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Resources plant studies on the natural forest in subtropical Okinawa
V. About plant distribution on the main islands of the Ryukyus
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Abstract: Within the frame work of a series of plant resource studies on the natural forests in the
subtropical Okinawa, the present study was undertaken to clarify the distribution of forest plant for
both indigenous and exotic species on the Ryukyu Islands, especially for the 4 main Islands, i.e.
Okinawa, Miyako, Ishigaki and Iriomote Islands in the Ryukyus based on the database of the five
reference books. The considerable difference was found for the total number of species among the
references. The plants distributed in the entire Ryukyu Islands were 238 families, 1,688 genera and 5,473
species based on Flora of the Ryukyus, Southern of Amami Island (FRSAI), which had the highest
number of species, while Flora of Okinawa and Southern Ryukyu Island (FOSRI, 1976) recorded 239
families, 1,061 genera and 2,560 species. According to Check List Vascular Flora of the Ryukyu Islands
(CLVFR), 200 families, 949 genera and 2,275 species were present. Flora of the Ryukyus (FR) recorded
the least species with a total of 182 families, 863 genera and 2,142 species. The methods of the handling
of plant distribution to the exotic species may be responsible for the obvious differences in the main
factor on the total number of species among these references. For the composition of the indigenous
species, in Okinawa Island, 1,451 (FR), 1,445 (FRSAI) and 1,404 (CLVFR) species were recorded; 1,099(FR),
1,132 (FRSAI) and 1,119(CLVFR) species in Ishigaki Island; 1,151(FR), 1,139 (FRSAI) and 1,142(CLVFR)
species in Iriomote Island. No obvious differences were found among the 3 references. Moreover, for the
abovementioned indigenous species, the order of species number were Okinawa > Iriomote > Ishigaki >
Miyako. As for the least value of indigenous species in Miyako Island, it is thought that the greater
part of the Island is covered with the limestone of the upheaval coral reef, and the mountainous forest
plant is less than other Islands because of its smooth landform on the Island. Each reference recorded
a lot of endemic plants in the Okinawa Island, with 16 species recorded in VJOO, 15 species in FR, and
33 species in CLVFR, while Iriomote Island had the second highest value for endemic plants with 13
species recorded in VJOO, 10 species in FR and 9 species in CLVFR. In Miyako or Ishigaki Islands, few
endemic plants were present with a range of 1-3 only.

Keywords: subtropical natural forest, Ryukyu Islands, indigenous species, exotic species, endemic

species.
Introduction deteriorating due to land uses and excessive over-
' cutting (Ellenberg, 1979; An et al., 1999). The area of
In recent years, the forests in the subtropical and the world's forests decreased by 94 million ha, which is

tropical regions, which being regarded as the treasury equivalent to 2.5 times Japan's land area, in the 10
of genetic resources, have been decreasing and years up to 2000 (FAO, 2001). The decrease of the

" Corresponding author (E-mail: aramotom®@eve. u-ryukyu.ac.jp)
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forests in the subtropical and tropical has caused the
great concerns of loss of biological species (Ehrlich et
al., 1991; Roberts et al, 1995). In response to the
acceleration in species-loss at global scale, the resources
plant approaches have shifted their focus to the wild
plants and trees, which are not used nowadays, but
may become promising in the future for their genetic
characteristics. It has become a pressing research project
to investigate these plants or trees systematically with
respects of their distribution, conservation, proliferation
and utilization in both tropical and subtropical regions.
Okinawa, the unique subtropical prefecture in
Japan, consists of over 60 Islands in southern Japan,
where forest managements were mainly concentrated on
forest plants. It is very important to keep resources
under control there for the environmental conservation,
utilization of resources plants, forest management and so
on. However, in Okinawa, the study on resources plant
was not well conducted although several approaches
have been made by Aramoto Research Group on the
plant distribution and collection and preservation of
subtropical economically important plants (Aramoto et
al., 1989, 1998, 1999, 2001). However, those reports are
insufficient for understanding the plant distribution on
the Ryukyu Islands, especially the comparison of the
plant distribution among the main Islands for
indigenous species and endemic species. It is an urgent
project to investigate the distribution of resource plants
and in control of reality of the use of such resource plants
for not only mountain village promotion but also
cooperation study amongst Southeast Asia countries.
In the present study, on the basis of abovementioned
situations, the plant distribution on the main Islands
of the Ryukyus was conducted as a part of the study
of resources botany in subtropical Okinawa on natural
forest. The following is clarified: 1). the total number of
plant and number of indigenous species on the Ryukyu
Islands; 2). the total number of plant and number of
indigenous species on the 4 main Islands; 3). the endemic
species on the 4 main Islands and comparison of these
endemic species among the Islands. To clanity the
abovementioned tasks, the database were constructed
based on the 5 reference books for the all species present
on the Ryukyu Islands. This study may provide useful
information for collection, conservation, proliferation
and development of the resources plants as a basic
study in subtropical Okinawa. We also hope this study
serve as an available guidance for both conservation
and utilization of the resources plants in Okinawa.

Methods

There were many vegetation books about plant
distribution on the Ryukyu Islands, however, this
paper deals with the composition and distribution of
family, genus and species on the 4 main Islands, ie.
Okinawa Island, Miyako Island, Ishigaki Island and
Iriomote Island, in subtropical Okinawa, according to
the below references. The basic data were from four
reference books, namely, Flora of the Ryukyus
Including Amami Islands, Okinawa Islands (FR, 1975);
Flora of the Ryukyus, Southern of Amami Island
(FRSAI, 1994); Check list vascular flora of the Ryukyu
Islands (CLVFR, 1997) and Floral of Okinawa and
Southern Ryukyu Islands (FOSRI, 1976). In addition,
the endemic species were clarified also by Vegetation of
Japan, Okinawa and Ogasawara (VJOO, 1989). The
databases were constructed based on FRSAI with
Microsoft Excel, as well as the other 4 references.

Results and discussion

1. The general distribution of plants on the Ryukyu

Islands.

The general composition of plant distribution on
the Ryukyu Islands was clarified based on the database
of 4 references (Table 1). FRSAI recorded the highest
species numbers with a total of 238 families, 1,688
genera and 5,473 species, whereas it has been
understood that the classification of indigenous species
and exotic species is not done in FOSRI, which
recorded the second highest species numbers with 239
families, 1,061 genera and 2,560 species. In addition,
CLVFR recorded a total of 200 families, 949 genera and
2,275 species, while in FR 182 families, 863 genera, and
2,142 species were recorded, which had the least value
in species. The considerable difference was found for
the total number of species among the references. The
methods of the handling of the distribution to the
exotic species may be responsible for the difference in
the main factor.

Table 1. Number of the family, genus and species by the references
on the Ryukyu Islands.

Indigenous species Exotic species Total

Family Genus Species Family Genus Species Family Genus Species

FOSRI - = = - - . 239 1,061 2,560
FR 1718 794 1912 43 139 230 182 863 2,142
FRSAI 180 754 1933 184 1175 3,540 238 1,688 5473
CLVFR 193 797 1849 60 239 426 200 949 2,275

FOSRI : Flora of Okinawa and the Southern Ryukyu Island; FR : Flora of
the Ryukyus; CLVFR : Check List Vascular Flora of the Ryukyu Islands;
FRSAL : Flora of the Ryukyus, Southern of Amami Island.
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The composition of indigenous species and the
exotic species is clarified by the three references of
CLVFR, FR and FRSAIL For the indigenous species,
the families existed in the range of 178-193, the genus
existed between 754-797, and species in 1,849-1,933,
showed a similar composition from the 3 references.
For the exotic species, 43-184 families, 139-1,175 genera,
230-3,540 species were recorded, showing enormous
differences among the three references. Especially, as
many as 3,540 exotic species described in FRSAI, and
this can be said that the plants for appreciation, fruit,
food, and the medicinal use, etc. had been considerably
introduced from foreign countries.

2. The distribution of the indigenous species on the

main Islands.

The composition of indigenous species on the 4
main Islands was showed by the references of FR,
FRSAI and CLVFR (Fig. 1). In Okinawa Island, a
range of 169-184 families, 651-681 genera, and 1,404-
1,451 species were recorded (Table 1). In Miyako Island,
131-141 families, 414-424 genera, and 633-656 species
were recorded. For Ishigaki Island, 167-182 families,
598-612 genera and 1,099-1,132 species were present. As
for Iriomote Island 167-182 families, 599-642 genera and
1,139-1,151 species recorded. No obvious differences were
found among these references for family, genus and
species.

1,200

B Okinawa
O Miyako

B Isigaki

[ kiomaote

Number of species

Reference

Fig. 1. Number of the indigenous species on the 4 main islands
by the references.

For indigenous species among the 4 main Islands
on the Ryukyu Islands, it was the order of Okinawa >
Iriomote > Ishigaki > Miyako, not only for family, but
also for genus and species. Especially, Miyako Island had
the least values among the 4 Islands; it is thought that the
greater part of the Island is covered with the limestone of
the upheaval coral reef, and the mountainous forest
plant is less than other Islands because of its smooth
landform in the Island.

3. The distribution of the endemic species on the
main Islands.

Fig. 2 showed the endemic species on the 4 main
Islands in the Ryukyus. Okinawa Island had the highest
endemic species among the four main inlands, i.e. 16
species in VJOO, 15 species in FR, 33 species in CLVFR,
following by Iriomote Island, which had the 13 species
in VJOO, 10 species in FR, 9 species in CLVFR.
Miyako Island and Ishigaki Island had the values in
the range of 1-3 ‘only in each reference.

40
@VJOO [EFR EBCLVFR
w
% 30t
a
o
s
e 20
2
E
5
Z 10
2 11
0 v ETh—rem
Miyako Isigaki Iriomote

Fig. 2. Number of the endemic species on 4 main islands in
the Ryukyus by the references.

As for the common endemic species among the
references of VJOO, FR and CLVFR (Table 2), T
species, i.e. Deutzia amanoi, Callicarpa oshimensis var.
okinawensis, Rhamnus calcicola, Bredia okinawensis
Eupatorium X tawadae, Hydrangea liukiuensis and
Carex maculata var. tetsuoi were present in Okinawa.
One common endemic species was present in Miyako, i.e.
Celtis biondii var. insularis and one species, Asarum
dissiturn present in Ishigaki Island. Three common
endemic species were present in Iriomote Island, i.e.
Chikusichloa brachyanthera, Alpinia flabellata and
Asarum yaevamense.

It should be pointed that there are still a lot works
need to do to clarify the plant distribution on the
Ryukyu Islands. In the present study, there is an
obvious difference in the number of endemic species on
Okinawa Island according to the references. To confirm
them the further study is needed.
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Table2. List of endemic species on the 4 main ilands of the Ryukyus by the references.

Island species VJOO FR3¥% CLVFR

Okinawa Anoectochilus tashiroi (Oogimiran)
Rubus utchinensis (Okinawaurajiroichigo)
Deutzia amanoi (Okinawahimeutugi)
Illicium anisatum (Okinawasikimi)
Carex sacrosancta var.tamakii (Okinawahimenamorisuge)
Callicarpa oshimensis var.okinawensis (Okinawayabumurasaki)
Calanthe discolor var. kanashiroi (Katuudakeebine)
Rhamnus calcicola (Kunigamikuroumemodoki)
FElatostema suzukii (Kunigamisanshozuru)
Furya zigzag (Kunigamihisakaki)
Bredia okinawensis (Kobanomiyamabotan)
Eupatorium X tawadae (Sawasimahujibakama)
Platanthera sonoharae (Sonoharatonbo)
Colysis X megalolepis (Sinnyarinoharan)
Polystichum hancockii (Hagoromojumonsida)
Asarum okinawense (Hinakanaoi)
Rhamnus kanagusukii (Himekuroumemodoki)
Rubus utchinensis (Hozakiichigo)
Cheirostylis takeoi (Yosihisaran)
Hydrangea liukiuensis (Ryukyukonterigi)
Carex maculata var.tetsuoi (Ryukyutatisuge)
Adinandra ryuky is (Ryukyunagaesakaki)
Carex collifera (Ryukyuhiesuge)
Dendrobium okinawense (Okinawasekkoku)
Eleocharis Wichraevar. liukiuensis (Ryukyuhairi)
Liriope Tawadae (Oniyaburan)
Eleocharis X subangulata (Okinawahairi)
Arisaema heterocephalum ssp.okinawense (Okinawatennnansho)
Viola okinawensis (Simajirisumire)
Viola stoloniflora (Orizurusumire)
Viola utchinensis (Okinawasumire (Haisumire))
Symplocos anomala (Ryukyuhainoki)
Osmanthus okinawensis (Yanagibamokusei)
Rhynchotechum discolorf.incisum (Kirehayamabiwaso)
Dam thus oki is (Yanbaruaridousi)
Poa acrol var.ryuky is (Okinawamizoichigotunagi)
Saccharum X kanashiroi (Murasakiobana)
Arachniodes okinawensis (Okinawakanawarabi)
Polygonum hydropiper var.filiforme (Nagaboyanagitade) -
Juncus effusus f.filiformis (Okinawai)
Saionia shinzatoi (Hosizakishakujo)

41 species 16species 1 5species 33species

Miyako Celtis biondii var.insularis (Sakisimaenoki) (s} [a] O
Triumfetta procumbens var.repens (Kenasihaterumakazura) (@]

o
Q00

000000060 ©

OO0 ©00 00600000
co00 © ©

0000
(o]e]

0000

000000000000000000 080 000

2 species ' 2species 1species 1 species

Isigaki  Asarum dissitum (Omorokanaoi) (o] © ©
Prosaptia kanashiroi (Simamukadesida) @] 0]
Fimbristylis leptoclada var.takamineana (Chairotentuki) O

3 species 2species 1species 3 species

Iriomote Conandron ramondioides (Iriomoteiwatabako)
Chikusichloa brachyanthera (Iriomotegaya)
Stereosandra javanica (Iriomotemuyoran)

Asarum gelasinum (Ekubokanaoi)

Isachne lutchuensis (Kenasihaichigozasa)

Cephalomanes atrovirens (Sakisimahoragoke)

Ctenitis eatoni var.irtomotensis (Komidakesida)
Lecanorchis flavicans (Sajigatasukerokuran)

Aster taiwanensis var.lucens (Terihanogiku)

Alpinia flabellata (Hadakagetto)

Gastrodia nipponica (Huyuzakiyatusiroran)

Asarum yaeyamense (Yaeyamakanaoi)

Viola tashiroi (Yaeyamasumire)

Deutzia yaeyamensis (Yaeyamahimeutugi)

Plagiogyria koidzumii (Ryukyukijinoo)

Symplocos liukiuensis var.iriomotensis (Iriomotehainoki)
Gastrodia shimizuana (Nangokuyatusiroran)
Osmanthus heterophyllus var.iriomotensis (Yaeyamahiiragi)
Asarum gelasinum (Ekuboksaisin)

Asarum monodoriflorum (Monodorakanaoi)

(o] ©

Q0e0o
000

000BOBO00
Oo00Co ©0
© ©

00000

20 spices 13species  10species 9 species

O : Recorded as endemic species in reference; © : recorded as endemic ies in al ist i i i
e e species in all of the 3 references. 3 from the list in general list of endemic
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Ri-1 HAROFHER
AT @ffhe. T
23 G # 8 m R (%) M (%)
MR 6,880 ( 6.6) 648 ( 5.6)
LT 3,538 (3.4) 33 (2.7)
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o AER B X 2,055 (2.0 212 ( 1.8)
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e iR 22 10,710 (10.3) L1129 (9.8)
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% 176
w % E . 4,213 (9.0
¥ OH B R 4,019 ? 153 ( 1.3)
EAS N % <4 855
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X 28 6, 537 575 78, 891 603 85, 428 - 3 %
XV 211 33,79 T 33,79 ha%7: ) 4m*e %> T3, VI
xvi 13 1,339 13 L3 BTEHRIELZEFELAAZRL T 3B,
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®A-5 BASFELSCBAUBELCHFDOALS A YREL

T ( RRECEMHORSETF
B F £#§ B FHiE #HreEsE(c) THER
FHEE (cu) 43~14.7 7.4%0.2 2.7 0. 244
FHEE (2) 3.0~9.6 5.7%0.1 1.8 0.176
UAEYE (&/ha) |1,427~15840 7,172+285 4.0 0. 413
B @& M (=°/ha) 10. 5~65.6 34.7+0.9 2.6 0.281
51 B ('/ha) 23.9--360.0 141.8%5.6 3.9 0. 408

(m%/ha)
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4224 2FLTHARRELERKOEHEO 1R BRS6EFENHR (m*/ha)
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RiZ, 24BN F7 4 Y AEICED (. RRELERKOBBERE R T L, B4 -8nLH%
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., EEEH. AKB) J9BE,. =& AKLBHET, RAETRIZIMELY->Tw2. L8R
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®a-6 (1) EBESEE (1981) X ERI0FE (1998) DHEHMEOER

: THEE FONE & K BER H A
Zay MEF (cm) (@)  (&/ha) (n'/ha) (w'/ha)

EHEEAA.K No.1 125 7.2 3, 508 54.0 260. 4
‘ 13.6 7.9 2, 864 55. 1 297. 2
EEEAMH, No.3 1229 8.3 3,107 57.6 326.9
10.1 7.3 5, 143 61.9 332.9

HEEEEA. No. 6 10.8 7.0 3, 254 55. 2 331.9
9.2 1.5 7,938 72.9 403.6

EEEAH. No.1l 56 4.6 8, 374 26. 8 93.3
6.3 5.3 8, 358 33.5 128. 4

EHEEAM,K No.14 59 4.9 10, 106 52.1 104.9
9.4 6.2 5,011 41.8 168.7

EEEAMh No.15 7.6 5.6 5, 511 37.7 167.0
6.8 5.4 9, 550 44.9 173.3

EEEAMK No.22 7.6 6.4 6, 053 35.0 147.0
8.2 1.0 5, 846 41. 4 205. 1

EHEEAHK No.24 6.6 5.2 9, 345 37.2 129.6
7.0 6.2 7, 317 35.0 153.0

EEEAMK No.30 7.1 6.3 6, 776 37.8 169. 1
7.5 6.1 9, 564 58. 5 253.9

EHEEAH, No.32 6.8 5.5 9,815 43.3 166.0
7.2 6.4 10, 342 59. 2 258. 4

HEEEAH No.34 6.9 5.6 6, 394 35. 4 150.9
7.3 6.2 8, 770 40.5 160. 2

EmEEAHK No.37 6.1 5.9 9, 698 31.1 117. 4
6.9 5.8 10, 714 48. 4 193.2

EEEEAH No.41 6.9 6.6 8, 409 45.5 222.5
7.8 5.7 11, 769 71. 4 270.5

EEERAMK No. 1 7.2 6.1 4, 699 25. 3 90.9
7.5 6.6 6, 286 35. 6 168.3

EEERAHK No. 7 7.6 6.4 8, 375 52. 5 244. 7
_ 9.9 7.4 4, 048 50. 3 289. 5
EEERAEHK No.9 6.6 4.8 8, 344 35. 1 120.2
8.9 8.4 5, 736 41.9 220. 7

EFERAEHK No.10 7.0 6.2 6, 554 31.6 137.6
7.3 6.8 5, 934 38.0 195.8

EHERAHK No.12 6.8 5.7 7,643 33.8 137.5
7.3 6.0 8, 537 46.3 205. 4

EFEBRAMK No.14 6.8 5.8 12, 266 61.0 280. 5
7.3 5.7 11, 154 59. 1 237.7

EFERAEHK No.19 7.7 5.2 5, 985 38.6 151.8
8.2 6.3 5,997 51.5 265. 3

EERAEHK No.22 7.8 6.4 6, 677 43.8 206. 1
_ 8.4 5.5 5,614 52.3 247.9

ESERAM No.23 11.4 8.4 4, 456 63. 2 359.9
125 9.6 3, 990 64.9 407. 4

EEEBRAH No.28 7.5 7.0 9, 669 54.8 273.3
9.2 1.0 6, 324 60. 0 310. 1

i 1) EEXIIBBMS6E, TRIIERIOFEOHEETH S,
) Fuay FNESIIBASCEREROEETH A,
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®a-5 (2) E@FEAS6E (1981) X FERRI0F (1998) OBFHWMEOER

_ THEE TORE & % WE® M M
78y MES () (@  (&/ha) (a/ha) (u'/ha)

EFEHEH,  No. 2 6,885  35.2  149.6

6, 921 39.6 146. 5

6.8 5.8

7.8 5.4
ESEAAEH No.8 10.4 7.2 4, 227 52.3 272.3
10.9 7.0 3, 780 57. 4 312.8
EEFAEH, No. 9 7.6 1.7 8, 746 51.9 281. 3
10.7 8.0 4, 297 54.5 302.9
EsEAAEHK No.1l 7.8 5.8 7,903 49.0 202. 2
9.8 7.9 5, 536 44.6 209.9
EFEAAEHK No.14 10.7 7.0 4,671 60.0 301.0
11.6 7.6 3,530 53.1 290. 6
EEAAEHh No.16 9.1 8.2 4, 395 37.8 198. 2
10.3 7.4 4, 389 46.3 239. 4
EEAAEH, No.22 9.7 6.1 5, 872 50.9 202. 6
9.5 6.6 5, 700 49.8 216.8
EEHAEHK No.23 7.2 6.1 10, 959 56. 7 252. 4
9.0 6.2 5, 646 56. 6 285. 7
EEEHAEHK No.29 9.1 6.0 5, 484 54.5 258. 6
9.3 6.0 5, 138 57.1 282. 2
EsEFAAEH No.34 6.5 6.3 10, 248 39.1 156. 2
7.3 5.4 8, 580 53.0 209.9
EFEH A, No.35 6.0 4.7 8, 137 27.4 91.8
7.2 6.2 6, 419 35. 1 156.7
EsER A No.45 6.8 6.1 10, 336 43.6 174.6
9.2 6.7 7,617 59.2 258. 3
ESEfAEH. No.47 50 4.4 10, 431 22.6 70.9
7.0 6.3 6, 458 31.7 141.5
EEEAEHK No.51 81 7.2 7,191 44.4 210.0
8.3 6.6 7, 560 51.9 235. 8
KEWNEMK No.10 7.4 7.6 8, 714 44.5 220. 3
8.3 7.5 8, 192 57.6 302.6
KERFFEH No. 16 51 4.9 10, 101 23.6 83.5
7.5 5.5 5, 578 35.0 140. 8
KEHHEH No. 18 50 5.0 13, 435 29.0 97.9
7.8 8.1 7,063 41.3 167.8
KESFAH No.25 6.8 5.5 6, 757 31.2 126. 1
7.2 6.5 © 7,100 46.1 209. 2
EESH No.4 11.8 7.4 4,497 61.6 297.8
9.8 7.3 5, 318 57.2 310.6
KEAFWK No.18 8.0 5.3 7,928 47.9 176.0
: 8.0 8.3 6, 780 49.3 245.5
HEAHK No.19 58 5.5 8,077 28.5 121.9
8.0 6.2 7, 348 43.4 179.0
BAA K No. 1 5.2 5.4 15, 137 36.9 136. 4
. 6.2 6.2 10, 501 46.0 205. 6
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Ri-1 XRELEXBHROBRRR

& EFMBREE @ M E R E K (0/ha)
EfA%k BEHEH 4 B | BHESK BEHEHK & M
o 16.4 0 16. 4 0.76 - 0.76
m 151. 3 0 151. 3 4,00 - 4,00
v 105. 1 0 105. 1 1.33 - 1.33
v 930. 7 0 930. 7 3,29 - 3.29 -
VI 3,119.4 2445  3,363.9 2.78 3,99 2.85
VI 9,766.2 851.7 10,617.9 2.76 4,38 2.85
VI | 16,739.8 4514 17,191.2 2.16 2.72 2.17
X 6,315.6 647.4  6,963.0 1.35 2.30 1. 40
b 1,275.6 1,369.5  2,645.1 0. 61 2.29 0.98
%1 452.5 2,407.8 2, 860.3 0.33 2.11 1.14
X0 2747 1,781.1  2,085.8 0.33 0.60 0. 54
Xm 90.5  701.0 791.5 0.42 0.29 0. 30
X 82.1 82.1 0.14 0.14
4 B+ |39,237.8 8,536.6 47,774.3 .77 0.33 0.99
(m3/ha) (m*/ha)
5 r ]
4+ 4 F
g ]
g ° £ 3t
B Y
2 & o L ~
®
1t 1}
0 0 i ; ; i . : i )
v} 5 10 15 20 25 30 35 40
B & £ S
E4-4 BERIEFIER ®4-5 EREEEBHROBERRR

Bl ABWTHEL %2, Bd  ABLUTZOKMEINEL LN, Tyo b)) 20manF
A7) OBRBOHBRENEC T, BHENLEDH ISV T L0 ERbNE, beAIC, 170
y PSRN OBBOHREEIEBT S L, 4!:%3%5112.01 FEBIMETHI2DICHL, BEH - A
HELTRIS.0EEL>TW3,

TRRLETIZ, 1294, AVa, ExaX ), )avFxayey RUFaNrEFOMRICHK
HWRELLEH>TWT, SNLSHET, 26N68% % 4D, EPOBWBIIEFICL LW,

T, FUSEHBICOWTHRT 2, 3HMETERETIHEIIA, 2 2450 T, EotBic it
WLV, EBTRA V2, A2 FEBTRI SS9 54, A7V BE A
BWTIRI7 /X, A R/%, T/ XRE7H/XT, TN60MHEIR, FNAFNLEDOHBROKE
EREREOBERR * ZTHENTHETH I LFI LN D,

HEOHEREIAIE, MADFHERNOKRES (HMBEFLZTLRW) KE-THRYS, W, &
BASo6ErrO 7oy F#EE (BBHNS6FE, 74 YAELHTL BT oy FAZXLIT-Tw
25, FONOEAAPKAELERKTH 2.) ORBICETWT, ETEMBEOAKRT AL PHER
EDIAPIGEERD L E, FA4—-9NDLHIICT D, Thabb, A 7V4, =945 4f, EX2XY:
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(m:/ha) (m3/ha)
15 [ 15 )

o HEBHOBEHEH o REHOEEHRMN
10 | . o S EDRAME i | o CHEIDRIMME
B .o o. . * B . °
E 0" "% of . E 0P e *
%5 o %;EB’. 0}..’.00 R 5| ® %{ i 6 .
) ® i o o
0 80. gj:ﬁ%% 3 ’ o f ol LI o
. . )
e o
-5 . : : -5 : * : :
0 100 200 300 400 3 6 9 12 15
hel= O Hm () : FHERE (cm)
B4-6 half~YHMERRRE DOMHF H4-71 FHEZ:ABROMGE

40
7
odr
E
b 20
¥
10 ¢
| EEEELE HEH n..n.B g 0 o o T W
14 18 22 26 30 34 38 42 46 4 6 8 10 12 14 16 18 20 22 2¢ 26
Lok od - HIRS RO
®4-8 oy b (20mx20m) MR L SHE H4-9 54 MECLSHEOHABOL T

DHRABRD AT
ANRFINVEFLEGPYER L AOEMERL, FHEE HAT I MH->T, 05 ORHED
RSB GEST 2, Lirl, #icd 2 X RUF Y P75, EOMMERL, FHERED
WM E->T, FOBALHIMT 2, SO Lid, PHEEDOKXEMHESMILA R X RUF >
NYTTTROBMBRBIAHEE LB EERLTWE, —F, 41V, 7/ ¥R 20%29%
FRED LS CHERE D S VR, PHEEOKE S, RoIHBICL-T2BYBES AT,
BE—EORAERTbOLEZ LN, :

BHEOABRRIIOVL TR, ABILBOZMHE HBHT70%, EE4~82cm, FHEAE10.8cm,
T E6.5m, hady7: D A&%3,6674, ha¥y7: ) #iK287.9m’, WHE O HIRE68FE) H1i2100m X 100
MmOy b 2RI T, MEEES. 0cml LoMKICOWTIAMEREERL, BT 10 HKT
BRatd A,

M4—9it, TAMED [ EREFRRLALLOT, M4—10i2. [ 6 {EROAHRAD KT L1
Thd, WEOAHRRIL, M4 -9LM4— 102 HBLTHRDIZ LIck 3,

$9. 2EMICABE, 4R/ XUAOREIL, BEAYEULESHRRERL, MEAEHES
ERAHT. ZOEMATHI Y FARABT B Enbhd, —F. 427 X2 hRic kLU
BRLAWT Y FARTETRT. CHOOBMUNTI, A ¥F7Y5vnyyrABAEHRLAE
HAHT. 2OEAATRBINABERL, 27/ %, aNVEFRUSAL I VI F 1 FiR, 4 R/
X LM, EFERALVSI Y FASE. VavFavef B MER LR L. KRR TRRIIMC
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®4-1 (1) IREEEMHOMTMER (L3 : 318957

it i A #u M i |
(%&/ ha) EE (%) (m’ / ha) BlE& (%)
4374 2,936.5 37.03 75.348 50.51
4Y"a .5375 6.78 15.180 10.18
tAaz’ In 702.69 8.86 7.793 522
an' 24 574.0 7.24 5823 3.90
Yad¥adey 67.1 0.85 5.512 3.70
i1)% 195.5 247 3.826 2.56
v 294 263.2 332 2.835 1.90
577 )% 190.5 2.40 2.809 1.88
¥rEt 58.5 0.74 1.987 133
¥y3) 1883 237 1.940 1.30
Jag¥att 170.4 2.15 1.864 1.25
RN yeIn 4 228.0 2.87 1.855 1.24
ERZ 5 2143 2.70 1.657 1.11
)% 63.9 0.81 1.653 1.11
Jun’{ 62.1 0.78 1.569 1.05
13° )% 64.5 0.81 1338 0.90
W 713 0.90 1.046 0.70
779 1998 252 0978 0.66
(S350 51.1 0.64 0968 0.65
)% 426 0.54 0.968 0.65
i) 1024 1.29 0.952 0.64
9977 on" 239 0.30 0.873 0.59
FTAES 15.6 020 0.828 0.56
hn7) ek 80.7 1.02 0.733 0.49
t¥h% 1138 1.43 0.704 0.47
Fun vT97" % 244 0.31 0.531 036
Wevan'4{ 12.2 0.15 0.508 0.34
%)% 52.6 0.66 0.487 0.33
¥7" =904 29.2 0.37 0.449 0.29
TN YA 26.5 0.33 0.388 0.26
¥ Az 84.6 1.07 0373 0.25
A% 23 0.03 0353 0.24
13284 209 0.26 0.280 0.19
TANENMIE T 105 0.13 0.269 0.18
=954 14 0.02 0.252 0.17
10527 I 272 034 0.249 0.17
yaiin’ 403 0.51 0.249 0.17
e v 424 0.53 0.242 0.16
770 % 331 0.42 0.232 0.16
e’y 115 0.14 0.230 0.15
{30y 228 0.29 0.225 0.15
LHhEHE A 19.4 0.24 0.223 0.15
¥ 25.8 0.33 0.222 0.15
ynh'E 18.0 0.23 0212 0.14
#0457 12.7 0.16 0.205 0.14
714 (50 ¥K) 194.8 2.46 1.951 1.30
A it 7930.7 100.00 149.169 100.00
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Bi4-8 (2) EXRELESBROBEAME (FME8 . 180857

i - x # # i |
(& ha) & (%) (m’ / ha) #l& (%)
15" 4 2,483.0 4345 64951 61.93
(EVESULY 2542 445 15.853 15.11
YN z9h4 3454 6.04 2.593 247
V%Y 264.2 4.62 2493 2.38
an' et 292.8 5.12 2287 2.18
Fvh) ¥ 87.6 1.53 1.659 1.58
1097 eh’y 73.4 1.28 1.547 1.47
tAaz’ In 275.1 481 1.468 1.40
Thng) ok 163.1 2.85 1.410 1.34
FIN v¥)un A 282.0 493 1313 1.25
7h% 1269 222 1.232 1.17
)% 298 0.52 0931 0.89
yEE 71.1 1.24 0.761 0.73
$7° )% 883 1.55 0.659 0.63
{37% 291 0.51 0.529 0.50
Yah¥a0ef 944 1.65 0517 0.49
17" =944 83.2 1.46 0.498 047
PAIVREN T 993 1.74 0.480 0.46
¥ 4 68.5 1.20 0.460 0.44
Y4 613 1.07 0.440 0.42
13" )% 68.6 1.20 0416 ' 027
N+ 15.4 0.27 0.288 027
M7 428 0.75 0.286 0.27
¥UN° heal 216 0.38 0.238 0.23
7777 48.6 0.85 0.224 0.21
yun’ 4 6.3 0.11 0.178 0.17
Ey1) 36.4 0.64 0.164 0.16
)% . 423 0.74 0.161 0.15
AR % 49 0.09 0.156 0.15
a* YR 20.7 0.36 0.153 0.15
S 7k 412 0.72 0.144 0.14
Y A 8 6.7 0.12 0.116 0.11
A2 89 0.16 0.087 0.08
1WA 142 0.25 0.047 0.04
yilr’ 17.4 0.30 0.038 0.04
)1y 146 0.26 0.037 0.04
ISZb (] 14.6 0.26 0.037 0.04
yafa" V)% 16.8 0.29 0.032 0.03
a 3 5,676.1 100.01 104.687 99.98

_63_



®4-8 (3) RRECEMHOMEMR (FE - AR : 0885)

- & x # # 3 |
(#/ ha) #lE (%) (m’ / ha) ®E (%)
54 938.1 19.68 41.803 3347
87° 1% 2396 5.03 7.024 562
iR)% 126.3 265 4552 364
13" )% 2293 481 4392 352
7h)% 161.2 338 3.774 3.02
9977 0n" v 77.1 1.62 3555 285
tAar’ In 1219 2.56 3.407 273
¥ 983 2.06 3369 2.70
BN+ 1639 344 3303 2.65
P EVESUES S 1515 3.18 3.194 256
oI 4 143.7 3.02 2833 227
¥y3) 424 0.89 2.805 225
b % 81.7 1.7 2588 207
an' & 125.8 2.64 2260 1.81
490" B2 412 0.86 1.983 1.59
[ PUESUEY) 41.8 0.88 1.860 1.49
L e 66.8 1.40 1.651 1.32
TeEE 427 0.90 1.640 131
htsh'7 81.3 1.71 1519 122
" & 1003 2.10 1.445 1.16
ey 392 0.82 1317 1.05
Y z9h4 427 0.90 1.156 093
LA VA 57.6 1.21 1.138 091
FryevEd 79.5 1.67 1.126 0.90
772 121.8 2.55 1.060 0.85
THA{RL' D 435 0.91 0.985 0.79
vy 72.1 1.51 0.979 0.78
THIA ¥ 75.2 1.58 0.952 0.76
BAIVAEN T 117.8 2.47 0.937 0.75
Yayeyon'{ 273 0.57 0.935 0.75
hva)% 89.9 1.89 0.907 0.73
¥7°Un" % 77.6 1.63 0.850 0.68
vz’ 73.8 '1.55 0.665 - 0.53
Yabkab®)ed 58.4 1.22 0.661 053
/N WTD7T ¥ 233 0.49 0.599 0.48
*In h7° 345 0.72 0.549 0.44
Yao%a0h" ¥ 53.1 1.11 0.534 043
7% 209 0.44 0.507 0.41
yoh % 19.9 0.42 0.505 0.40
VEIN VEVES 196 0.41 0489 039
7in" )% 15.0 031 0.483 039
AN £ 25.1 0.53 0475 038
{37% 482 1.01 0.466 037
VEVINIE 219 0.46 0.453 036
¥7" =954 36.7 0.77 0414 033
)8 (48 @) 396.9 833 6.792 544
) &t 4,766.4 100.00 124,891 100.01
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Fi4-8 (4) FXRELEMHOBEME (FhEIR - 424877)

" - ¥ S # ¥ 5|
(X, ha) ElE (%) (m’ / ha) FE (%)
159" 4 2,502.5 34.89 67.944 47.90
AV 2 403.9 5.63 11.431 8.06
EAaA" o 563.9 7.86 6.614 4.66
Jal%agvy 69.8 0.97 5.193 3.66
an" yEf 469.1 6.54 4933 3.48
1A% 173.1 241 - 3.821 2.69
377 )% 196.3 2.74 3.593 2.53
YN Z9h4 221.0 3.08 2476 1.75
Jah¥ahEF 1633 2.28 2.082 1.47
Thl% 86.8 1.21 2.075 1.46
£y3) 151.6 2.11 2.044 1.44
131° )% 96.6 1.35 1.927 1.36
atad 55.7 0.78 1.863 1.31
INAVE: 536 075 1.465 1.03
1510995 0p"y 37.1 0.52 1.458 1.03
FAIVEFN T 189.4 2.63 1.458 1.03
KN yy)unT 4 183.0 2.55 1.447 1.02
Jont 4 50.4 0.70 1.243 0.88
b ¥ 32.4 0.45 1.229 0.87
i % 743 1.04 1.084 0.76
My 103.0 1.44 1.023 0.72
777 177.2 2.47 0.963 0.68
ML ¥ 383 0.53 0.726 0.51
BIHENT T 36.2 0.50 0.702 0.50
N7 Rk 68.1 0.95 0.619 0.44
A9V y)on 4 36.0 0.50 0.601 042
t¥h¥ 88.8 1.24 0.561 0.40
QS YESA M) 28.4 0.40 0510 0.36
hyten’ 7 373 0.52 0.502 0.35
Y7 =9h4 33.1 0.46 0.444 0.31
b2 B 437 0.61 0418 0.29
BADVAD B )% 8.6 0.12 0412 0.29
/N v7Y7" % 18.6 0.26 0.403 0.28
)% , 42.4 0.59 0.385 0.27
Weven'4 9.1 0.13 0381 0.27
Y77 UnT% 40.9 0.57 0350 0.25
yeiIA° 46.2 0.64 0326 0.23
¥ A7 69.3 0.97 0.320 0.23
a7 AV 8.6 0.12 0.320 0.23
VAYE 22 0.03 0312 0.22
7 Ny 22.8 0.32 0.309 0.22
wn By’ 16.7 0.23 0.268 0.19
ynd’ 17.6 0.25 0.263 0.19
(3<% 30.8 0.43 0.255 0.18
ThiA™ % 21.6 0.30 0.239 0.17
)74 (82 1) 353.1 492 4.854 341
A 7,172.4 100.00 141.846 100.00

-65-



RESINDI I ABWEL D, 2HELAAL
KLTABE, BRNZELFLEMEF
KNS TARAE Y B,

Kic, AULAIALRROKH:HWT, i
BEOSHHERZAR T, R4-100 &
TR D, Thubb, A2V 4R %M
DM BLHS0.877T%RL, RwTA ¥
A, ansxFM (0.719), anrEF,
Z43I2F,5M (0.698), 12/ %, 2
NEFH (0.681) DMEIENENLLER
BOWEDNHMERLTWS, #-T. b
DEHMIZIZEALRLBARICHRTILHZ
BIENTED, )

—F. T/ REZDOWTALE, 41994

: THa5m
: Sm<TH=10m

: TH>W0m
-2

=3
1

4224

= 0O p o

S o s oo o
.l —r—r—

L T - I - T
T———r—— —r T

60
=/ ¥
50 F

=

-

EHEN (m")

M4-9 EE@ER— 10 /Y

0.6 1.2 2.4 1.9.9,3 19.539.178.1156.3312.5625.01250.0 2500.0

Bi-9 FHARCHBOERNEL L OHEMAY

ol i 1 BB
4 F P A —0.668
4 2 /7 % 0. 356
P 7 J * 0. 040
/2N - T S ¢ 0.212
I¥eyvosd 0.321
TYRVTUTH 0.622
7 # ) * 0.198
EXa XY~ —0.241
AR ~0.108
Yay*aDEF 0.039
yR=v T4 ~0.445
h
A FuH AR
1= m———
/_’ B AR
,X___ﬁ Ca  MEAHFR
7w h
S TYTEAE | i
\ Ca EEMLSHR wPoH
L B R
i?jjjjjjfj: Co  READFIL
e
i KMEAE
/_\ Ch:  EEALAE S h4yA
L A BRI

4-10 2 RMAERIHAACHT D
ZE@R— 1 6 BAROBXE
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&4-10 HEMOSHEM (20m X% 20m)

BB v ol Ava AR mA T s R gl oo
494 1000 —0267 0115 0877 —0325 0674 0349 0719 0659 = 0.185
i“’;?z —0267 1000 0267 —0211 0048 ' —0079 0042 —0.18 0152 — 0078
4¥'a 0115 0267 1000 0263 — 0056 0083 0254 0565 0402 0037
4205 0.877 — 0.211 0.263 1.000 — 0.491 0.463 0415 0.681 0583 — 0.261

3% — 0325 0.048 — 0.056 — 0491 1.000 — 0156 — 0477 — 0.296 — 0.463 0.128
57 )% 0674 —0.079 0.083 0.463 — 0.156 1.000 0.115 0493 0531 —0.007

;;;; 0349 0042  025¢ 0415 — 0477 0115 1000 0387 0602 0062
& 0719 —018 0565 0681 — 029 0493 0387 1000 0698 —0.129
; ;ﬂ; 0659 0152 0402 0583 — 0463 0531 0602 0698 1000 — 0.169
7h/% —0185 —0078 0037 —0261 0128 —0007 0062 — 0129 — 0169 1000

30 (%)
A 40
25 | ,"f \ ”
* i b=100%5
B 2 fr’ \ c=1.0
g 15 F N7 \ cevmranssine 6= 2,0
10 } '
5 -
0 o ra—— . :
4 8 12 16 20 24 28 32 36 40 4 8 12 16 20 24 28 32 36 40
241 (cm) [ €230 (cm)
E4-11 74703 BCHET3cOMEFHENE M4-12 247 02B 65500 EA2HFRNEV

It LT—0.325, £ R/ XA LT=0.491, F ¥ TI77XHLT—0.477. Z0MhE OB
FICALTOADHMERLTWS, T3, =TT/ XA 7940 IALPICRY
SIBRICHRT AL E2RLTWS, CHLH L@, AXF 77720 7h/ XL
Hohd, CNLDIENRL, A FVA AR/ X, FT7 7% aNVEFREIA IS FAT%
12070 —74HRLTHETIORML, 2T/ 324X+ 707207y BERThEE

BMCHRTIMETHILFILNS,

2) HESTH
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