudults

S10 Slope Complex

Gl Quatemary (alluvial deposits)

G2 Quaterny deposits)

G Tertiary (semi-consolidated clastic rocks 29
G4 Triassic (elastic rocks 1627
Gs nian | limest 80O
GT ( ferous 1 | chert

Gx Cart us s-bedding i
G9 Carboniferous ¢ & sha th cross-bedding 7

G10  Silurian-Devonian (clastic rocks. chent and bedded limest 7
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Fig. 2-5 Scatters of land system factors and cells ordinated by correspondence analysis
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Fig. 2-7 Land cover classification map on 1970s
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Fig. 2-8 Land cover classification map on 1980s
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Tab. 2-3 Complexness of changing patterns on land covers

Bare land Grass vith

mass  high

0.909 0.827 0.825
0.826 0.715 0.846
0.851 0.805 0.813
0.92% 0.79% 0.799
0.869 0.763 0.610
0.600 0.602 0.385
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Fig. 3-1 Location of study area and elevation map around the Bacho swamp
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Fig. 3-3 Schematic cross section and catena along the study transect




Land form

Soil type
(FAO/UNESCO)

Steep slope

Slope Complex

Fool slope

Udults
(Acrisols)

Upland (low)

Aquults
(Gleyic Acrisols)

Upland (high)

Udults
(Acrisols)

Peat swamp

Fibrists
(Histsols)

Off shore bar

Humods/Orthods
(Humic Podosols)

Beach ridge

Psamments
(Regosols)

Major land use Dipterocarp forests Rubber plantation Paddy field Rubber plantation Melaleuca forest Meluleuca forest CGirass land
Elevation 50m - 100m 10m - 50m 5m- 10m 10m- 30m Under Sm Under Sm Under 5m
Slope degree 200 300 2.5 Under 2° 2- 10 Under 2° Under 2° Under 2*
Typical soil profiles ! 2 3 4 5 6 7
o Dull Yellowish 5
=] Ihd;mk yih Yellow Y| St I((r)nm
s e 2 10YRs/4 Reddish Black
Sandy Loam / 2 10R21 25
Sandy Clay Loam YLy irayish Vellow
Sandy Clay 50 10YRS/3 Brown Very Dark 52

Silty Clay
Heavy Clay
Peat

Gravel rich

Clear boundary

Gradual boundary

Fi

0YRS/2 L Reddish Brown
10R2/3

IReddish Black
irayish Yellow 10R2/2 0O
Brown
10YRG/2 iright Yellow
Brown
10YRG/8

right Brown
SYRS/8

Reddish Brown
10R4/4

Light Giray
10YR82 or
Red

130
irayish Yellow 1ORS/6 mottled

Brown
10YRG/2

Olive Gray
2.5GY4/1

(3-4 btz LRI KRS LIIRBA2AT ORFHE L MF A

3-4 Characteristics of land system types and land use patterns
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Tab3-1 Soil chemical characteristics of typical soil pits

Extractable Bases (cmol/kg)

. X Orgunic Carbon Total b, o 1 . M CEC pH
Pit No.  Depth (cm) %) Nitrogen (%) Ca Mg Na K Sum bases (cmol/kg) (H,0 1:1)
2 0-28 0.44 0.03 1.03 0.17 0.03 0.08 131 1.¥1 4.5
28-50 0.33 0.03 0.54 0.04 0.03 0.03 0.64 1.92 4.0
50-145 0.21 0,02 0.14 0.06 0.03 0.04 027 2:13 35
145- 0.15 0.07 0.12 0.07 0.03 0.05 0.27 2.54 39
3 0-10 1.05 0.08 0.53 0.40 0.05 0.26 1.24 4.70 4.7
10-72 0.78 0.06 0.11 0.05 0.03 0.18 0.37 3.52 4.8
72- 0.14 0.02 0.21 0.09 0.03 0.14 0.47 3:23 4.7
o 4 0-19 1.68 0.11 0.20 0.25 0.08 0.29 0.82 3.63 4.2
= 19-60 0.51 0.05 0.04 0.03 0.04 0.08 0.19 2.37 4.1
60-94 0.27 0.03 0.05 0.04 0.03 0.05 0.17 217 4.0
94- 0.27 0.06 0.15 0.09 0.03 0.04 0.31 2.93 4.0
5 76.95 1.51 570 0.24 1.10 33
93.05 1,79 6.81 0.16 0.89 3.4
86.03 1.71 5.13 0.04 0.89 105.30 3.8
11.86 0.21 0.90 491 0.10 031 19.40 4.5
0O 1.0% 0.03 0.40 0.10 - - 0.50 2.90 4.2
0.20 0.01 - - - - - 0.30 5.0

4.32 0.10 0.20 - - - 0.20 24.90

0.12 z z = = ] ' R aZ
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#3-2 BachoiBiEHIZF (5 #0488 T D F (Pikun Thong Royal
Development Study Center, RFEXRT —4: Hfiicm)

Tab. 3-2 Subsidence in the Bacho swamp from 1983 to 1993
(unpublished data: cm)

5%""" 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
INO.
T 00 40 LI 257 =110 550 555
2 00 00 07 -50 -11.0 410 420
3 00 00 02 48 220 420 456
4 140 130 205 14 210 425 415

5 30 -0.6 13 22 9.0 -20.0 -19.0

Site 3Site2 *
g ac0e
| Site 4
S

BA3-5 REGRMICH T AT O AR
Fig. 3-5 Measuring points of subsidence on the Bacho swamp
 em OEHE D FIZH) 50em (EE DR EAOHERIEA A 5. S 5 FRICIZAES
& Al ORI (Spodic horizon) ASILHHIZH 7z > THEsE S 4172728, Spodosols 2%
T WHEFIRE 11, RS OA S
A=AS, ZDOMOREHER T TIIAT BiRE S

A LETHS 2%, Humods 127351

ZiMifziz\a/esh. Orthods (2734

SN 5. FHIHOREOR LRI E(ET 2. &< ITIRpIRMIT B R /-S| T

3. RIS ONEIS 20em FHE Sk U
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541, MORHER I3 LRI O PFGICB L TR D11 E
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F3-3 ARG TIRITEICH AR O LIREE IR

Tab. 3-3 Comparision on soil chemical characteristics among four offshore bar groups

Site of Pedon  depth pH  Organic Cartbon Fe  Mn  ExtrAl  Sand Silt Clay
(em) 1:1 H,O % ppm ppm me/100 g Y% % %
Bar | 0-2 3.9 7.47 143 1.90 0.58 94.6 38 1.6
2-54 5.8 0L 12 0.08 nil  97.6 1.9 0.5
54-60 43 6.14 25 0.10 12.45 89.4 9.5 1.1
60+ 48 2.69 3 0.08 2.48 94.8 4.7 0.5
Bar [I-1* 0-10 44 3.28 13 0.90 0.68 96.3 2:2 15
10-30 5.6 0.14 6 0.08 0.10 97.9 1.6 0.5
30-51 53 3.58 5 0.14 11.47 96.0 3.5 0.5
51-56 54 247 5 0.08 1.68 97.5 2.0 0.5
, 56+ 5l 0.65 2 0.06 0.32 99.0 0.5 0.5
5 Bar 11-2%%
A 0-5 5.1 2.26 65 0.34 0.79 94.%8 4.7 0.5
5-20 55 0.43 3 0.06 0.44 94.8 0.2 5.0
20-30 54 237 2 0.06 1.08 935 6.0 0.5
36-50 5.8 1.10 2 0.06 0.46 97.0 2.5 0.5
Bar 111 0-5 5.5 1.63 38 0.84 0.25 94.2 23 3.5
5-18 57 0.56 4 012 0.16 942 3.6 2.0
18-50 6.1 1.10 5 0.08 0.06 96.2 3.3 0.5
50-70 6.3 0.04 18 0.10 0.01 97.2 23 0.5
Bar IV 0-10 4.8 1.94 52 14.04 0.11 91.%8 92 3.0
10-30 58 027 170172 0.15 97.4 2.1 0.5
30-50 62 0.45 I8 1.20 0.14 P9 1.6 0.5
* B horizon is well accumulated and very hard
** B horizon is accumulated but weak
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Fig. 3-6 Land form classification map at lowland area
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Fig. 3-7 Shematic cross section on offshore bars




#&3-4 KRRV IILOREREDHE
Tab. 3-4 Comparing the developing stage of hydropodzoic horizon

, G Characteristics of Accumulation Horizon
The number of site

Hard Soft None Depth (S.D.:cm)
Bar | 12 100.0% 0.0% 0.0% 1 (8.7)
Bar II 26 96.2% 3.8% 0.0% 55.9 (20.6)
Bar I11 17 47.1% 47.1% 5.8% 54.6 (12.6)
Bar [V 62 24.2% 48.4% 27.4% 54.9 (16.7)

WS IV . BRIRA 1 & A OBELEFFDA, HihtkEL, ZokbRE
WO TH 5.
D E R OIERGFE LIRS ZWHEH T ST E T > 72 ZORERE X34 1TR
7e. TORE BUEDWIETH S WHEFIRE V IRV 2. INBEIZILET S I HESIRE | A
SEPHEFIHE IV AT, RRIM ORI L T < Ohhhd. & 5ICbHES]
BF 11 SEVHERIRE IV CRERIMOMERR S hah - &K A& 5N . THIHEs
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Tab. 3-5 Conparing of composition in marine clay by X-ray method

Component Outer swamp Inner Swamp
Total content of. Silicon % 25.60 37.

Aluminum % 9.78
Iron % 5.13
Titanium % 0.48
Sodium % 0.15
Magnesium

Potassium %

Calcium

Sulfur ppm

Phosphorus ppm 90
Manganese ppm

Copper ppm

Zinc ppm

Pyrite %

Acid-extractable sulfur ppm 15

Residual sulfur ppm 21740 1370
Acid-extractable iron ) 0.8% 024
Residual iron g 425 127

Loss on ignition (450C) % 18.60 631
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JoAt A= n RS SHERICA SN, HiRkELTHMET z,
Melal Hupuh Ui, PPHEICTET L. iSEYA L E A g
F=LA—FT O3 2ZFMMREL, EWENKHOU

) FHE X ROH
C DMIRIZE S B M D 2 BUR O LRI B2 & SIS % 22 iz, e -

5 A TN IR R RO M it 3 1o, O gR, AP Suh

GUFIFIRIEE (L6 1625 2L 0IEE) & U7, Mg - |8

518
EEE # ST 1T 100,000 7+ 1 138

A% M\ 72 (Soil Survey Division, 1975) . Z®

EREIL, THREOAMEELIZ, B HEEY A

D. COffHEE, M SHA Bacho HMIROME - -2, WELEY 1

AR o

TEORUDEE

HIE - KA DT ETT > 7. LI OB

WDIZIE. 51 EEBENETT 50,000 40 1 MERERLE (Roval Thai Survey

Department, 1986) . %% 15 B8 ($450m) OFY » BiZa®WIL. ) o KN

TSI LMY (T, HMPIRERS &5, 2 DDMRNTHE

fafib i, Bacho

BEMHL

MRICH SR - LY 1 FITHB T, $M0G7e 44 4 sy i i1

Iz

702G ORI E 2 3-6 13T, K& LM (2

RO, &7 9 K

A5 Tl W LR Y 1 T EBIRL -

W7z H RIS, Soil Taxonomy D 434ilk

Bacho HUSI THEZ S N Mg LK &z Ly 1 TERRKG LIRS
13 o, FLRTRTERBM Y 1 712, ¥ ERNES
11 50,000 440 LBl T M dense forest! (3. Hi&EMEH S0
MLED#&HKZ. Topenforest! (3, Hd&IEH 0%LLESO%XRFORHIZH-2

4 DR LRF 1T E B LR & AERE

SN/ (df=78, %°=6,479.05, p<0.001) . KiZ Bacho M T S/l « X

RAZi > T, RN & Rk

o Y

dense forest & open forest &, [TREITHEA & (74 54O Slope Complex & 4L 1

MHDLEAON - I, kA S PUGRE A0 T O RS > 1 M w5 (i

B MR F /UL (Red-Yellow Podzoic soils) 1213, TAMZRL®HETZ TS
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Tab. 3-6 Relationship between landform - soil types and land use in the southern part of Narathiwat.

Soil Classification Landform Type [-)cnu‘ pm“ Plantation {{M S\“dmp s Villages  Total
forests  forests fields  forests  lands 2

Slope Complex Hill top and steep slope S8T* 490* 337 40 3 0 20 1477
Red-Yellow Podzolic soils Foot slope 154 167 1196* 157 25 0 24 1723
Reddish-Brown Lateritic soils  Foot slope 0 1 55 8 8 0 3 75
Red-Yellow Podzolic soils Upland (high) 10 17 237 84 17 0 14 379
Gray Pozolic soils Upland (high) 66 26 166 95 0 0 17 370
Low-Humic Gley soils Upland (low) 8 96 352 360* 18 1 61 896
Hydromorphic Alluvial soils & 4 = =

Upland (low) 26 32 511 318 25 0 63 975

Low-Humic Gley soils
Peat and Muck soils Back marsh 62 125 112 84 489* 42* 11 925
Low-Humic Gley soils & Red-

) ellow Podzalio Soils Flood plain 1 0 75 3s 7 0 6 124
:‘3‘ Hydromorphic Alluvial soils  Natural levee 1 0 12 41 2 0 0 56
Hydromorphic Alluvial soils  Offshore bar 18 37 81 140 90 2 28 396
Ground-Water podzol soils Offshore bar 0 8 48 21 33 0 S 137
Hydromorphic Alluvial soils  Former tidal flat 2 70 136 65 152* 15 27 467

Total 935 1069 3318 1448 871 60 299 8000

*: positive relationship (»<0.01)




R3I-1 FEIFIORICHEIIRXNIHABOTSE
(Narathiwat Provincial Statistical Office, 1994 &Y 3| -8 ZE ha
Tab. 3-7 Agricultural land use change in Narathiwat Province (ha)

Year 1985 198 1987 1988 1989 1990 1991
Paddy land 39832 38157 31949 32080 33118 26256 25619
Field crops 279 257 191 205 224 214 199
Fruit trees and tree crops 98502 101800 124389 142150 154585 165101

195 178 220 212 209 204
S50 723 1312 900 1260 6

Vegetable and flowers
Livestock farm arca

Idle land 7419 7059 8698 6501 6797 5974 5186
Housing arca 5096 4962 5091 4189 1344 4454 4564
Forest land 87393 86600 84248 R1961 79735 79700 75634
Total 235629 237979 239152 250712 266421 279523 277935 2

srp A S

%t L3 (Low-Humic Gley soils) (23, /KHIATD & < #4575~

%iith 1. (Peatand Muck soils) IZiX, SZAZASEHAZ SN, S 5ICHE O

D E A <

ZOMMOBBKIITICMESNTED, F0£2<1IM cajuputi

THHZ LR B BN THD. ORI HED AR B/t L Eob T

UDEbMiholc. ERRT O LHIZH M. cajuputi A3 L TWAHAT, BEMICHEEIZ &

JER EASE 5, a2z R OB HEAS LR & 0 (KA - o 72eb (2, HEIIICHE

BTNy FELTRMEN a2 EbREEZ NS,

b2 F DOt FEFL (Narathiwat Provincial Statistical Office, 1994) % % & (2, 1981
MG 191 SFELETO LA ZRZRLZONEST Thd., THickdEEME-

BAKEHOMMAZFDD TRZVI EHWREINS. 1993 FICHT2 PHBLUK

L ¥k (Hevea brasiliensis) == b e

AMFPONRESS L. RN S
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Bamama | 589ha

R

Langkorn (local) 6,216ha

ambutan 2,842ha Others 2,374ha

Durian 6,895ha

Coconuts 10.869ha ¢

BE3-10 75FVRICEH3REXEDOERAAR
Narathwat Provincial Statistical Office, 1994)

Fig. 3-10 Planted area of fruit trees and tree crops in Narathiwat Province
(Narathiwat Provincial Statistical Office, 1994)
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Fig. 3-11 Landform - soil cross section on the rubber plantation.
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Fig. 3-12 Variation of tree volume of rubber individuals
along the cross section shown on Fig. 3-11
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Fig. 3-15 Ordination of home garden by multi scaling analysis
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Fig.3-16 Relationship between area and species number in home gardens
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R3-8 R—LA—TUMABFEDEL
Tab. 3-8 Variation of home garden composition

Comimon name Species Family name Main usage FI_FI6 F17 F2 UI0 UIl U3 U9 IbS Ib6 Ib7 Ib8 Ob200b210b220b24 Total
Mango Mangifera indica Anacardiae eating fruit T R T T RO i S v A VRN IO T A 3 G124
Guava Psidium guajava Myrtaceae 13 3 3 1 1 1 7 3 2 2 | 36
Neem tree Azadirachta indica Meliaceae building material 10 1 1 1 8 1 25 4 5 68
~fruit tree Artocarpus heterophyllis Moraceue eating fruit 13 51 =0 G R AR TR S [
Tamarind Tamarindus indica Caesalpinia cating fruit 6 2 1 11 L7 R 5
Pomelo Citrus grandis Rutaceae eating fruit s 77 L 2 2 2 15
Satho (local) Parkia speciosa Fabaceae eating fruit 3 5 2 2.2 & 1 5 2 2 1 0 o] 28
Wax apple FEugenia javanica Myrtaceae ing fruit 8 3 1 13 12t Sl e
Longkom (local)  Lansium domesticim var diku Meligceae eating fruit 92 160 54 52 13 39 59 66 I
Bunana Musa spp. Musaceae eating fruit 66 63 2 5 1
Santol Sandricum indicum Meliaceae eating fruit 10 5 2 4 1 2 1 25
Duku (locs Lansiim domesticum var. typicum  Meliaceae iting fruit 0. 2. 2 0 8 23
Durian Durio zibethinus Bombacacese  eating fruit 16 1 3 k]
Rambai Baccanrea motleyana Euphorbiaceae  building material 3 2 SRR 1 (3
Areca-nut palm Arcca catechu Palmae building material 32 1 4 3 50
Cassava Manihot esculenta Euphorbi ating root 6 3 2 3 & 0 81
Rambutan Nephelium lappacenn Sapindacese  eating fruit 13 1% il 1 1 2 0 46
Khileg (local) Cassia siamea Cuesalpiniaceae cooking lea 13500 2 1 (R o3 G )
Papaya Carica papaya Caricaceae eating fruit 1 8 2w ol 1 1% 1
Nieng (local) Pithecellobium jiringa Fabaceae eating fruit 18 18
Jummada Artocarpus integra Moracese eating fruit 10} SR N 1 17
Star goose berry  Phvllanthus acidus Euphorbiac ating fruit 8 2 1 1 1 9
Orange Citrus spp. Rutaceae eating fruit 1 0 6
Marian plum Bouca spp. Anacardinceae  eating fruit 5 1 6
Sapodilla tehras zapota Supotacese  eating fruit 2 2 ¢
Coconuts Cocoy nucifera Palmae 13 14 10 14 S130 26 23 26 18 10 10 12]216
Cashew Anacardium occidentale Anacardiae & 4 1 7 1 2 1L & 1 54
Lime Citrus aurantifolia Rutaceae wting fruit 3 2 5 2 14 1| 28
Sugar apple tnnona squamosa Amonaceac  eating fruit 10 2 & 3 @& 17
Payom (local) Stryehnos spp. Loganiacene  building material 18 18
Mao (loeal) Myrtaceae building material 1 2 0 3
Soursop Annona muricatd Annonacese  eating fruit 0 7 9
Bougainvillex Bougainvillea spp. Nyetagin enjoying flower I 5
Rubber Hevea brasilionsiy Fuphorbi; sapping 1 3 1 4
Flat tery Morinda citr Rubiacese eating fruit 3 1 4
Croton Condiaeum variegalum var pictum Euphorbiscese enjoying leef 3 1 4

Mungosicen

Giarcinia mangostana

Clusinceae

eating fruit
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Fig. 3-17 Comparision of species diversity among the location of home garden
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Fig. 3-18 Changing pattern of species diversity by tree height classes
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Fig. 3-20 Species composition by tree height class at the home garden on high upland
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Fig. 3-23 Comparision of species diversity by individual tree volume
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Tab. 4-1 Establishing land use system by matrix of land system and land uses
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Studies on land system and land use in humid tropical lowland

— Peninsular Thai case study

Summary

Background and purpose of this study

In humid tropics, human activities are extented to tropical fotests and are
caused of land degradation, or soil degradation such as soil erosion. The developments
for agricultural use are especially spread to lowland area like peat swamps or
mangroves, that are not suitable for intensive land use. In such tropical lowlands, it is
rapidly necessary to recognize the characteristics of land system, to evaluate the
suitability of each land use, and to establish an optimal land use system.

To achieve these purpose, two researches with different scales were
conducted. One is the research at macro scale study. Land system composed by
landform, soil and geology was classified into homogeneous land units to characterize
the land system of humid tropical lowland in this scale. The other is at micro scale
study. Spatial relationship between land system and land use was recognized, and
land potential productivity was evaluated by each land system unit. Finally, the

method to establish sustainable land use system was presented.

1. Land system classification, land use/cover and its change in South Thailand

The objective of this study is making the land system map as a base map for a
land use planning in humid tropics. Peninsular Thai was selected, where typical land
system of humid tropics are found continually from mountain to coast. Relationship
between land system and land use/cover derived from remote sensing imagery and its
temporal change were recognized
(1) Land svstem and land use/cover classifications

To classify land system units, the study area was divided into cells sized 30

seconds by 30 second rectangular. Land system types were extracted by combining the




factors of geology, land form and soils. These factors and cells were ordinated by

correspondence analysis and classified by cluster analysis. In results, the study area

was classified into six homogenous units as i) mountain/hill-igneous rocks-Slop
complex type, ii) foot slope-igneous rocks/conglomerated clastic rocks-Udults, iii)
high upland-conglomerated clastic rocks-Ultisols, iv) middle upland- conglomerated
clastic rocks-Ultisols/ Aquults, v) low upland-conglomerated or semi conglomerated
clastic rocks-Aquults, vi) coastal lowland-quaternary deposits-Aquents/Humods/
Fibrists. These units were represented the sequential change from mountain
environment to coastal one.

Based on this classification map, the difference of land cover/use patterns and
their changes from 1970s to 1980s, which were calculated by Landsat MSS imagery,
was compared by each land system unit. Land cover and its change were significantly
related to land system types. Remote sensing imageries were classified into six units
using ISODATA method. Each units was translated as forest with high biomass, forest
with low biomass, grass land, bare land, water area, and clouds.

(2) Relationship between land system and land use/cover, and its temporal changes

Relationship between land system and land use/cover, and its temporal

change patterns were recognized by overlay method. In results, there was significant
relation in both terms. Especially, forest area were related with the land system types
as mountain/hill and foot slope. Diversity of land use/cover changes was calculated
by Pielou’s evenness index. In results, changing diversity was higher in lowland land
system types than in mountain type. Land use/cover type of forest with high biomass
was decreased more in upland and lowland types than mountain type

Land potential productivity by each land svstem type was estimated by
accumulated NDVI (Normalized Vegetation Index) calculated with NOAA/AHVRR
In results, this value was decreased graduently from mountain lowland, and was the
lowest at coastal land system types.

I concluded that it was necessary to focus on land use system in the land
system types as foot slope and lowland, where land use/cover was changed more than

the other:

types, and to re-evaluate or improve the potential productivity at coastal



lowland area, where accumulated NDVI was the lowest

2. Land system characteristics and evaluation of potential productivity in regional scale
To investigate the results in the macro scale studies above mentioned, micro
scale study site was selected at the Bacho swamp and its surroundings, in the
Narathiwat Province, Southern Thailand, where typical land system types are found
continually and compactly. Tropical land systems are originally fragile. In the most
case, soils are major limiting factor. To achieve the sound land use planning, it is the
first step to recognize the land system characteristics based on physical properties as
landform and soil. At the second, evaluation of land potential productivity for recent
land use types was estimated.
(1) Recognition of land system characteristics based on landform and soil

The transectional approach from mountain area to coastal area was taken to
know the variety and the relationship of land system attributes, in particular, landform
and soil. Landform types were classified by aerial photographs and field surveys. Soil
types were classified along Soil Taxonomy by soil profilings. In results, study area was
classified along the survey line into seven land units, namely, 1) convex middle slopes-
Slope complex, ii) foot slope-Udults, iii) low upland-Aquults, iv) high upland-Udults,
v) lowland swamp-Fibrists, vi) offshore bars-Orthods/Humods, and vii) Beach
Ridges-Psamments. The spatial landform-soil catena was found in order of presented
types.

Detailed soil surveys were conducted in coastal lowland as offshore bars and
peat swamps, where land potential productivity calculated from accumulated NDVI
was the lowest. In results, soil profile variations reflecting the difference of the
formation times were found at these land system types located on strand coastal plain
The amount of pyrite included in marine clay sub-soil was more contented in latter
formed peat swamp. Spodic horizon found at sub-soil on offshore bars was more
developed in inner ones than outer ones
(2) Evaluation of land potential productivity by each land system type

To avoid the land de;

radation caused by over-use, it is necessary to recognize

potential land productivity and establish the suitable land use system along the




potentials. Optimizing the land use system is needed for sustainable biological
products in a regional scale. The objective of this study is to recognize potential land
productivity in relation with catenary sequence of land form and soils in coastal area,
Peninsular Thailand. Three land use types were selected as follows for the evaluation
of land potential productivity in the result of the combination between landform-soil

types and land use types. i) Rubber plantations, which are widely spread on foot

opes and high uplands: i1) Melalex uputi, which is used by making charcoal and

grows on peat swamp with low pH and offshore bars: iii) home garden species, which
were composed by tropical fruit trees providing the useful products for daily uses,
and located on foot slopes and one on offshore bars.

The results are as follows. i) Growing size of rubber trees for 10 years was the

highest on foot slopes among the sequence from hill tops to foot slopes and high

uplands. ii) Ecological carrying

capacity of M. cajuputi was the highest in thick peat
swamps among others with different peat depth and offshore bars. iii) Both species
diversity of tree layer and vertical structure of valuable trees in home gardens were
higher on foot slopes and high uplands than on offshore bars. However, species
diversity of shrub layer was high in all land system types. This means that home
garden shrub trees are selected by local people and suitable for each land system types

Based on these results, land potential productivity of humid tropical land
system was evaluated synthetically. Considered land use possibility, foot slopes and
high uplands had high potentials and high productivity for rubber and orchard
plantations with high economical values. Other land system types had low possibility,
but they had high productivity for land uses, which are suitable for each land system

igher productivity for A puti forests

characteristics. Especially, peat swamps had |

Offshore bars was evaluated that bio al productivity was lower in both macro and

micro studies. But it will be possible for this land system to be able to keep high

potential if this type is used by unique home garden species.

3. Establishing land use system in humid

Based on the results from characterizing land system by landform and soil in

humid tropic lowlands, | concluded that i) peat swamp as a fragile land system type to




human activities, and ii) offshore bars as a land syste

ve with low productiv

were derived

There are many problems in traditional methoc

and potential

productivity. For example, the FAO land evaluation method is evaluated by a just

specific land use type with high economic value, and can not present alternatives. A
matrix method presented here is to establish one alternative land use system. In this
method, the matrix of land system types and land use types is used for deriving a

suitable land use type to specific land system types, and a optimal a land system to

maximize the productivity for specific land use types, Selecting the appropriate land

use types, and evaluating from various angles might be needed for potential land

productivity evaluation in a regional scale, which is the complex of diverse landform-

soil




SEXW

Arrhenius, O. (1921): Species and area. Journal of Ecology 19, 95-99.

Becker, B. (1995). Indicator plants for sustainability assessment of tropical agricultural
production systems. Angei Botanik 69, 145-151

Brinkman, W. J. and Xuan, V. T. (1991): Me
tree for acid sulphate soils and some other poor environments. The International

Tree Crops Journal 6, 261-274.

140

ca l

endron, a useful and versatile

Brookfield, H. and Byron, Y. (1990): Deforestation and timber extraction in Borneo and

the Malay Peninsular — the record since 1965. Global Environmental Change 1, 42-56
Brown, B. ], Hanson, M. H., Liverman, D. M. and Merideth Jr,, R. W. (1987). Global

sustainability -towards definition. Environmental Management 11, 713-719
Chakranon, B, Sitthibuth, C,, Jongskul, A., Eiamoon, P and Vijarmsorn, P. (1995):

Subsidence of organic soil (Narathiwat series) in swamp area Narathiwat Province,

In Department of Land Development, Thailand eds. Proceeding of the 3rd annual
technical conference of Department of Land Development, 421-432.

Conway, G. R. (1983). Agroecosystem analysis. Imperial College of Scienceand
Technology, London

Dent, F. |. (1980): Major production systems and soil-related constraints in southeast
Asia, In IRRI edt, Soil-related constraints to food production in the tropics, pp. 79-106.
IRRI, Los Banos.

Dijkerman, J. K. and Miedema, R. (1988): An Ustult-Aquult-Tropept catena in Sierra
Leone, West Africa | -haracteristics, genesis and classification. Geoderma 42, 1-27.
Dumanski, J., Eswaran, H., Pushparjah, E. and Smyth, A. (1991): Evaluation for
sustainable land management in developing world Vol. 1 -towards the
development of an international framework. Bangkok, Thailand. [BSRAM

Proceedings 12, 81pp.

FAO (1976): A framework for land evaluation. Soils B:

1 32, Food and Agricultural
Organization of the United Nations, Rome.

FAO (1995): Forest resources assessment 1990 — global synthesis. FAO Forestry Paper
124, p.ix and Annex 1, pp. 18-21

Farshad, A and Zinck, . A. (1993

ems and Environment 47, 1-12.

Seeking agricultural sustainability. Agriculfur

D. (1975): Competition and stand structure

n some even-aged plant
monocultures. Journal of Ecology 63, 311-333
Forman, R. T. T. (1989). Ecologically sustainable landscape -the role of spatial

configuration. In Zonneveld L S. and Forman, R. T. T. eds., Changing Lanidscape, p




261-27!

Springer-Verlag, New York
Francis, C. A. and Youngberg, G. (1990). Sustainable agriculture -an overview. In

Francis, C. A, Flora, C. B. and King, L. D. eds, Sustain

agriculture in temperate
zones, p. 1-23. John Wily & Sons, New York.
Geological Survey Division (1979): Ge:

logical map of Thailand 1:250000, Bangkok: Royal
Thai Survey Department.

Gillespie, A. R, Knudson, D. M. and Geilfus, F. (1993). The structure of four home
gardens in the Peten, Guatemala. Ag) s 24, 157-170.

Gips, T. (1984). What is sustainable agriculture? Manna July

oforestry Sys

August.
Gliessman, S. R. (1990a). Agroecology - researching the ecological basis for sustainable
agriculture. [n Gliessman, S. R. ed, Agroe

gy, p.3-10. Springer-Verlag, New York.

Gliessman, S. R. (1990b). Integrating trees into agriculture - the home garden
agroecosystem as an example of agroforestry in the tropics. In Gliessman, S. R. ed,
Agroecology, p.160-168. Springer-Verlag, New York.

Gliessman, S. R. (1990c¢). QLmnlif}ing the agroecological component of sustainable
agriculture- a goal. In Gliessman, S. R. ed, Agroecology, p.366-370. Springer-Verlag,
New York.

Grainger, A. (1993); Controlling Tropical Deforestation. Earthscan, London, 310pp.

Graham-Tomasi, T. (1991). Sustainability - concepts and implications for agricultural
research policy. In Pardey, P. G., Roseboom, J. and Anderson, |. R. eds, Agricultural
research policy, p. 81-102. ISNAR, Cambridge Unidersity Press, Cambridge.

Hill, M. O. (1974): Correspondence analysis — a neglected multivariate method. Applied
Statistics 23, 340-354.

Holling, C. S. (1973): Resilience and stability of ecological systems. Annual Review of
Ecological Systems 4, 1-23.

Host, G. E,, Polzer, P. L., Mladenoff, D. ]., White, M. A. and Crow, T. R. (1996): A
quantitative approach to developing regional ecosystem classifications. Ecological
\pplication 6, 608-618

Hubert, N., van Lier, and (1994). S
and New York

W AR N A

{ use planming. Elsevier, Amsterdam

(1985): (1 2R 37 i - ) ) ki)

7pp.

IDRC (International Development Research Centre, 1992): Our bowl -global
food interdependence. IDRC, Ottawa, 63pp.

LT (1999) itz Ly 7o B Jr BT

Ll 5t 80,
52-58

Johnson, A. K. L. and Cramb, R. A. (1996): Integrated land evaluation to generate risk-
efficient land-use options in a coastal catchment. Agricultural Systents 50, 287-305

IS (1995): BArHiH—

=

BT, Fil &

e SRR Oz O




- dwE e, TR

it 316pp.

Koudokpon, V., Brouwers, M. N. and Budelman, A. (1994). Priority setting in research
for sustainable land use - the case of the Adja plateau, Benin. Agrofore
26, 101-122

AMG—HI (1983): 3

FOARIT 3

T 20,492-511

AW (1984): T8

SREW No. 3. |

Ui, ppl24.
Lal, R, Ghuman, B. and Shearer, W. (1990): Sustainability of different agricultural

production systems for a rainforest zone of scuthern Nigeria. 14th

national
Congress of Soil Science, Kyoto, Japan, VI, pp. 186-191

Liverman, D. M., Hanson, M. E,, Brown, B. J. and Merideth Jr, R. W. (1988). Global

ment 12, 133-143.

Lockeretz, W. (1990). Major issues confronting sustainable agriculture. In Francis, C. A,

ones, p. 423-438

sustainability - towards management. Environmental Manag

Flora, C. B. and King, L. D. eds., Sustainable ag
John Wily & Sons, New York
MIETELD « JFELEY) « FURIOP - Folfik - REHLDS - ANIFAT 70 (1981): THbIB-Fdei) .

riculture in tempe

67pp.

K (1983): FERT I HIZE L & vig e BRE. Sy 28, 21-26

(1995) : Mk - B

¥ - Y -

pp. 146- 170, Wi

Matsumoto, E. and Watanabe, T, (1986): Site condition and formation of white sand in
s6,1-13

Northeast Brazil. Latin Am

Meertens, H. C. C,, ), L. O. and Stoop, W. A. (1995). Farming systems dynamics,

impactof increasing population density and the availability of land resources on
changes in agricultural svstems - the case of Sukumaland, Tanzania. Agr

56, 203

1#<F Y (1990) Rt o BT

282pp
Mohler, C. L., Marks, P. L. and Sprugel, D. G. (1978): Stand structure and allometry of

trees during self-thinning of pure stands. Journal of Ecologu 66, 599-614




Narathiwat Provincial Statistical Office (1994): Statistical reports of Changioat Narathioat
— 1994 edition. National Statistical Office, Office of the Prime Minister, Bangkok
92pp

HEUYE—- b2 THE

(1992) TRMYUE— bt >4, 312pp, HAM
Wigs

BHOKRE L 2R

B HEGHE

50, 39pp

KRG - RNFIE (1997): 71

LR S B8

DACERIRIH & 13 534

L 60, 507-510.

Osaki, M., Sittibush, C. and Nuyim, T. (1995): Nutritional characteristics of plants
growth in peat and acid sulfate soils distributed in Thailand and Malaysia. In
Vijamsomn, P., Suzuki, K., Kyuma, K., Wada, E., Nagano, T. and Takai, Y. eds, A
tropical s

p forest ecosust

University of Agriculture, Tokyo

em and its greemhouse gas emission, 63-76pp. Tokyo

Otzen, U. (1993). Reflections on the principles of sustainable agricultural development

Environmental Conservation 20, 310-316.

Pickett, S. T. A, Kolasa, |., Armesto, J. & Collins, S. (1989): The ecological concept of
disturbance and its expression at various hierarchical levels. Oikos 54, 129-136.

Pielou, E. C. (1966) Shannon’s formula as a measure of specific diversity - its use and
misuse, American Naturalist 100, 463-465.

Pimm, S. L. (1984): The complexity and stability of ecosystems. Nature 307, 321-326.

Rossiter, D, G. (1996): A theoretical framework for land evaluation. Geoderma 72, 165-
190.

Royal Thai Survey Department (1986): 1:50.000 scale topographic i

Royal Thai Survey
Department, Bangkok.

Sakurai, K., Kozasa, S., Yuasa, T., Purivakorn, B, Preechapanya, P., Tanpibal, V.,
Muangnil, K. and Prachaiyo, B. (1996): Changes in soil properties after land
degradation associated with various human activities in Thailand. Soil Science
Plant Nutrition 42, 81-92

Sanchez, P. A. and Buol, S. W. (1975): Soils of the tropics and the world food crisis.
Science 188, 598-603.

Sennhauser, E. B. (1991): The concept of stability in connection with the gallery forests

of the Chaco region. Vegetatio 94, 1-13
FUETZ (1981): Mg, Brie - oy « g f « (s « BERLS - ) FF A
i ¥ p. 388, LI,

Skole, D. L. and Tucker, C. J. (1993): Toropical deforestation and habitat fragmentation




in the Amazon — satellite date from 1978 to 1988. S 260, 1905-1910.

Skole, D. L., Chomentowski, W

,Salas, W. H. and Nobre, A. D. (1994): Physical and
human dimensions of deforestation in Amazonia. Bios 44, 314322

Smith, N. |. H,, Fik, T. |, Alvim, P. de T., Falesi, I. C. and Serrao, E. A. S. (1995)
Agroforestry developments and potential in the brazilian amazon. Land Degradar

Degradation
litation 6, 251-263

&

Smyth, A. J. and Dumanski, J. (1995): A framework for evaluating sustainable land
management. Canadian Jorurnal of Soil Science 75, 401-406.

Soil Survey Division (1975): De

{ reconnaissance soil of Narath

Province series No

Soil Survey Division, Bangkok
Stewart, B. A,, Lal, R, El-Swaify, S. A. and Eswaran, H. (1990): Sustaining the soil

resource base of an expanding world agriculture. 14

sress of Soil
gress of Soil

International Cony
Science, Kyoto, Japan, VI, pp. 186-191.
Swaminathan, M. S. (1991). Sustainable agricultural systems and food security. Outlook

on Agriculture 20, 241-249

Syers, ]. K., Hamblin, A. and Pushparajah, E. (1995): Indicators and thresholds of the
evaluation of sustainable land management: Canadian Jorrn
428

Science 75, 423-

Syers, J. K., Lingard, J., Pieri, C, Ezcurra, E. and Faure, G. (1996): Sustainable land
management for the semiarid and sub-humid tropics. Ambio 25, 484-491

Tabora Jr., P. C. (1991). Analysis and evaluation of agroforesty as an alternative
environmental design in the Philippines, Agroforestry Systems 14, 39-63.

VLA + f R - g

ME - FIRBE/N Y — 2 S OBIEERE. BUSHTHFFE &SR 11, 69-74

SINRIE (1976)

ik Wi 5, 1-60.
HAHIE (1982)
RINEE (1991)
ENFIE (199) O o H
f 14, 3-6
HH{ZH (1981) ¥ ei- 4 e &V~ s - B - B A T L]
FEERFIL) |, p. 103, —F1 M5, 4050
(1997) DL Mg, |
i, (IR
HEHZE - X W- T &, 4

257pp.



Irenbath, B. R, Conway, G. R. and Craig, I. A. (1990). Threats to sustainability in

intensified agricultural systems - analysis and implications for management
Gliessman, S. R. ed., Agr logy, p.337-365. Springer-Verlag

Tumer, R. K. (1988). Sustainable ewvirom

New York

I management -principles and practics.
Belhaven Press, London
BRI (1987) et HORCRF M S, ¥, 124pp

Wik (1994): b

, 270pp.

UN,, Depertment for Policy Coordination and Sustainable Development (1996)

Indicators of sustai

rent -methodology sheets, 367pp.

UNEP and ISRIC (1990): World »

n status of hu

t-induced s

dation. Boom-

Ruygrok, Haarlem

Van Ranst, E, Tang, H., Groenemans, R. and Sinthurahat, S. (1996): Application of
fuzzy logic to land suitability for rubber production in peninsular Thailand
Geoderma 70, 1-20

WCED (World Commission on Environment and Development) (1987). Our Commnion
Future -the Brundland Report. Oxford University Press, Oxford

Whitmore, T. C. (1984): Tropical rain forests of the far east, 2 ed. Clarendon Press, Oxford

Witwer, S. H. (1978). The next generation of agricultural research. Science 199, 375.

Wood, W. B. (1990): Tropical deforestation ~balancing regional dev elopment demands
and global environmental concerns. Global Environmental Change 1, 23-41.

World Resources Institute, United Nations Environment Programme, United Nations

Development Programme and The World Bank (1997): World Resources 1996-97 — a

guide to the global environment. (f19A.ZilfE (1997): [ ¥ & BT 1996-

971 . WL, YOI, 368pp.)

AARAZE (1994): RO L —ZOREE

T Dk

EMEzEAMELT B s T

i pp160

A. (1975): Rural land evaluation, lii ]. A. Dawson and J. C. Doormkamp eds

wn erironment, pp. 5-

3, Armold, London

Zinck, J. A. and Farshad, A. (1995): Issues of sustainability and sustainable land

management. Canadian Journal of Soil Science 75, 407-412

Zonneveld, I S. (1988): Basic principles of land evaluation using n and other

land attributes. In Kuchler, A. W. and Zonneveld, | S. eds,, |
49¢

pping, pp

17, Kluwer Academic Publishers, Dordrecht







HHELED 537 & N 7 IRtk 51 3 AT O FiFE B4 2%

KA &R &
o B A B

Recruitment of Arbor Species in highly Fragmented Secondary Forests

Satoru Omkuso
Kazuhiro Karon

TR 6 4E 3 A
EEMERESTEE S FHRM

Reprinted from Zoen-zasshi, Journal of the
Japanese Institute of Landscape Architects
VOL. 57 No. 5
MAR. 1994







I C & I

FF2TR, FLEAOTHEREEARLTILOE, PLABIWORSERRBLLTFL 2L
TNELWCEE - BE - AHEETEOASTARSLLTNTARFICMEL TV 3. XBIROFR
REeTR. DRESTREETL(FRIORHERS, NSV TERET-TV I, SPERTE
HRASHOFRERZOTH SRRELEC. FERLTREORALAMEENL L, @-nsoRmEsE
OBAEIILRIERBLAILOY, S0 [BEMEVISTHS, HRRANTE (12)! TH3. <0
FERERIBI VL) BOLBRINSRE CREENEZEMILLY,

L8, FRABEBVSOLRLRTRS FA 6B ETPAHERY, BFIENEZTORHUM
WEHE, AEREEETSESALLOTHE,

o 46 KRERLSCCELSRANBOL £ LRBSICL i b STNANICRIBERL TV
FEOATEZICEN(ERORERT S L bR, FMXY, bIEORMPORRERT 5222y
RS taTES,

ek 643 A28
Hi#k A B FiEEES

t
®MzEAE B W —
BARARXBHITRASEAL B ok 5

WIREREREEMZER (5 0 HMEH)

WA R- (B ¥ 8 84 & X M) #8 @ (T XA $ 8= 583
WiE—® (it & 8 XA ¥R 2 &) & -8

Bt & (ARMRETEATESR) WA (ABERXIATRER)
B BE (R E =W E M A P) WE &£ (FTXAFEE= %2 8)
BIWF (X X X 2 R 2 8) #F AR (X B X £ R % 8)
#* B (RHAESREMAGAERF) B L (T R A 2 8 = 2 3)
GE M (BB &Lt X ¥ X FH) OB A (R2ATRAKIZE)
PEWE (G M X F R ¥ E) WIRF (2 M B & F % W)
BHEX (W & X ¥ R ¥ ) H B (FREAIICBHFRMA)
BE 2% (ARNIXZARZE) M- (REMBKXEAITE)
MHERF (F X X £ B = ¢ &) 0B XF

B R (BEXXZRAREZE) 28 WL (% % A ¥ B 2 )




(@S- £

(F % X » B £ 5 W)
(W & K % B ¥ @)
(B " X % B ¥ ®)
(fF # X ¥ B % #)
(Ol 7B ¥ K ¥R ¥E)
(R R X # T % #)

CH & & « &+ 5 =)
(KREMAKEEWEE)
(KR EH K ZH*8)
(F % kK % @ = ¥ &)
(KR BRREXZRY®)
(& # X ¥ B ¥ &)
(/B K 2 = K ¥ R)
(R W X % B ¥ #)
(RRBREREEMAEH)
(RRBREAXZEMRER)
(B W x % B ¥ #)
(F % X 2 8 = 2 &)
( EBATTRR: IR - RUPIETIZA )
(RBEEHLZHRRESHFS)
(# 5 B % K% 8B ¥8H)
(F B EK¥RFH)
(B % X % B W EF®)
(KRR I XXFTE¥H®)
(% #® X % B % %)
(F I kX ¥ B ¥ %)

(F % X % B = % 8)
(F % K ¥ @ & % %)
(F % X ¥ B % % 8)

(B E ¥ X ko x &)
CBHOKESREREHFB R )
(E R B A% B ¥ #)
(R 8 X % B ¥ #)
(KRS RER S WO )

E
BE

TH

EUMERELTE

TE

B

A

IEX

SIS

e
il

U]
7Kl

i)

=
B
IEfE

T
e B

HE
e
HE
Al

#®
AF
7
ES

AR

23
HE
iz
HH

RE
=

IEW
oE

(B RXFBRFH)
(" K % B % %)
(P & #H T # X %)
(B W K * B % #)
(KB A KB ES)
(KB F I K¥R¥H)
(W ® kK % B % #)
(BF X¥EMHKXEH)
(X " K £ B ¥ #)
(K B W & X ¥ 8B ¥8)
(EmaxXftsift > —)
(AMERTHRESHIES)
(M5B KRS BR¥EB)
(B & K% 8B &E ¥ 8)
(F % K ¥ 8 % ¥ 8)
(F % K 2 B = % 8)
(HERFi®HENAE)
(@ 3 ® % ® £ W)
(R BEKRKERFER)
(F % K # B £ ¥ &)
(B B *= & 8 X #)
(B & K% BWKE¥H)
(F % K 2 B = ¥ 8)
(F % X # W £ % #)
(R % KA ¥MRET¥H)
(ZFR XK FEMNAF)
(K B i A¥ B ¥ %)
("R B8 X ¥ B % #®)
(H B XER¥S)
(# ® ok ¥ B ¥ #)
(K BRI K ¥ B ¥ #)

3 » 7 & BB K &)

(F ® A % B 2 2 #)

(" ® X % B % #)
* # R ¥




£ &)
X %)
£ %)
BE¥E)
B ¥ ®)
¥ 8)
xE®)
¥ 8)
e ¥ &)
7 X =)
WIFdE)
B E M)
E ¥ 8)
¥ &)
* &)
mK$)
£ W)
B’ ¥ )
£ o)
K #)
E ¥ #)

LA

Lol

£ F )
T ##)
WK E)
2 ¥®8)

¥ ®)
BRE®)

¥ ®)
B % &)
x H)
2 %)
% %)
z ®)

LA}

WML 57 (5) - 205-210. 1994

HihESos s h - —Rikic B T 2 BABORFICET 30F%

AA&® L
m B & A

Recruitment of Arbor Species in highly Fragmented Secondary Forests

Satoru O
Kazuhiro Kamon

WE - FRHOWIKE LTORES SN, nom;:x-.tm AMHEATHSEH AR MES KT

DDA, LS

ELf. TWINSPANREE

BT 3pic, SEISMETORER

AMLLEE, HREENRTTI0R " KROAERS

MEENEHTSY, Bl SONELRNEXNONEMBICE - THESATV S Lotbdr, LUk

ZLBABOL

A Xt 5, y’ur. RU475, £/

1. REBE

hYEOREBNS SHENTHICE ST 32Kk
THEITHT/HPIF MR EMNLERE T
PR & 5 SRR b L ITHRF S TR
HTHE (RES, 1976) Lo LEFLOREICL-
T, EOMMREMKDLTVE, HHE LTOM
MAMETL, B bOk>LTLRRZEREATY
St s D,

WHE W ABNEEC L > THEOTRBREICHT
ShTEATRHR, FRARES NS L TR
fitd, &9 LEEE20T, HREECHAEST
£o0P (Wi 1088)", HEWWEEOR(LIEE
Lzt (B, 19608+ AR, 190" N EH5
3. BHEBCROHCRET 3-KHE, ot
FR L - THREATED, BAS»COREER
3, TALMATHGHEEC LB L, TEHOMTO
MEVSMENI T, SHEMOERIIATL
%35 (McClanahan, 1986)". COA% TS LR
TR, SHENMONEREHERRShTG NS
L. COEIHERBEHFS (192" 2. —KHE
RERC 5 3 HATED— ZRA. WENIMO
APHBOS L) EMTFORBERL TERT I
ERATLS, COL5 CHBSNRET S8 E
VTR, @480 SRETEOSLST, WA,
FRIERGT SWHNERANCE L L NETIHEO
WEFRELREENG, TOLHIER, REOHHE
HEERTOIRREH SHicT 3T LHBBEE NS,
WHOREINA—ARTR, AFicLsRERON

el ARLL

L ZWHGC G B 1D, BFHROBRICLSE
WL En S, WTR HAL S ERADTL S OH
*En3,
ML TR, BT S OB R E DR ﬁtt
NEPFOMEMBISELENS (McClanahan and
Wolfe. 1983)"; 2D H#HMRAORRIL-T
WFEE LB MAMOMMLD ERE L, WHIMEE
DEEOMIMBRBE & bichT 3BBOMAT IHF
% (Vitousek and Walker, 1889)". Wiz&h 28
oL, HF5 (1992)" 0L5CHFEO LOTE
Z3A# %30, McClanahan and Wolfe (1993)®
DO &3 ME S W ETFOMER S REOMIERIE
KRECRLEBILLH0B5, FRIBEE RO
EHOBBERLZ LT, BEOWERICHET 3RA
WOREEHWLT 30N BYTHE. £ TERET
2, BTEBRCKRTT S EE—RHOBINLRR
%, BAHOWRERCYBAD SEET ST LER31
KGR THMAICIER LR E LTRER (1989)7
BB CHEHETEORSLICRNLEGOT
&0, FFRO LS LHHEOFHOEELRI LY
L ESTD TR
FEARRENS T LTRES SOERHRINES
& FRENET ETABD SOBRERI S 20,
ROPEARSVTRILE, DEESATUIRA
WOMERIEMNLEREEOP, $5L5, TOR
EROHMOANL LOPRNL LR, 2 )BESH
TOIHAME. FERANZMRT STRLEHSID
. THSOMBERNT S0, BURMIHEOR




0 500
—

gu 7

1000 1500m & 47

ey
0 v

H-1 W

SIS 2 WHOBHIICE VT, BAMORER
Utk oMk ET SER LRI L, 51
FREELOELH RS SWAMBEOY 1 X2HE
IHREEL, 4 X HEHKT 5 C & THARORER
UHBABRED 5 3 HBE~OERRR LR L1

2. BESRURE - BT

WERFRTESO, REFalLicAET 37—
XRIGTFERRE L (- 1), $HMEERYT 3
T, @lehE <, HBOBENARETRATVS
0P, HEFESNTOTEENBES TV 38
ROz BRSBTS 8- T BAGHRC
SoTHMENTUS bR, MENSDRIE 12701

: e,

T1haklbd 3 WEAEFRT .

iz, #ELSmETORERUCHRAEZIRE L1,

WERNOHRBEEN S QTTNE ST 2 R
L7 EEERICED SMARROMBENS 12
i, HREERELECHERK EHAMOBE LY
TWINSPAN (Two Way Indicator Species Analy-
sis ; Hill. 1979)° AV T 7%, TWINSPAN,
FEEOEVRERVEOMRMOSRFED—DTH
% (Gauch, 1982)% Wi, HBM\AEME, 0. 1.
2854, 5550, 10A519, 20[\ENLE 6 B8
KR EDTHE 210

ELFROZRHOTMABRRE TR L VEIcoVT
@, RROWAM - WHABORVHIET 2£4:5 3
BESERH L.

3oL WHD3, 12,
stz BticzoBhEEEATOS, RIcRS
N3LS 0, SWHBRERHEhTV S, M Gk
RET-5) kB L, HRELIZRHOREOME
Wi, AR > 5 A L (RmER
EMEM=43%), KVWTTA=TY (10%) 22+
(99). ¥<¥735 (6%), #75 (6%), /4
(5%) TH5. WHARIET L/ + @5 L (57%),
ar5 (%), Y297 (T%), TA~F (6%)
Zhick<o EARc bz T/ +H5EBEL (57%), ¥
SHY (1% £/% (5%) DTS5,
BEHMICBOT, 3 x3MOHHREMI AR
Bl BEARCEVT, BRCEDBLHMENR
2, —o0@EIH LT, MEE2ORTEES lm
BTTRE LIRS L, SIOFEoRARRAITETS

:: Nick - THRS M E&MEN O HEE
Téie, BRAHOELERV SISO MERRELET
HESHOL TR, MM, MMOHBETE -
o

3. R

WEK VW TMOBAMATR S 11z (F— 1)
# X3 EFBERMTH B4, KREOBT 92X 3
EFEORUBEMTE - 10729, FPHRTEF 95X
IEFIEEHTIZI EFMEEML 2, WEXE.
TWINSPANIR & DR T ¥ =T i2 s i, @
FXIEFHEA Z Y FOUBIPHRT, 52X
EFROBEMVEHTEOI V-, DAXIEFH
AR FOHBNGHT, 245, 47 574LET 5
IN=F, @z FHHAL, & 52355 DEEEH

J.JILA 57(5). 1994




]
2]

ERRELLE.
EPET LR
REES P
MomEtE
secies Analy-
VINSPAN i3,
FEO—2TH
#E 0, 1,
Uk, @68

SVHioLT
STamnss

R
B E T
DILMEE T »

Uz ('’-1)
FTHORRXI
fTREORX
o MEXE,
#szht. @
EHRAX
bAXIEFH
IR B
-5 Okt

7(5), 1994

-1 WERCRES LTHRUCEAE. BREESNIVBELTO. F4/+(n=1), 41X7F(n=2),

X/ H(N=2), FHAHLD(n=3), Fr*(n=4) REJROKFTMSHER LI,

4 Fh

b3 acutissima QUAC i 5749
Castania crenata CACR 16 lZ 36+3.1 1.5 7.4
Wi Cornus controversa COCo 33 24 40+29 09 13.7
37" Magnolia kobus MAKO 38 25 39+22 14 95
' Cryptomeria japonica CRIA 43 12 75+62 11 268
% Chamaecyparis obtusa CHOB 47 20 96+71 18 221
i Prunus. PRIA 54 34 37+44 03 123
9932°#°97  Prunus grayana PRGR 81 42 Bz 05 146
Yk Aphananthe aspera APAS 100 54 3.1+25 03 133
A7 Carupinus tschonoskii CATS 109 40 52+55 05 172
08 ek Neolitsea sericea NESE 129 41 =18 L1 399
TN llex macropoda ILMA 172 7 59+59 06 271
33 /% Styrax japonica STIA 177 62 35+22 07 429
7 Chamaecypanis pisifera CHPI 181 35 80=65 13 243
1297 Clethra barbinervis CLBA 202 27 45443 07 197
7 Quercus serrata QUSE 293 68 1.7+08 0.7 48
/% Celus smensts CESI 35 76 2015 04 105
W PR Ligustrum spp. LIGU 343 74 2616 04 237
Pt liid ercus ia QUMY 539 94 70=64 10 954

*  HRETIMHEAICERBAORVCEETT,

= BONEHSBHMIC LARBASLSVEEST (X742 BHl6, 81 o E : HHMI)

T8 7 A T

1A.18,1C,2P, 20, 2R, 25

QUSE 3C. 48, 511, 5-1J, 51K 5-1L
51M, 51N, 510, w-. 510

53N, 7D, 7E, 7F,

oA 16a. 168, 160, 160

30,517, Peeney

51V,
5:« DT 1.n,m fon 108
190,108, 40r, 18110
m, 128,138, 16E. 16F

4C. 4D, 4E. 4F 4G, 51W
10G, 154

Rﬂ“'&’knﬁ‘
BH, 81, 10K, 101, 10J, 12C
ua,uc,‘ln.mvm,ﬂe

2U, 3. 3F, 68, 6C, 6D, 6E
6F BG, 7M. 8J, 8K 9A 98
¢, 14D

E-2 TWINSPANICS 3WEES0SM. WL
EROYFRABHEFSERT. &
FEHRD 4 XFI— KRSROIERIC - 1o

HEXDLT (23— FEOLTIRE—1E8R).

ZOWIN=7, D=/ FHHET SRCHREEYOS
WHARWI =T, ©) 29 T OMFAGE 7 L~
7, @35 h v RV o ¥ EOHEIERL S N—T,
Dy 35 h v DEEEIEHTEWIV—F (@ 2).
—oORHMNOBERR, ThEThE—sEUED
‘WO =TGRS hBAEAS S, ThRRD
CEHFREEL SN,
1) o423 EFOlARA M2 &5 — 3 OMicH
B CORDTIHEFHENL T, TORLOH
HHCZC X I EFRORENR SN BRRIA -7
tEZLNE,
2)8iHH6, 8, 9iciH, BABICEL THERLTL
Byshy (BHMG, 8) LvoyT (MHM0) #F
BT 5, TORHTOSHHMADRER DS < 2,
Yo vEv o Y ENPER SN - T RS R E -
TS, ELEHIBI0OE HFES 358 (K- 1Hho
*0) K2, Y50 YOEBASBERERLTEY.
ZTORDIMAES SBHUNORER RO/ L —T i
WL, #i#FE2, 3914, I5koLTR, ThEho
BHRAORLIC Y 3 ) o 2 BURBBHATET 375,
FhHHTHEEL SN S,
IELBHN A OBERDBLAEN Y 2 9 TOWE
BIM=F B, ThSHERICEANE - BRA
RIBRE L) = 0 75, fOBHBLNEH TSR
SNBLHTHS (N KREF— 5 ; ARG
M=09.4%, U-test p<<0.05)a

EEREEE 57(5). 1994 =




-2 XM SRESHIRAROLRE
MER /- ) O FHEER
R

T _HEA®
FAIETH 340 163 p<0.005
SHSE 117 068 p<0.001
¥R 4.50 136 001

T 96MAX.
YRYeE T ATIOVCIR, WA - AR
DREEHFE SMERX (Yo IRER STHS
: SMER) ERVAL

ERINV-T@EABENEEROS (TR, #
RICT? Xv 2 44 AME L THY, WHHI0, 12, 13,
16THHTHE (MK, KREF—2 ; Ch oI
BHBT XA Y OREER, THENE%, 9%, 08
9%, 45%) - EAEEF L TRIG L OERE (B8 ~10
m) EHFESh TV EAREEY BEst -
fo (EERXEFS5-1R~5-1V : BERKS 1 h OTSHEY=
36, U-test p<0.1 ; RFIEEY =78, U-test p
<0.05)=

FHD YO R AEAIE TS AR HIBY S —
Vi, HTH & OEM EOMERERLIA L, RROBA
- ESARMOWRHEORVIC bREEhE, 2T vic
DUTRERMICHETRED > 1225, WEHIELD
EEARBHOTIHBALTVE (#-2)

TWINSPANK &> THBENL I V=T %, 52
DI TieE LB (FV=TDED: §4T 1, Fv—
T@L@: 5472, Fv=T@: 9473, S=T
@: 9474, FNv—FD: §475)s §4TTED

Y4 AFHEBIETS,

FADIA TEBVTEZ ) +£3F 5041 Xipha
boke ¥ 3% v OEFEMFEHTZV A T 5UAT
& HA ZOKEVY 5 H Y BESFELL, BIAT
T, ¥Y3ALEROVTHEEY 4 XOKEVERZ £/ ¥+
#5TH1 (R—38)

4. K%
OMAMOWFISSZ SA0EH

WS NTOSMAMOKL: R ULhA DM
BAETRE R - 10, TOMRLIZE, #X =78
PYINY, vAFEEVLERO_RHOTAREMN
BHLAOHAERE 5 - 12y ZO72BThEOROR
BASES IS 1o k- T, 2 HEM LD
&oT, WERKRPMENI, HicF LI TFHL, H
B LTHIENTOS b 94 X3 250 50W%H
ETHBLEMS N, TOLS CHEMCEEARS L
THEENATL Y, BUoMSHfish3c il
LLHSATVE GHFES, 198D)Y,

ok 5 féifk: B, W

—208—

TOMNBREOFAELWETEL Y, 2T 7 2 ERLY
&1 50 YROWT 2. TOEMNIRED SWLET &
LTHERTETS 3100, BEMTAMGS IR
EESRV, ERFOMTR, W7 294 H 7. RU
FHEOT BB L > THENE (WEAS, 1976
Kikuzawa, 1988)""; Bihm ol L7 h =y
HERShTOE Y5 h vORELEH L -1 &
A6 (kB E, LHORRIEERTIONTS 5. &
BEIBOTS, B#LBLNGEEDS SHERNEL T
B9 4 XONE WVEEREZS Mo, LbLYy
4 ZOKRS M@K NREHMEESRICH > THIL
2o TSRO SIREAGEA TH O B EOBBIATH
SESNTVWAT L, URRREL D B#YSH i s
D% HEENELSNBH, WTALTFHOMENA
Ve AREOBIENRETS S,

FhvOFER 02T TFORRRBETED,
BEHRINZ T & THHEN S . Debussche ot
al. (1982)" 2, BEBPUALTHIRRLEON
Bty — i3, BHD SOMMERIAT B LI 00—
TEHL ELTVE, TOTEMR, FYAXIEFOR
A 5 O CGEVBHI TS C R S W4 REoR
REEMT B
()FAEOWFEICSA 3HMER

WAMOWT <5 — ¥, Lo &> uEROM,
HWREWBEFOMEME LEETS 3, FH_KHO
AT 2 OHY, RSO TS HiFksh
TUVBLVIFBIROHRR, LEUHTFOMNGEDT
Bk OBHITE B, Ishaki et al. (199" 1££3
&, BRI L THEPR ¢ SR TE 3T,
WFHHHE LT, COTEH S, RREOBAIN
B LTS LalmEiitLTv 2. B0
AR SELLEELSND,

FUEORR & (2, BEMO_KHORHEHT S
T AT RFH, WAEOWT K L THEERE 5 -
TUBEALNG, 7HHORMERICOVTIE, +4
HEMERE LTH S0bhTV3 (Nakashizuka
and Numata, 1982)"

EWHCHES W AEE, WY EEsetDn
Brote COBMELTR, WATOBTOMAIDE
LwI&, RUBMEBRESRELTORVAS, KL
WA S OMTORAIMA SHTVST & (McDon-
nell and Stiles, 1983)" #FX 5H %,

QS NIBAMONTR

WEENHOBEHREES 5 L, ERO_DHO
WA LA S BRERBROR VBB TESL
TLWALEESNE. Koo+ 5 OBAIOBEAT
ET. BREEFBRATL48mTH =7 (F-1),
Matuda (1986)° kB &, Biicbza5 504

J.JILA 57(5), 1994

T

1%

L5

T/
”y'
”
aty

274



vEHvERLD
Eh LTS
Him S histn
LA R
(il &, 1976 ;
EELETHwY
edEL2LES
TOMTH S, F
B SEERELR C
ot LipLY
il - THEL
R OBEIAIR
EhEhotets &
LRROBE

ERBRETHD,

o Debussche et
SEHMEEOH
HEBRIEN—
URXIZFOE
REhiz4EOR

£ BRI,

199" 12 & 3

HTE 34mc,
RROBANE

5%z, HT0

toHEicEH 5
CHFERE S -
DUTR 44
(Nakashizuka

i
EFOWMFLDE
e, Wickd
5T& (McDon-
Be

EROZIKHD
LOBE TR L
ST OMEAE
= (E-1)e
#33+504

57(5), 1994

-3 BAHOY A XAT(MHES 1 TR

Ty 37
2&10.1 1.1 71 IS-&J 2.8-6.0
437 88
2.1.71 1u7 46-1:.9 7996
fpEeey 33 31 U8 12
2353 2240 1431 0931
=t y 18 20 23 76 60
1347 1529 2223 7677 4480
=% 14 15 18 16
1026 1124 1621 0.9-2.5
3% 72 " 29 34
7272 267 3434
” 28 28 22 47
2050 2161 1924 1558
i 1 T T R
1320 1220 1112 14—17 1515
27y 35 33
2247 .U-(S 17Jl 2739
197 &1 s 78 72
3282 62-138 4695 42120
E2 &6 7z 96 38 30
56128 43112 48104 mu.x u-s.s
e 26 30 21

1562 2440 lJ-J.I l7-‘.1 LG-M
. 28

1550 ZJ-—J.I 4.1-91 10, 2-]1 6
8 17

173 92 2 86 135
63132 3045 54104135135
W 34
1945 1758
s 25 25 46 24 24
1438 1840 27-64 21-27 2037
o497 35 18 43
2262 1252 4343
V397" 38 25 39 40
3049 1550 177 3
EHOEELEEL Y g
(AR Che s Lot

FRRUFEZTTA%T, FERRRY/ 947D
HFOREPRF LLBOTROKEIC L 5. BE~D
EWPRILERT ISP/ %, vIAVEL-LH
TH3. MASNTLIEAMIC L » THEXKEHHL
RECHEREE S -2, FXIEFEP Y0 Y EOLH
REZHWRETREVWEEDNS,
FPRTR—IAI S 20 EERHNE LoieE
LTWRG, COMEmMOBEERIRLTE L
bHEN MBS, TORBMERTEEVY, COEEHE
RS N MOBH AR L 56O BEBES
Ars, AEEMICELTE 34

AShTEY (AWS, 1976)", OWRR, v77
LBt A0, RLUDNTVAEZEEFETS, —
He ¥3NvEELEFTIRE FHSHBLELTY
T EETMT S L) UHREWRRRYL S0, 47
FPE/ +RIMOBRAL LTHIRE N bOT,
NSIHERLTHAAEINTVSEELENE, Th
SOMEN TRICEWTRELLER, 0L EMARME
TEELTOL O, BHOE(LAELZION, =2
WTRELAWEVLETE S,
@45 %ROBHIEEREOS D S

FHROBROPH 5, WHHEFED LTRELED
NBHEEEHILELUTOLI IS,
D7 F 5= I/ +15 ERED K OEEMAA,
HEAEHS N TO SR TREEC LB ERRIEEA
ERETRIG, BRT R, RERCHMAOBHEIE
WT o3 h oA BEREEHEO Y4 TTL it
ETOWBED, £/ %, $75DORENKEINA X
ETHEELTVA,
DEHE DURBIFEY, RERVHBAOMEKICAE
RERESATVS, ERTRCEBARNEOFED,
EOBYNIRELL S,
@EHIA I 5 SRRERE DT, 15 UITARE -
AR WA S 5 C &N, B ERSIT S
T&ick-T, ¥3HY, AXIEFH| voyELi-

HHOMAZDEL TV S, TXTEYY
PEETEILR HSYIWAMOMAENET S,
WABOWAZBET 2LV IRA» S, HEMED
WS T L, BUICHEOREET )% L OFREY
PEENLD,

BLOREFROBBYLHEL, TOWRICHEH
HazBohicdaidic, SEELSIMELTEIL
Bhib B,

e

KRRZELHILHL-T, BRALRESHFA
BHIR RANSEERICE, e LAKD OBEEE
VWiEEWR. COREED TREOBER LV,

BERUSI AR
1) Bl - KiRTES (1992) : S RERI<E0 35
E7 72 IMRO_RBY LT H 7y O—FRIEI
LB BAEIRESE 42, 8103,
2) Debussche, M.(1982):Ornithochory and plant
e 5

MEMOEFHTNLOS, F5I2Y 5 RUHTS,
£/ 2RI RES W ARREIEBLTI, ThE0
WHAHED FRIcBLTESLTUC LELSNE,

250 v RARRMICEY 3 MECHREOBSHL Y

AR 57(5), 1904

—209—

orchards : Vegetatio 48, 255—266.

3) Gauch, H. G. (1982) : Multivariate analysis
in community ecology ; Cambridge Univer-
sity Press, Cambridge, pp.297



4) Hill, M. 0.(1979) : TWINSPAN -a FORTRAN
program for arranging multivariate data in
an ordered two-way table by classification

seed source on primary succession in a forest
ecosystem : Vegetatio 65, 175—178.
12) MﬂClmhﬂn. T. R. and Wolfe, R. W. (1993)

ividuals and attri : D
of Ecology and Systematic, Cornell Univer-
sity, New York, pp.60

5) HFHE - SFILAL - FUEHRE (1987) : RREMI= L
THERHRE D HARBE S Wiz Y J2 004
FREICD VT BN 50, 161-166.

6) HFHE + Filidh - FENE (1992) : Mg ic S
BRI D L T G 1

of the i

A ing forest in a frag-
mnﬂted landscape: The role of birds and
perches : Conservation Biology 7, 279—288.

13) McDonnell, M. J. & tiles, E. W.(1983) : The
structural complexity of old field vegeta-
tion and the recruitment of bird-dispersed
plant species : Oecologia 56, 109—116.

K - M 56, 2838,

7) BIRRE (1989) : KM WL SR ST 3
WERERITI TR 9, pp 110,

8) Izhaki, 1., Walton, P. B. & Safriel, U. N.(1981)
:Seed shadows generated by frugivorous
birds in an eastern mediterranean serub :
Journal of Ecology 79, 575—590.

9) Kikuzawa, K. (1988) : Dispersal of Quercus

acorns in & broadleaved decidu-
aus forest. 1. Disappearance : Forest Eco-
logy and Management 25, 1-8.

10) Matuda, K. (1985) : Studies on the early
phase of the regeneration of a konara oak
(Quercus serrata Thumb.) secondary forest
I, The establishment of current-year seedl-
ings on the forest floor : Japan Journal of
Ecology 35, 145—-152.

11) McClanahan, T. R. (1986)

: The eifect of &

Summary : In suburban areas, of

14) i T, & Numata, M. (1982) :
Regeneration process of climax beech forest
with the undergrowth of Sasa :Japan
Journal of Ecology 32, 57—67.

15) BUEM - ibbkiG - BEFHIE (1076) : PO —R
Wik -3+ SHEROE LT  HRETARMH
BHHE 12, 5566,

16) MM (1988) : L2 Y z—¥ s »EEHNE LE
ZRHOUE & T OHFERICHIT BRI
KRIAFACE, B 9% 40, 151211,

17) (LEHRFT - SFlEL - AR (1976) : Bl E0 2

(BAFEE) 20,1733,

18) Vitousek, P. M. & Walker, L. R. (1989) :
Biological invasion by Myrica faya in Ha-
wai'i :Plant demography. nitrogen fixa-
tion, ecosystem effects : Ecological Mono-
graphs 59, 247—265.

forests have become to an important

problem, To estimate the future species composition of tree layer, present species composition
and size distribution of seedlings and saplings of arbor species were investigated in the suburbs
of the Tokorozawa city, Japan. The results are as follows. 1) The species composition were
varied with the distance from parent trees, and the internal factors such as vegetative structures
and understory coverage. 2) Almost individuals of the present canopy species such as Quercus se
rrata and Celtis sinensis were very small (max. = 4.8an), but that of Q. myrsinaefolia, Cham-
aecyparis pisifera, and C. obtusa were comparatively larger. The latter of the results indicates
that Q. myrsinaefolia, C. pisifera, and C. obtusa may dominate under canopy in the future.
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Summary : The objective of this study is to recognize possible succession pattern of secondary forests, and to establish

In the suburbs of the Tokorozawa city, Kanto district, Japan, three quadrats (two 30m x30m quadrats and one 36

d and ab:

y forests

by Pinus and

Quercus serrata. From May 1994 to October 1994, the vegetation strueture, especially woody species was investigated in
each quadrats to analyze spatial pattern of plant distribution.

Many individuals of ever-green species, Quercus myrsinaefolia were found in the seedling,/sapling and shrub layers.
‘This species was thought to grow under closed canopy and to have a lot of opportunity to be dominant in the abandoned
secondary forests in the future. In the other hands, there were some decidouce species, like llex macropoda, Carupinus
tschonoskii and Styrax japonice, found in the herb, shrub and also higher layers. We suggested that such species could
compose the canopy in the pnssmx stage during succession in the secondary forests. It was distinctive characteristic that
anumber of | ized i i f Ch yparis abtusa and Chamaecyparis pisifera, which seem to be regenerated
from the trees planted as the landmark of the land ownership, were found in this study sites.

The spatial distribution of individuals of some species in the secondary forests were not raruiom but clustered. This
patchy structures were very important in thinking of and
restoration of the secondary forests.
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