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composition and forest area of fragmented
lucidophyllous forests in Japan Sea side region
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Abstract

The relationship between species richness, species composition and forest area of fragmented lucidophyllous
forests preserved in the precinets of shrines and temples were studied in two regions (Tsushima and Kyoto) along
the Japan Sea. The number of lucidophyllous species {component species of lucidophyllous forest)had a high posi-
tive correlation with the forest area both in Tsushima and Kyoto. The number of lucidophyllous species per unit
area was higher in Tsushima than in Kyoto. This phenomenon reflects the difference in species richness of the
flora between Tsushima and Kyoto. The lucidophyllous species oceurring in Tsushima and Kyeto were both clas-
sified into three groups by the similarity of distributional pattern with respect to the area decrease. In both re-
gions, the forest floor ferns that prefered suitable soil moisture showed a tendency to be absent in smaller forests,
and the major causes for this were most probably the lack of mesic micro—landforms and the dryness of the soil.
It seemed that the species having high adaptability for climatic and soil conditions were unaffected by the area
decrease.

Key words : fragmented forest, Japan Sea side, lucidophyllous forest, species-area relationship,
species richness.
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Fig. 1. Map showing the locations of the frag-
mented lucidophyllous forests investigated in
Tsushima., Numerals {1~18) correspond to the
locality numbers in Table 1 and Appendix 1.
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Fig. 2. Map showing the locations of the frag-
mented lucidophyllous forests investigated in
Kyoto. Numerals (1~18) correspond to the local-
ity numbers in Table 2 and Appendix 2,
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Table 1. Description of the fragmented lucidophyllous forests investigated in Tsushima, Locality numbers
correspond to the numerals in Fig.1

Locality Locality Area Number of Topography*  Altitude Wi MTCM AP WP DFNC
No. {m')  species range (m)
1 BRI AR s 44000 71 @~® 20-120 1160 3.8 1483 154 0.35
2 MR EE LA 11000 63 QO~®® 20-40 139.7 65 1402 163 0.60
3 BREMERME EREME 700 57 2.0, 20-45 1397 6.5 1402 163 025
4 ESN L E R 5800 52 @.8,® 20-35 1244 4.5 1665 170 0.85
5 BEMRE AT 4700 45 @~@ 20-35 113.0 3.7 1493 161 0.30
] SEHUBNTHOY LAt 4300 53 @.8.® 20-40 1244 45 1665 170 0.20
7 RN ST s 52 @O 10-30 1136 3.8 1403 161 0.70
8 WRTE S AR 3000 47 @ 30-50 1211 4.4 2109 231 0.50
9 LGN RRERA: 2800 50 @~@ 20-35 1244 4.5 1665 170 0.15
10 et T A SE R 2500 41 @.® 40-60 123.1 4.4 1665 170 (.10
11 BERTED Hesgahi: 1800 39 @@ 20-40 113.0 3.7 1493 181 0.35
12 MR Khhlit 1700 37 @@ 20-30 139.7 6.5 1402 163 0.65
13 ST N 1400 33 @0 20-35 113.0 3.7 1493 161 020
14 BTNTHEE Rl 670 38 @0 10-20 1136 3.8 1493 161 0.60
15 BTHT LR F5EE 540 37 @ 20-35 113.0 3.7 1493 161 0.90
16 WRITHE  f1E ik 500 30 @ 20-30 1163 4.1 1702 154 0.10
17 L e i (VA3 F B 410 32 @ 10-13 113.6 3.8 1493 181 0.85
18 MERENTIZfY ATelchbiL 230 27 @ 20-25 113.0 3.7 1493 161 1.70
% ! (DCrest flat, @Crest slope, @Upper sideslope, @Lower sideslope, ®Foot slope, (BHead hollow. WI : Kira's

Warmth index {'C - month) . MTCM : Mean air temperature of the coldest month (°C)

. AP : Annual precipita-

tion (mm) , WP : Winter (December to February) precipitation (mm) . DFNGC : Distance from the nearest coast-
line (km).

Table 2. Description of the fragmented lucidophyllous forests investigated in Kyoto. Locality numbers correspond

to the numerals in Fig.2. See Table 1 for abbreviations and numerals (D~®)

Locality Locality Area  Number of Topography Altitude WI MTCM AP WP DFNC
No. ()}  species range(m)
1 ERERMERRTG AR 21000 52 (@O~©® 5-60 1215 3.2 2727 1159 0.85
2 wilEldied  AdgE 9100 42 @~®,® 40-85 1114 3.0 1942 594 1.30
3 I LT8R L AhEL 4100 34 @~O 90-115 112.6 2.8 2173 802 10.4
4 JEREELENTSEAR  HAGHPRL oo 37 @.Q 60-85 1137 2.5 1848 534 16.2
5 AT HE L 3600 40 @.0 30-60 1155 26 1848 534 174
6  AERAFEEhREZE QA 300 42 @6 20-40 1126 8.1 1942 594 0.35
7 AEBPOTINTAEIN AT RhEE 1800 38 3.0 30-45 1183 3.4 2074 TBT 2.25
8 HEVFITRRHE  BAR R, 1100 25 @@ 20-35 1189 3.5 2074 757 3.95
9 DRERIRTH Al Rt w0 31 @ 20-30 1189 3.5 2074 757 4.10
10 FCRIRLRERT Ll S mhat 700 98 @ 40-50 1194 3.0 2727 1159 6.50
11 FEERER RGN sl 690 286 @ 30-45 112.0 3.0 1942 594 270
12 BTNTARE R 670 22 @ 20-25 1126 8.1 1942 594 0.55
13 A SEN 10 220 23 & 70-80 1013 2.0 2076 724 B.50
14 AT AL 200 21 @ 100-105 114.4 4.1 2398 828 0.75
15 SRRET A T AWASD 180 20 @ 90-95 1122 2.3 1823 481 208
16 FWEPTEFEIINTTTILE WisEd 1200 15 @ 20-25 112.6 3.1 1942 594 255
17 HEHRER MEAMEM 10 2 O 30 118.8 45 2398 828 0.40
18 NENTER ikt w0 14 @ 120-125 1066 2.5 1942 594 8.25
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Fig. 3. Relationship between the number of compo-
nent species of lucidophyllous forest and forest
area (log scale). Solid circle: the fragmented lu-
cidophyllous forests in Tsushima. Open circle:
the fragmented lucidophyllous forests in Kyoto.
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Fig. 4. Relationship between the number of compo-
nent species of lucidophyllous forest (log scale)
and forest area(log scale}, Solid circle: the frag-
mented lucidophyllous forests in Tsushima.
Open circle: the fragmented lucidophyllous for-
ests in Kyoto.
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Tig. 5. Distributional patterns of § species, which occurred in Tsushima, en a two-dimensional scale formed by
the number of species and area {log scale). The solid and open circles indicate the stands containing and
lacking the species, respectively. Three species groups (T 1, T2 and T 3) are classified according to the simi-
larity of their distributional patterns with respect to the area decrease. T 1: Species group highly affected
by the decrease of area. T 2: Species group slightly affected by the decrease of area. T 3: Species group un-
affected by the decrease of area.
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Fig. 6. Distributional patterns of 6 species, which occurred in Kyoto, on a two-dimensional scale formed by the
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Table 3. The number of species per life form category in each species group. See Fig.5 and 6 for abbreviations

Species groups

Species groups

Lite form (Tsushima) {Kyoto)
category

T1 T2 T3  Others Total K1 K2 K3  Others Total
Tree 3 8 9 13 33 3 5 i 9 24
Shrub 4 5 7 8 24 6 1 5 6 18
Herb (except for fern) 2 3 2 8 15 4 1 2 4 11
Forest floor fern 1 6 4 10 21 10 2 2 6 20
Epiphytes 0 1 2 2 5 0 0 1 2 3
Saprophytes 0 0 0 1 1 1 0 0 ¢ 1
Climber 3 4 5 1 13 2 3 1
Total 13 27 29 43 112 26 11 20 28 85

— 166 —



December 2001

J. Phytogeogr. Taxon.

Vol. 49. No. 2

HHLD RE P RO LT 202, FEHh(1998)
M L T s & 9 2 INRFESE DG T i METE
BB OMRARER E S PHEhsa, Zhbo
HEERMFEOMORECEDEEHLE LTws0MH
CONTHSOEZARSFHTSHY, ZOHIZD
WTESHOBRFMEL Lk,

—4, MIRURC & B RFEHEHEED & i
L BHBOBEMIZONTIZ, Table 32 5B ik
&I, RO O T —EOEAEEAS
Nk, LAaL, T3HE XU KI oMM
PEFIMELSL L, ROL S AHEAEDLAS,
Thbhb, T3fHEKIWDIEEAER, v un
F, YT, bEHhE, YTaTSEEIZR
FEhBEHITHEEGEFMEBEABIERIZGL L
(Horikawa 1972, 1976 ; NGt 1985) , L84 &R
FUTIZEELTWAHITHE I Edbr b, i,
I b OISR b P00 F TORERO -84
HTiz4EF L (GGt 1998 ; RES - /Nat 2000},
VilkESEDBELCFITHEE I EMNINHBES,
TSP KIMWOL L, 0k hgits Xk
UL T B CEE I 20 -0z, Il
DM fF D T g oL L & OBEOZEl ) &
ADT EMNTE, AMAUOHEEIZ 50T & I0EIED
HERPTRIZ A > TWBEDEHFIEND, XL,
K3WR Tafizid, k¥ Hd, Yooy, ~=
VE, FABAXT E VSIS & INEE
SHIBAAEPSTHRENRDZIES,D, THEOHD
TERGZ 20 i, B kb & DORIFIOHHE & H
RUTOHIHEMNSH B, ZOREHs T
B3, BT O REE R Z R O
Wi e SIS 2B PR ETH Y, SR
FENAN,

HEOSHBLFEHO SHMBFIcHILTASH
HHIZEE TS S, IThoOfEHET LI,
AIRHEIZ & 2 REBMHBEH RO SR B/ E £ 5 Tk
VEHIKAI L, Z ORAMRRE TSl 2 T
5, ROWMBMEESTBIEHTERE, TS,
PR T/NERHL I & 5 /RIEEESEDENS 1
W, W TN LIS L B REEE ARG 5 A
e (T8, sEcR/mibic & 3 K¥EE 5
B ehsh, WHTEFhSBD sl IR,
FENTI/NERR IS & 3 RIFEAAED 5h B A8,
METRIhNED Sk [N O4EHT
55, ChoORAMEILTOELDTH B,

I8 bh+, Yrir i, vYYF, 7oo4
VE, bPSTOVH, TRINVY, A AVHTT,
RYFAAXT

¥, 25404, 930y, 27,%, ¥7
YR, Y T=ZwrA, EF S, BYAE, T

IV, FHNT v ey, FAA2FLE, N
VH, UNTI, FAHIIXT, LN
M#; vmoss, 72433, Lavsvy, 2%
7 :

Vi, v/ %, <4%, Y79y, 434235
Bllho#ERenz:, IHE IHEE&H-
IR TR IEL TED, MK EIED )
TREIZ A 2 A AEE IS Ch s rh—80T
BIEMA S A B,
ANEROBHHE T L EEMEELRNE, AR L 22L&k S
GRS 2 TR AR 23 B IF A D IR A VE S
2B 55, IHOMBMIZIE, Z5 L tisgss
B (YT oo A, YT VNE, LhF, S
TuTEE) BEELLEERATNE, ZOZENE,
MO TR OMIRIZ BV T & /NERHE S
5 REBAPEDH S bbbk, THeDMMoOR
BEGR M2 A8 h bR 2 h & b TR E
WhhkFEAioh5,

I

AW, SRS RIETre el E: (B
5 13680649) O—PEMM L Az, Z 2, REK
FELDBIHA T, MF-RFRERSERORE
FIAK, G X AR OFBILER S L UER
A, AR EER S B AT ST RO L5 25
T, IR REFRRIEEAE S0 geE o0 54 FHIT
IR O TEREWB R B F 0, Zh
SO, BRSO EEILRL LTS,

5 A3CH

Arrhenius, O, 1921, Species and area. Journal of
Ecology 9 : 95-99.

Bierregaard, R. O., Lovejoy, T. E., Kapos, V., Dos
Santos, A. A. and Hutchings, R. W. 1992. The
biological dynamies of trepical rainforest frag-
ments. BioScience 42 : 859-866.

Dzwonko, Z. and Loster, S. 1988. Species rich-
ness of small woodlands on the western Car-
pathian foothills. Vegetatio 76 ; 15-27.

Gleason, H. A. 1922, On the relation between
species and area. Ecology 8 : 158-162.

&S ff, 1985. HARK LD 4 — & FTIHGERH
PROTEEEFIR, AETRE LS W
1:1-98.

Aedl 8. 1992, # 7/ F UM OTHE L NES T
%, 1. 877 MO & B, BA4
NeZe 2Rt 42 : 215-230,

e 8. 1993, & 7/ & Tk 38 & T 10H
%, 0. #7770 HE Y5 & arihgeft,

— 157 —



Rt - SR magBF 2 H 2001 4§12 K

B AR NESERRE 43 1 99-109. SESEER - ABRETHE, 178 pp. B&
IREE 1% - HHEBLE. 2000, B pEITET 3 FF, #H,

HASEISI R OO AR I R & T 2 Ak, FEARE DB R, KBTI, 1959, KR FPHELNE I EOE S 13 7.

B A i 225 50 < 221-234.

RRER % - /DEHEE. 2000, 20 RAERT IO
HRLERETAE R0 300 B N 4t TR B RUE . FRAER
ORE, RE H GE). TR 0FEE~THR 1
R R AR SR I (C) TFFUHURE
53 pp. 67-80.

JRE R - REER - P . 1979, BHEAE
B & £ MESRIKIZ DO T, EKERESE
EBTTTLHEER 62 1 59-85.

IREE % - AR - IR - GRTNESE - R
@%-ﬁm%m.mm.zmﬁvav av‘
PIIlar R BRIR L FE 2T 00T, BRI
(5) :217-222.

Horikawa, Y. 1972. Atlas of the Japanese flora.
500 pp. Gakken, Tokyo.

Horikawa, Y. 1976. Atlas of the Japanese florall,

362 pp. Gakken, Tokyo.
A - IRE 1R - HH %

Sl SR HTER o 51 B MR IR O AR At & Fl %

Bk, MR ORISR, HALREF S 48: 1-16.
PSS - wHBEER, 1977, FEOME MM B

WHE (W), HEOMM EME, pp. 76-111.
WA, TR,
ATCHHE - IR, 1980, BEgElESz AP, 198

pp. bkt atk, A
HEF W),

- NEEEEYS, 1998,

1958, ®&ETHENEEHTERIE 105,

ZE KR EM - ABREFYE 183 pp. K
%FF, WH.

Levenson, J. B. 1981, Woodlots as blogeographic
islands in southeastern Wisconsin. Burgess, R.
L. and Sharpe, D.M, (eds.) .
namics in man-dominated landscapes, pp. 18—

Forest island dy-

39. Springer, New York.

I @ WARGE - BAERZ, 1990, RO
HABE— 7 OB RE—. 202pp. &5
[, #H.

= NE - MR - AR 1994, HAAELE
i SRATHTAR. 910 pp. EICH, HH.

Peterken, G. F. and Game, M. 1984. Historical
factors affecting the number and distribution
of vascular plant species in the woodlands of
Central Lincolnshire. Journal of Ecology 72 :
156-182.

ghkTER, 1962. BAOTUEX 7, HEIFER 5.
205-211.

BHWI& - REM—,
WiETHoREAET. 270 pp. X—
HOR.

Whittaker, R. H. 1967. Gradient analysis of
vegetation. Biological Review 49 : 207-264.
{Received June 8, 2001 ; accepted September 8,

2001)

1996. fRAARESAM—
A AR,

Appendix 1
Distribution of component species of lucidophyllous forest in each fragmented lucidophyllous forest investigated
in Tsushima. Numerals (1~18) correspond to the locality numbers in Fig. 1.
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Appendix 1 (continued)

Species

10

11

i4 15 16

=
-1

18

Damnacanthus indicus
Littosporum tobira
Dryopteris varia var, Rikonensis
Trachycarpus fortunet
Euonymus japonicus
Symplocos lucida

Pyrrosia lingua

Hlex integra

Dendropanax trifidus
Dryopteris varia var. setosa
Cymbidium goeringii
Ternstroemia gymnanthera
Hlex rotunda
Cinnamomum camphora
Neolitsea sericea

Fatsia japonica

Ardisia crenata

Neolitsea aciculata
Aracliniodes sporadosora
Ficus surmentose var. nipponica
Lepisorus thunbergianus
Diryopteris lacera
Cyrtomium folcatum
Elaeagnus macrophylla
Cleyera japonica
Gardneria nutans

Rubus buergeri

Distylium racemosum
Arisgema ringens
Podocarpus macrophyllus
Quercus glauca
Damnacanthus major
Ptevis disper

Torreya nucifera

Fieus stipulata

Dryopteris erythrosora var, dilatatu

Cephalotaxus harringtonia
Xylosma congestum
Cyrtomium fortunei
Farfugium japonicum
Michelia compressa
Litsea japonica
Ophiopogon jeburan
Daphne kiusiana

Ilex chinensis
Polystichum lepidoeaulion
Microlepia marginata
Daphniphyllum teijsmannii
Vaccinium bracteatum
LPersea japonice

Rohdea japonica
Marsdenia tomentosa
Ardisia pusille

Pollia japonica

Aucuba japonica
Dryopteris fuscipes
Prunus spinulose
Lonicera hypoglauca
Anodendron affine
Nandina domestica
Pasania edulis
Elaeagnus pungens
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Appendix 1 {continued)

Species

4 5 6

Ruercus acuta

Calanthe sicboldii
Osmanthus heterophyllus
Illicium religiosum
Polystichum polyblepharum
Microsorium brachylepis
Asplenium ritoense
Daphniphyllum macrepodum
Lecanorchis joponica
Myrsine seguinii

Symplocos prunifolia
Microlepia strigosa
Stephania japonica

Colysis elliptica
Actinodaphne longifolia
Neocheiropteris ensata

Gardenia jasminoides £. grendiflore

Piper kadzura
Asplenium wrightii

Elaeocarpus sylvestris var. ellipticus

Cremastra appendiculata
Crepidomanes insigne
Diplazium subsinuatum
Thea sinensis

Calanthe aristulifera
Veronicastrum axillare
Monotropastrum globosum
Euonymus chibae
Diplazium wichurae
Ophiopogon japonicus
Desmodium laxum

7 8 9 10 11 12 13 14 15 16 17 18

1

Appendix 2

Distribution of eomponent species of lucidophyllous forest in each fragmented lucidophyllous forest investigated

in Kyoto. Numerals {1~18) correspond to the locality numbers in Fig. 2.

Species 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18
Castanopsis cuspidata var. sieboldii 1t 111111111 1111111
Aucuba japonica 1111111111111 11111
Dryopteris erythrosora 1 11 1111 1 1 1 111111 11
Ophiopogon ohwii 11111111 1111111111
Eurya japenica 1 - 11111111 1 1111111
Camellia japonica i 1111111 +« 1 1111 1111
Neolitsen sericea 11 1111111111 - 11111
Trachelospermum asiaticum var. intermedium 111 11111111111 - - 11
Ilex integra 11 -1 - 111111111 - 111
Cinnamomuim juponicum i1 1111+ -1 11111111 -
Ilex pedunculosa 1 1 1 1 1 1 1 11 1 1 - 1 - 1 - 1
Persea thunbergii i -1+ - 1113111111 -~ 1 11
Rubus buergeri $1 1111111 +-~1 1+ -1 1 +« 11
Cleyera japonica 111 111111 - 111 - 1 o
Lepisorus thunbergianus 111 1 1 1 1 - 1 11 1 1 1
Ardisia japonica 1 -1 1 - 11 - 11 i+« 1 « 1 1
Cymbidium goeringii 1 - 1111111 - 11 1
Kadsure japonica tr 17¥r -1 11 1 11 -1 - 1 - - 1
Arachniodes simplicior var. major 111111 11 - -1 +« 1 1 :
Quercus salicina 1111 - -~ 1 - 1 1 1 1 - 1
Elacagnus glabra 11 1 - 1 1 1 1 - 1 - 1 .
Vaccinium bracteatum 11 - 1 11 1 - <o+ 1 -1 -1
Quercus myrsinaefolia -1 1 1 - 1 1 1 1 1 1 - .
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Appendix 2 (continued)

Species

10 11 12 13 14 15 16 17 18

Lycopodium serratum
Epimedium sempervirens
Hlicium religiosum

Liriope platyphylla

Plagiogyria japonica

Pieris japonica

Dryopteris varia var. hikonensis
Quercus acuta

Dryopteris erythrosora var. dilatata
Abies firma

Microlepia marginata

Ficus sarmentosa var. nipponica
Stauntonia hexaphylia
Dryopteris varia var. sefosa
Polystichum polyblepharum
Cuastanopsis cuspidata

Ilex latifolia

Cephalotaxus harringtonia var. nana
Thea sinensis

Arachniodes simplicior

Hedera rhombea

Skimmia joponica var. intermedia f. repens
Lemmaphyllum microphyllum
Dryopteris lacera

Tsuga sieboldii

Plagiogyria euphlebia

Asarum kooyanum var. rigescens
Nandina domestica

Aucuba japonica var. borealis
Dryapteris fuscipes
Trachycarpus fortunei
Gonocormus minutus

Quercus glauca

Alpinia joponica
Daphniphyllum macropodum
Cyrtomium fortunei
Dendropanax trifidus
Enonymus lanceolatus
Daphniphyllum teijsmennii
Monotropastrum globosum
Actinodaphne lancifolia
Dryopteris championil

Quercus sessilifolia
Coniogramme japonica

Futsia japonica

Ternstroemia gymnanthera
Podocarpus macrophyllus
Gardneria nutans

Liparis nervosa

Pollia japonica

Euonymus fortunei var, radicans
Ophiopogen planiscapus
Goodyera schlechtendaliana
Rohdee joponica

Chloranthus spicatus
Coniogramme intermedia
Euyonymus japonicus

Elaeagnus pungens

Photinia glabra

Pteris disper

Polystichum tsus-simense
Arachniodes aristata
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