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Syntaxonomy and Syngeography of Korean Red Pine
(Pinus densiflora) Forests in Korea'
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ABSTRACT

We carried out a phytosociological study on pine forests in Korea with the method of
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Zurich-Montpellier School. We collected the data of 252 relevés from 45 sites in the pine forests
throughout the Korean Peninsula and its attached islands. The vegetation of the pine forests was
classified into one association, three communities and seven subcommunities as follows: A:
Quercus mongolica-Pinus densiflora community, A-1: Typical subcommunity, A-2: Vaccinium
koreanum subcommunity, A-3: Rhododendron micranthum subcommunity, B: Quercus serra-
ta-Pinus densiflora community, B-1: Typical subcommunity, B-2: Juniperus rigida sub-
community, B-3: Styrax japonica subcommunity, B-4: Eurya japonica subcommunity, C:
Saso-Pinetum densiflorae Yim et al 1990, and D: Castanopsis cuspidata var. sieboldii-Pinus
densiflora community. The former three communities were integrated into the
Lindero-Quercion mongolicae Kim 1990 em. 1992. The Castanopsis cuspidata var. sie-
boldii-Pinus densiflora community remained to be studied in future to determine the
association. The communities of Quercus mongolica-Pinus densiflora community was dis-
tributed throughout the montane zone in central-northern part of the Korean Peninsula.
Quercus serrata-Pinus densiflora community occupied widely in the sub-montane and hilly
areas in central and Southern Korean Peninsula. The association of Saso-Pinetum densiflorae
was found in Cheju Island. Castanopsis cuspidata var. sieboldii-Pinus densiflora community
were distributed in the warm-temperate zone including islands off the south-west coast of the
Peninsula.

KEY WORDS : DISTRIBUTIONAL AREA, KOREAN PENINSULA, PHYTOSOCIOLOGY, PINUS
DENSIFLORA, ZURICH-MONTPELLIER SCHOOL METHOD.

modified by the effects of human activities from ca. 2000
BP(Jo, 1979; Choi et al., 2005). In this process,
deciduous forests dominated by species such as Quercus

INTRODUCTION

lica, have b laced with pine forests b
Pine is distributed throughout almost all the northern mongotica, nave beell feplaced WIth pine foresis by

hemisphere from the Kamchatka Peninsula at the
eastern end of the European Continent to western
European margins, such as England, Spain and the

various human activities, including cultivation, burning,
fertilization and fuel collection(Kamada ef al., 1991;
Rim et al., 1991, Hong, 1998; Lee et al., 2001).
However, pine forests are also often observed in
exposed, rocky habitats or block fields where they
represent the edaphic climax(Chun et al., 2006).

Pine trees have long been used for their scenic
properties and timber production in Korea. During the
Koryo Dynasty(AD 918-1392) and Chosun Dynasty
(AD 1392-1910) they were conserved by law(Chun,
1993). These trees were treated with profound respect as
valuable national resources. As a result, pine seedling

Canary Archipelago. The genus Pinus contains 111
species, and Pinus densiflora, a wide-ranging species,
occurs throughout the region spanning Korea, Japan,
China and Russia, excluding Manchuria and the Santung
Peninsula(Nakai, 1911; Mirov, 1967; Richardson,
1997). In Korea, the pine forests cover the area from
Cheju Island(N 33°20") to Jeungsan, Hambuk province
(N 43°20")(Chung and Lee, 1965; Lee, 1976). They are
also found on all the major islands of Japan, apart from
Hokkaido, from Yakushima in the southern extremity of
Kyushu to Aomori in the northern tip of Honshu
(Yoshioka, 1958). These areas span climatic regions
ranging from subtropical through temperate to subarctic

nurseries and plantations of young trees were promoted,
and pine forests grew luxuriantly. However, during the
Japanese occupation of Korea(1910-1945), the Korean
War(1950-1953) and subsequent periods most of these
Jones. forests have been destroyed by thoughtless logging for
wartime resources, fuel collection and, more recently, by
pine gall midges(Lee, 1976; Rim et al., 1991). A number

of phytosociological studies on the pine forests in Korea

Many Pinus densiflora stands of the Korean
Peninsula are secondary forests: primary forests
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have been published from the late 1980s onwards.
However, these studies were mostly restricted to
specific regions or limited study sites in the montane
zone(Kim and Yim, 1986; Lee and Lee, 1989; Cho and
Hong, 1990; Lee et al., 1995; Bae and Lee, 1999; Yang,
2002). Therefore, to obtain a wider perspective, we have
considered the syntaxonomy, distribution and habitat
feature of the pine forests throughout the whole of
Korea.

MATERIALS AND METHODS

1. Study area

Korea is located in the Far East of the Euro-Asian
Continent(Figure 1). The Korean Peninsula extends
southwards towards the Japanese Archipelago along the
western rim of the Pacific, ranging from about 124 to
132° longitude and 33 ~43° latitude(Kwon, 1996).

Geologically, the Korean Peninsula is composed of
various strata, among which metamorphic, igneous and
sedimentary rocks account for about 50%, 30% and
20%, respectively, of the bedrock. The pine forests grow
especially well in the areas of Uljin, Bonghwa,
Cheongsong and Jeongseon where the underlying rocks
are mainly sedimentary or granitic. The forest soil of the
Korean Peninsula originates from various kinds of
rocks, and the pine stands have adapted accordingly. In
particular, the distribution of pine forests of the
central/southern higher montane type(Uyeki, 1928)
coincide with that of the Brown Forest group of soils,
and these stands tend to have strong height growth
compared with forests growing on Red, Maroon and
Gray Brown Forest soils(K.F.R.1., 1999; Lee, 1998; Lee,
1999).

According to Koppen's climatic criteria, the Korean
Peninsula is divided into Cf and Dw zones(Cha et al.,
1975). The mean annual temperature of the study areas
is about 10~16C. The mean annual precipitation is
about 1,000~1,800mm, and 50~60% of the
precipitation falls in the summer season(KMA, 2001).

In terms of vegetation, the coastal area of the southern
part of the Korean Peninsula and Cheju Island lie in a
warm-temperate forest zone. Kira's warmth and
coldness indices(Kira, 1948) of these areas are 108.1 ~
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Figure 1. Map showing the study sites

Numerals indicate the following stations and number of
quadrat be included in each station: 1. Mt. Noin(383m),
Mt. Goseong(179m): 2; 2. Mt. Seorak(1,708m): 24; 3.
Mt. Maebong(1,271m): 2; 4. Sokcho: 8; 5. Yangyang: 5;
6. Mt. Odae(1,563m): 9; 7. Mt. Juklim(641m), Mt.
Deokgo(705m): 5; 8. Mt. Chiak(1,288m): 6; 9. Mt.
Gamakbong(886m), Mt. Yongdu(871im): 2; 10. Mt.
Baegun(904m): 4; 11. Mt. Bukhan(837m): 4; 12. Mt.
Yongmun(1,157m): 7; 13. Ganghwado Island: 3; 14.
Backryeongdo Island, Daecheongdo Island: 7; 15.
Anmyeondo Island: 5; 16. Mt. Chilgab(561m): 4; 17.
Mt. Gyeryong(845m): 5; 18. Mt. Songli(1,058m): 5; 19.
Uljin: 21; 20. Mt. Juwang(721m): 7; 21. Mt. Geumo
(977m): 4; 22. Mt. Palgong(1,192m): 5; 23. Gyeongju
(Mt. Nam(262m), Angang): 4; 24. Weolseong: 4; 25.
Miryang: 3; 26. Gori: 3; 27. Geojedo Island: 8; 28. Mt.
Gaya(1,430m): 7; 29. Geochang: 2; 30. Sancheong: 1;
31. Hamyang: 1; 32. Hadong: 4; 33. Mt. Deokyu(1,614
m): 3; 34. Buan: 5; 35. Gochang, Mt. Gyeongsu(444m),
Mt. Soyo(444m): 7; 36. Namweon: 6; 37. Mt. Jiri(1,915
m): §; 38. Yeonggwang, Mt. Geumjeong(264m): 7; 39.
Jangseong, Mt. Bangjang(606m): 5; 40. Mt. Mudeung
(1,187m), Hwasun: 5; 41. Suncheon: 3; 42. Mt.
Palryeong(609m): 4; 43. Mt. Duryun(703m): 3; 44.
Bogildo Island: 6; 45. Mt. Halla(1,950m): 9.
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126.1C-month and -8.0~0.0'C:month, respectively,
while the inland area is in a cool temperate deciduous
broad-leaved forest zone(Yim and Kira, 1975), where
the warmth and coldness indices are 85.9~114.2°C.
month and -27.6 ~-12.8 C-month, respectively.

The study sites included montane areas, hills, islands
and coastal regions in Korea. The fieldwork was carried
out in the 45 selected sites using 252 relevés from May
1994 to August 2002 (Figure 1).

2. Methods

The fieldwork was carried out following the
phytosociological method of Braun-Blanquet(1964).
The coverage and abundance in each plot were
determined for all herbaceous plants, shrubs(0.8 to 2m),
understory trees(2 to 8m), and overstory trees (>8m).
Stems of the understory and overstory species were
counted for more than 2cm diameter at breast height
(DBH) in each quadrat. Plot sizes were based on stand
heights, and varied from 10x10m to 25x25m. The data
in the synthesis and association tables were processed
according to hand-sorting method of Mueller-Dombois
and Ellenberg(1974). while botanical nomenclature
follows Ohwi(1978), Lee(1985) and Park(1995).

Contributions of species in classified units were
ranked by relative values of the net contribution degree
(r-NCD). The NCD and r-NCD values were obtained
from functions considering both coverage and
frequency of species for the respective units(Kim and
Manyko, 1994), as follows:

NCD; = Ci/N % n/N(Cyin <NCD < Ciax)

where C; is the coverage of species i, n; is the number
of relevés with the species ;, and N is the total number of
relevés in a unit.

r-NCD; = NCDi/NCDpyex * 100

NCD;: NCD value of i species of certain species in a
unit

NCDpax: maximum NCD value of certain species in
a unit

RESULTS AND DISCUSSION

1. Classification

The Pinus densiflora forests in Korea were classified
according to the phytosociological system shown in
Table 1. Site characteristics for each relevé within
communities of pine forests are presented in Table 2, 3
and 4. The pine forests in Korea were classified one
association, three  communities and seven
subassociations as follows:

Rhododendro-Quercetalia mongolicae Kim 1990
I : Lindero-Quercion mongolicae Kim 1990 em. Kim
1992
A: Quercus mongolica-Pinus densiflora community
A-1: Typical subcommunity
A-2: Vaccinium koreanum subcommunity
A-3: Rhododendron micranthum subcommunity
B: Quercus serrata-Pinus densiflora community
B-1: Typical subcommunity
B-2: Juniperus rigida subcommunity
B-3: Styrax japonica subcommunity
B-4: Eurya japonica subcommunity

C: Saso-Pinetum densiflorae Yim et al. 1990
Camellietalia japonicae Oda et Sumata 1966

II: Ardisio-Castanopsion Miyawaki et al. 1971

D: Castanopsis cuspidata var. sieboldii-Pinus

densiflora community

The most frequent species in the Pinus densiflora
forests of Korea were as follows: Quercus serrata,
Lindera obtusiloba, Rhododendron mucronulatum,
Spodiopogon sibiricus, Rhus trichocarpa, Artemisia
keiskeana, Smilax china, Atractylodes japonica, Carex
humilis, Q. mongolica, Aster scaber, Prunus sargentii,
Q. variabilis, Lespedeza maximowiczii, Pteridium
aquilinum var. latiusculum, Disporum smilacinum and
Pyrola japonica.

2. Characteristics of orders and alliances

Pinus densiflora occurs mainly in the deciduous
broad-leaved forest zones, from temperate to subtropic
regions. The pine stands are secondary forests in a
successional stage that has been maintained by human
activities. The area of its distribution has therefore
enlarged beyond its edaphic climax region(Lee, 1976)
and the forests have developed under a range of edaphic
and topographic conditions. Because of their diversity,
the vegetation units of the pine forests have not been
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Table 1. Synthesis vegetation table of Pinus densiflora forests in Korea

Rhododendro—-Quercetalia mongolicae Kim 1990

I Lindero—Quercion mongolicae Kim J.-W. 1990 em . Kim 1992
Al Quercus mongolica-Finus densiflora community

A-1: Typical subcemmunity
A-2: Vaccinium koreanum subcommunity

A-3: Rhododendron micranthum subcommunity
B: Quercus serrata-Pinus densifiora community

B-1: Typical subcommunity
B-2: Juniperus rigida subcommunity
B-3: Styrax japonica subcommunity
B-4: Eurya japonica subcommunity
C: Saso-Pinetum densiflorae Yim et a/. 1990
Camellietalia japonicae Oda et Sumata 1966
11> Ardisio-Castanopsion Miyawaki ef @/. 1971

D: Castanopsis cuspidata var. sfeboldii—Pinus densifiora community

Vegetation units:

A B

A-1 A-2 A-3 B-1 B8-2 B-3 B-4 c b
Number of relevé: 42 9 10 61 35 57 23 9 6
Average number of species: 29.9 29.2 25.4 39.2 32.9 41.1 45.2 26.8 25.2
Di tial species of Quercus lica-Pinus densiflora_community
Quercus mongofica V(+5)  V(1-4) W5 W(E#=3)  1(+2) II(+-3) I (+)
Chrysanthemum zawadskii H{(+-2)  IV(H+-2) 1 (+-1) r . :
Viola orientalis 1 (+-2) () {+) 1 (+-2) 1(+) r
Differential species of koreanum subcc Inity
Vaccinium koreanum
Differential species of Rhododendron ubce Inity
Rhododendron micranthum r
Differential species of Quercus serrata-Pinus densiflora community
Quercus serrata H(+=1) 11(+) W+ | vi+=4)  V(#-3)  V(+4)  V(+-3) I (+=1)
Carex lanceolata 1 (+-1) | (+) =1 1#=4)  (+=2)  I(+=3)  li(+-2) : .
Zanthoxylum schinifolium 11 {+) 1{+) 1 (+-2) 11{+} h{+=1) lHl{+) 1)
Smilax nipponica 1{(+~1) . . W#+=2) 1 (+=1)  li(+=1) [ (+} :
Calamagrostis arundinacea 1{+-1) 1 {+) 1(1) M=) EF=1) ni(+=2) t(+) .
Viburnum erosum 1 (+) : . 1{(+=2)  H{#-1) V(+=3)  li{+-2) V(+)
Oblismenus undulatifolius | (+-1) . 1 (+) N+-2)  1E-1) (+=2)  §1{(+=2) -
Corylus heterophylla var. thunbergii 1(+) 1{(+) . 11(+) 1{(+-2)  Ni(+-1) I (+) .
Paederia scandens r : r 11 (+) H(+=1) t{+=1) V(+)
Lindera glauca . . 1 (+) W+=1) 11 i-1) .
Isodon inflexus r ' I (+) I (+) I (+) I (+=1) I (+)
Celastrus orbiculatus r 1 (+) : 1 (+) I (+) 11{+) I (+)
Quercus aliena : : 1 (+) 1(#-2)  D(#+=3) 1 {(+2)  U{+-3)
Rhus chinensis [ (+=1) 1{+) 1{#=2)  1(+1) H{+-2) 1 (+)
Platycarya strobilacea . . . r 1{+) fH{+-2)  M(+=1)
Quercus dentata 1(+) 1(+) Jo=2) (=3 1 (+-2) (1)
Differential species of Juniperus rigida subcommunity
Juniperus rigida i (+) i (+) 1(+) N1 H-1) : 1(+)
Rhododendron yedoense var. poukhanense . i (+) r Il (+-4 1 (+) 1t (+-3) 1 {+) .
Differential species of Styrax japonica subcommunity
Styrax japonica 1 (+=1) : : F#=1) (1) W(+-4)  11(+-3)
Quercus variabilis Il (+-2} L+ IVE-4)  D(+=3)  N(+-3) [ IV({+-4 11 (+=1)
Differential species of Eurya japonica subcommunity
Eurya japorica . V(+-3)
Trachelospermum asiaticum var, [(+) I (+—4 V(1)

intermedium

Character and differential species of Saso-Pinetum densiflorae
llex crenata . r r H(+) V(+-1)
Sasa quelpaertensis . v {(5)
Quercus mongolica var. grosseserrata V(+-2)
Asarum maculatum r V(+-1)
Pruntis maximowiczii r W{+=1)
Schizophragma hydrangeoides - W(+-1)
Mitchella undulata r (+-1)
Daphniphylium macropodum - - - . - Il (+-4)
Character and differential species of Lindero-Quercion mongolicae and Rhododendro-Quercetalia mongolicae
Lindera obtusiloba W(+=2)  V{+=1)  Ii(+=1) V(+-2) IH(+=1)  W{+=3)  M(+-2) 1 (+) 1(+)
Rhus trichocarpa W(+-2)  IV(+3) () W(#+=3)  IV(+-2)  IV(+-2)  I{(+-2) - 1 (+)
Lespedeza maximowiczii iH{+-2) (+) L) IV#=3) 1) V1) (+-2) -
Fraxinus sfeboldiana H{(1-4)  IV(1-2) V(+-2) 1(+=3) ME=3) W(+-4) I (+-3) 1(+)
Fraxinus thynchophylia f{+-2) I1(+) L) IV(+-3) P #-2) () :
Rhododendron schiippenbachii H{+=3)  V(+-4) (1) (+=4)  N(+=3) 11 (+-85) 1 (+-2)
Lespedeza bicolor H{+=1)  B(+=1)  W{#=1) W) #+=1) n(+=2)  11(+-2)
Styrax obassia H(+=3)  W(+=1)  H{=1)  li(+-4) I (+) 1H(+-1) t(+) :
Acer pseudo-sieboldianum Il (+-3) 1V(+) 1) H(+=4) 1 (+=1) IV (+) 1(+-3) v+
Carpinus laxifiora I (+~1) . - It {(+-5) r 1{+-3)  N{+=3}  IV(+-4)
Weigela subsessilis 1 {(+-3) I {+} | (+) | (+-3) r ] {(+-1) ] {+-1) 1{+)
Ligustrum obtusifolium 1(+) . i(+) 1 (+-1) 11(+) H{+=1) ni(+)
Carex ciliato-marginata ‘ 1(1) RG] r L=1)  0(=2)  H{+-3) 1+




262 Young-Moon Chun - Ho-Joon Lee - Ichiroku Hayashi shE A eee] 2] 21(3) 2007

Table 1. (Continued)

Differential sp of C: i i var, sieboldii -Pinus densiflora community
Quercus myrsinaefolia . - - V(+-1)
Castanopsis cuspidata var. sieboldii . . . - . . . - v(1-3)
Raphiofepis umbeliata . - - - . . r - Wi+
Character and differential species of Ardisio-Castanopsietum sieboldii
Cymbidium goeringii . - . r 1{+=2)  N(+=1)  (+=1) - Vi+)
Ophiopogon japonicus . . . . T 1+ i) V() Vi+)
Ardisia japonica . . . . W(+=1}
Kadsura japonica r . : : : : 1 (+) : V()
Stauntonia hexaphylla . . . . . . 1 (+) . {+)
Quercus salicina . . . . . . n{1-2)
Character species of Camellietafia japonicae and Camellietea japonicae
Ligustrum japonicum . . - . r . 1 (+-1) - Vi+)
Camellia japonica . . - - . . 1{+) - v{1-3)
Neolitsea sericea : . . - . . 1 {+) - V(+}
Quercus acuta : - N(+=1)
Companions
Pinus densifiora V (4-5) V(5] V({4-5) V(4-5) V(4-5) V(4-5) V(4-5) v (5) V (4-5)
Rhododendron mucronulatum W(H3) V(+-3)  W(I-3)  IV(+-5)  V(+-5)  W(+-3)  Ii(+-3) 1t (+) 1§ (+)
Spodiopogon sibiricus V(+=4)  Iv(+-1) V(1-2)  IV(E=3) Iv(+-2)  IV(+=3) H(+-2) : .
Artemisia keiskeana W(+=2)  W(+-2)  W(+-1) Iv(+-2)  (v(+-2)  li(+-1) 11(+-2) : -
Smilax china t(+) 1{+) 1+ H+1)  W(E#-2)  V(+-2) IV(+-2) V(+) V(+=1}
Atractylodes japonica W(+-1) () W1} HI(+=1) W{+-1) W(+-1) m+) . .
Carex humilis W(+-3)  V(+-2)  IV(1-2)  {(+-3)  I(+=3)  H(+=2)  {+-4) . 1 (+)
Aster scaber 1) W= VE=1) 1) E=1) V1) v (e=1) : 1)
Prunus sarsentii H(+=1) i) : H{3) H(+=2)  V(E=2)  Iv(+-1) 1(+) :
Pterigium aquilinum var. latiusculum I (+-1) 1{+) P N+=2) e=2) W{+=2) (#+-2) ) W+
Pyrola japonica W (+-1) 1(+-1) 1(+) W{+=1)  W{+=2)  HI+-1)  N{+-2) . Iv(+)
Polygonatum odoratum var. plurifiorum W(+-2)  IV(+-1) 1(+) N+=1) =) =) 1 (+=1) . 1{+)
Symplocos chinensis for. pilosa IH(+-1) 11 (+) 1(#)  Ni{+1) 1 (+) M=) +=1) : N+
Disporum smilacinum [(+=3)  lI{+-1) . 1l (+-4) | (+=4)  {+=4)  NI{+-5) V{+) V)
Stephanandra incisa | (+-2) - 1 (+) M(+=3) W1 WE+=3)  t+=3) . .
Sorbus alnifolia I (+=1) I {+) 1#) =1 TE=1) W#=3) H{+-1) 11(+) 11(+)
Parthenocissus tricuspidata | (+-2) . . W-2) W1 WE-2) L (+) Wi+-1) .
Patrinia villosa 1 (+-1) 11(+) W(+=1) Il (+=1) I(+-1) 11(+) 1 (+) .
Smifax sieboldii 1(+) 11 (+) : (1) (=1 (+=1) 11+ 11{+) :
Castanea crenata r 1 (+) 1{+) (+=2)  0(+=3)  i+=1) 1 (+) . 1{+)
Peucedanum terebinthaceum i (+-1) V(+) H{+) I (+-1) t{+) 1 (+) 1 (+) .
Cocculus tritobus 1(#) 1(+) 1(+) i+ WEE=1) =) =1
Potentilla freyniana 11{+-1) L+ M1 H(e=1) 1(+=2) 1 (+-1) t(+) . .
Lindera erythrocarpa r - . | (+-1) 1(+=1) N(+=3)  W{+=1)  H(+=3) 1 {+)
Sofidago virga-aurea var. asiatica 1(+) . HH#+1) 1(+=1) 1 (+) ) 1{+) - .
Callicarpa japonica 1 (+) - 1(+) 11 (+-1) 1{+) (=1} 1(+2)
Carex siderosticta i {+=1) . : Wr=2) 1 (=3 1) i (e-2) -
Melica onoei P(+-3)  {+-1) : F(#=1) B =1 1=1) . I (+)
Lespedeza cyrtobotiva 1{+-1) (1) It (+) | (+-1) | (+-3) r | (+1) - .
Melampyrum roseum 11{+-3) | (+) : | (+-3) 1 (+) 1{+) I (+=1) (1)
Rubus crataegifolius 11{+-1) 11(+) . 11 (+=1) 1(+) 1(+=1) 1 (+-2) . .
Vaccinium oldhami : : : ' +=3)  H(+2)  1+-2) I1(+) 1t(+)
Dioscorea japonica r - 1 (+-1) 1+ 1(+) 1{+) - I (+)
Syneilesis paimata 1 (+) . 1) 11 i I(+) iH(+) : :
Kalopanax pictus I (+) - 1+ 1(+) I (+=1) 1 (+) N{+=1)
Rosa multifiora r - 1 (+) I (+) 1) (1) (1) I (+)
Viola rossii 1{+1) 11{+) 1{+) t{(+-1) r 1{+=1)  H(+2) 1 {+)
Chiysanthemum zawadskii var. latilobum | {(+-2) =) b (#=2) 1{#-1) s r :
Platycodon grandifforum 1 (+) . 1 (+) 1(+) 11 (+) 1(+) . .
Hosta longipes 1 (+) 1(+) - 1 (+=1) 1(9) F(+=1) 0 (1) 1) .
Indigofera kirilowi r | (+) - r H#=2)  11(#=2) 1 {+-2) : 11(+)
Vitis amurensis () : 1{+-1) r 1 (+) I (+) :
Viola dissecta var. chaerophylloides | (+=1) 1 (+) 1 {+-1) f PE-1) 1(+-2)
Miscanthus sinensis var. purpurascens r 1 (+) - 1 (+=1)  N(#-2)  1{(+=2)  1{(+-3) .
Maackia amurensis 1(+) I+ 1 (+) 1+-1) 1{#=2) 1 (+) 11(+)
Ampelopsis brevipedunculata var. [ (+) 1 {+) 1 (+) re I (+} [ (+) 1(+)
heterophylla
Pueraria thunbergiana r . 1(+) 1(+) t+) 1(+) I (+) : 1{+)
Hemerocallis fulva 1{+) . | (+-1) 1{+) L) L+ ‘
Robinia pseudo-acacia r - 1{+) 1(+=1)  H{+=2) 1+ . - .
Lonicera japonica : - 1{+) 1) 1{+) i(+) I (+) - 1 {+)
Lysimachia clethroides 1 (+-1) 1 (+) 1 {+) 1 () 1 (+=1) ) (+) §(+) : .
Lonicera praefiorens 1 (+) : 1{+) : H#) 1(+) - 1+
Potentilla fragarioides var. major r - 1(+) 1(+) 1 (+1) 1(+) 1 (+1) . .
Clematis mandshurica 1 (+) 1(+) 1{+) 1+ 1) 1{+)

Astilbe chinensis var. davidii I (+) 1H(+) 1 (+) 1 {+) f 1{+) r
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straightforward to determine with the phytosociological
method. In addition, the species composition and
physiognomy of the communities are complex, due to
the interacting influences of successional stages,
lumbering, forest fires and afforestation(Toyohara,
1973; 1984). Nevertheless, Suzuki(1966) classified the
pine forests of Japan into four associations based on
ericaceous plants found in the shrub layer, classing the
Pinus densiflora forests as Pinion densiflorae Suzuki
1966.

In Korea, the pine forests have also been classified
using the ericaceous plants(Kim and Yim, 1986; Yim
and Kim, 1992). However, in the Korean pine forests
these species, especially Rhododendron mucronulatum
and R. schlippenbachii, have extensive distributions,
with no clear preferences for specific types of site.
Therefore, we conclude that using Rhododendron
species as character species for classifying the
vegetation would present major difficulties. Instead, the
pine forests should be classified using species whose
distributions in Korea are correlated with latitude and
elevation(Song, 1992), as in the study presented here.

(1) Rhododendro—Quercetalia mongolicae Kim 1930

Lindero-Quercion mongolicae Kim 1990 em. Kim
1992

Character and differential species: Lindera obtusilo-
ba, Rhus trichocarpa, Lespedeza maximowiczii,
Fraxinus sieboldii, F. rhynchophylla, Rhododendron
schlippenbachii, Lespedeza bicolor, Styrax obassia,
Acer pseudo-sieboldianum, Carpinus laxiflora, Weigela
subsessilis, Ligustrum obtusifolium, Carex cil-
iato-marginata.

The order Rhododendro-Quercetalia mongolicae was
divided into Pino koraiensis-Quercion mongolicae and
Lindero-Quercion mongolicae. The former occurred in
the northern parts of the Korean Peninsula, while the
latter occupied stands on the slopes and ridges of the
montane zone(below 1,400m) in the middle parts of the
Korean Peninsula(Kim, 1990). The observations
suggest that most stands should be included in this
alliance except Castanopsis cuspidata var. sieboldii-
Pinus densiflora community stands in the warm-
temperate zone.

(2) Camellietalia japonicae Oda et Sumata 1966

Character species: Camellia japonica, Eurya
Japonica, Castanopsis cuspidata var. sieboldii and
Neolitsea sericea.

This order contains two alliances: Ardisio-
Castanopsion and Pittosporion tobira

1) Ardisio-Castanopsion Miyawaki et al. 1971

Character  species:  Cymbidium  goeringii,
Ophiopogon japonica, Ardisia japonica, Stauntonia
hexaphylla, Kadsura japonica and Quercus salicina.

Castanopsis  cuspidata  var.  sieboldii-Pinus
densiflora community, investigated in Bogildo Island,
Wando province is included to the alliance Ardisio-
Castanopsion. Bogildo Island is covered by an
evergreen broad-leaved forest and its warmth and
coldness indices are 111.9°C-month and -3.6 C-month,

respectively.

3. Characteristics of the association and

communites

A. Quercus mongolica—Finus densifiora community

Differential  species:  Quercus
Chrysanthemum zawadskii and Viola orientalis.
This community was mainly distributed in

mongolica,

geographically similar, although much higher, areas to
Quercus serrata-Pinus densiflora community. In other
words, it tends to occur at high altitudes in the southern
parts and at low altitudes in the central, sub-montane
parts of the cool temperate zone. Lee and Lee(1989),
who surveyed the pine forests in Korea, reported that Q.
mongolica tends to be the most abundant of the dominant
Quercus spp. group at higher latitudes.

In summary, this community was dominated by Pinus
densiflora in the tree layer and Quercus mongolica in the
subtree layer. It mainly occupies the steep slopes, drier
sites on the upper slopes and ridges of the montane zone
in central-northern parts of the Korean Peninsula. The
succession of this unit is expected to give rise to Q.
mongolica forests in the future except in edaphic climax
regions(Choung and Yang, 1998; Kil et al., 1996;
Choung and Hong, 2006).

Quercus mongolica-Pinus densiflora community
was divided into three subcommunities: Typical
subcommunity, Vaccinium koreanum subcommunity
and Rhododendron micranthum subcommunity.
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A—1. Typical subcommunity

This subcommunity was distributed more
extensively in the mountainous regions of the study area,
compared to the Vaccinium koreanum subcommunity
and Rhododendron micranthum subcommunity, which
had more patchy and localized distributions. This unit
was recognized mainly between 300m and 800m a.s.l,,
although the altitudinal range covered differed at various
latitudes on Mts. Seorak, Maebong, Odae, Juklim,
Deokgo, Chiak, Gamakbong, Baegun, Bukhan, Yongdu,
Chilgab, Gyeryong, Juwang, Palgong and Jiri(Figure 1).

The slope was 27.5° and the average number of
species per relevé was 29.9(range 9~54)(Table 1, 2).
The subcommunity mostly showed three to four layers,
but sites with two layers were observed in some regions
adjacent to rocky sites. The average tree height was 14
m, and the coverage of the tree, subtree, shrub and herb
layers was 85.8%, 37.3%, 43% and 42.7%, respectively.
The major dominant species, in order of -NCD(Table 5)
are as follows: Pinus densiflora(100.0), Quercus
mongolica(23.1), Carex humilis(8.7), Rhododendron
mucronulatum(8.6), Spodiopogon sibiricus(7.9), R.
schlippenbachii(3.4), Artemisia keiskeana(3.2), Rhus
trichocarpa(1.8), Q. variabilis(1.8), Fraxinus sieboldii
(1.6), Polygonatum odoratum var. pluriflorum(1.5) and
Styrax obassia(1.2).

A=2. Viaccinium koreanum subcommunity

Differential species: Vaccinium koreanum.

This subcommunity was found on upper slopes
ranging from 420m to 820m a.s.l. in the Uljin area and
ridges of Mts. Seorak, Odae, Songli and Palgong(Figure
1). Yaccinium koreanum has been previously described
species
subcommunity, a drier type of Quercus mongolica
community, which repeatedly occurs in a discontinuous

as a main of Vaccinium koreanum

belt on prominent topographical features with Q.
mongolica (Kim, 1990; Lee et al., 1994; Song, 1988). In
the present study, this subcommunity was found to be
restricted to the ridges and mother rocks of exposed
stands.

The average slope and number of species per relevé
were 30.0° and 29.2(range 12 ~46), respectively. The
subcommunity was composed of four layers. The
average tree height was 15.2m, and cover values were

87.2% in the tree layer, 44.4% in the subtree layer, 67.2%
in the shrub layer, and 52.2% in the herb layer (Table 1,
2). The major dominant species in order of relative NCD
were: Pinus densiflora(100.0), Quercus mongolica
(27.1), Rhododendron schlippenbachii(23.9), R.
mucronulatum(21.8),  Vaccinium  koreanum(7.9),
sieboldiana(6.8), humilis(4.6),
Chrysanthemum zawadskii(3.9), Rhus trichocarpa
(3.9), Artemisia keiskeana(2.3) and Spodiopogon
sibiricus(2.2)(Table 5). Kang and Lee(1991) classified
the Pinus densiflora association as belonging to the

Fraxinus Carex

subassociation, describing it as having three strata and
simple floristic composition in the Mt. Songli area.

A-=3. Rhogodendron micranthum subcommunity

Differential species: Rhododendron micranthum.

Rhododendron . micranthum subcommunity was
found to the Uljin region among the areas studied(Figure
1). This subcommunity, which includes Quercus
mongolica, occurred mainly in stands on mid and upper
slopes and mountain ridges of the range at about 300m
a.s.l. However, it also occurred in some localities
adjacent to block fields, although it was associated with
Q. variabilis in rocky sites. The forest showed relatively
high coverage, especially in open stands. Rhododendron
micranthum, a shrubby, evergreen, broad-leaf plant is
found in sunny sites at the feet of mountains in
Gyeongbuk, Chungbuk and Gangwon provinces in the
central part of the Korean Peninsula(Lee, 1996). Yun
and Hong(2000) reported that the Rhododendron
micranthum community(differential species:
Rhododendron micranthum) occurs in Pinus densiflora
var. erecta forests of the Uljin area.

The average slope and number of species per relevé
were 35.7° and 25.4(range 16 ~48), respectively. The
subcommunity had four layers, the average tree height
was 13.3 m and the coverage was 85.5% in the tree layer,
47.5% in the subtree layer, 46% in the shrub layer and
33% in the herb layer(Table 1, 2). The dominant species
in order of relative NCD were Pinus densiflora(100.0),
Quercus mongolica(27.7), Rhododendron micranthum
(15.1), Spodiopogon sibiricus(8.7), Q. variabilis(8.5),
sieboldiana(1.9), humilis(4.9),
Artemisia keiskeana(2.2), Chrysanthemum zawadskii
var. latilobum(1.6) and Aster scaber(1.1). The

Fraxinus Carex
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Table 5. Relative net contribution degree(r—NCD) values on each community of Pinus densifiora forests in Korea

A: Quercus mongolica~Pinus densiflora community B-2: Juniperus rigida subcommunity
A-1: Typical subcommunity B-3: Styrax japonica subcommunity
A-2: Vaccinium koreanum subcommunity B-4: Furva japonica subcommunity
A-3: Rhododendron micranthum subcommunity C: Saso-Pinetum densiflorae Yim ef a/. 1990
B: Quercus serrata—Pinus densiflora community D Castanopsis cuspidata var. sieboldii
B-1: Typical subcommunity -Pinus densiflora community

Vegetation units: A B c D
A1 | A2 | A3] B1]821]83] 84

Number of relevé: a2 1 9 T 10 61 ] 35 | 57 | 23 9 6

Character and differential species of association and communities

Quercus mongolica 231 271 27.7

Chrysanthemum zawadskii 0.8 3.9

Viola orientalis 0.3 0.1

Vaccinium koreanum . 7.9

Rhododendron micranthum : :

Quercus serrata 0.4 0.1

Carex lanceolata m m

Zanthoxyium schinifolium -

Smilax nipponica

Calamagrostis arundinacea

Viburnum erosum

Oplismenus undulatifolius

Corvius heterophviia var. thunbergii

Paederia scandens

Lindera glauca

/sodon inflexus

Celastrus orbiculatus

Quercus aliena

Rhus chinensis m

Platycarya strobilacea

Quercus dentata

Juniperus rigida

Rhododendron yedoense var. poukhanense

Styrax faponica m

Quercus variabilis 1.8 m 8.5 0.5

Eurva japonica . . , :

Trachelospermum asiaticum var. : : . . m

intermedium

flex crenata : : : : m

Sasa quelpaertensis : : . : . . : 1

Quercus mongqolica var. grosseserrata - - - - - :

Asarum maculatum

Prunus maximowiczii

Schizophragma hydrangeoides :

Mitchella undulata : : : . . m

Daphniphyllum macropodum : : : : : :

Quercus myrsinaefolia 3.6

Castanopsis cuspidata var. sieboldii : : : : : : . : 19.2

Raphiolepis umbellata 0.5

Character and differential species of Lmdero-Quercmn mongollcae and Rhododendro-Quercetalla mongollcae

Lindera obtusiloba 1.2 1.7 1.0 1.8 0.3 1.6 1 0 m m

Rhus trichocarpa 0.3 1.0 .
1
A
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Acer pseudo-sieboldianum
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Weigela subsessilis

Ligustrum obtusifolium

Carex ciliato-maraginata 0.1
Character and differential species of Ardnsno-Castanopsletum S|ebold||
Cymbidium goeringii

Ophiopogon iaponicus : : . . m
Ardisia japonica . . .
Kadsura japonica m

Stauntonia hexaphvila :
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Table 5. (Continued)

Companions

Pinus densiflora

Rhododendron mucronulatum

Soodiopogon sibiricus

Artemnisia keiskeana

Smilax china

Alractylodes japonica

Carex humilis

Aster scaber

Prunus sarsentif

Pteridium aquifinum var. jatiusculum

Pyrola japonica

Polygonatum odoratum var. pluriflorum

Symplocos chinensis for. pllosa

Disporum smilacinum

Stephanandra incisa

Sorbus alnifolia

Parthenocissus tricuspidata

Patrinia villosa

Smilax sieboldii

Castanea crenata

Peucedanum terebinthaceum

Cocculus trilobus

Potentilla frevniana

Lindera erythrocarpa

Solidago virga—aurea var. asialica

Carex siderosticta

Callicarpa japonica

Melica onoei

Lespedeza cyrtoboirya

Melampyrum roseum

Rubus crataegifolius

Vaccinium oldhami

Dioscorea japonica

Syneilesis palmata

Kalopanax pictus

Aosa multifiora

Viola rossii

Chrysanthemum zawadskii var. latilobum

Platycodon grandiflorum

Hosta longipes

Indigofera kirilowi

Vitis amurensis

Viola dissecta var. chaerophylloides

Miscanthus sinensis var. purourascens

Maackia amurensis

Ampelopsis brevipedunculata var.
heterophvila

Pueraria thunbergiana

Hemerocallis fulva

Hobinia pseudo-acacia

Lonicera japonica

Lysimachia clethroides

Lonicera praeflorens

Potentilla fragarioides var. mafor

Clematis mandshurica

Astilbe chinensis var. davidii
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100.0 100.0 100.0 100.0 100.0 100.0 100.00
6.7 19.4 4.0 3.9 0.1 0.1 717
5.4 3.7 1.7 0.5 : : 3.39
3.8 3.1 1.1 0.8 : : 217
0.4 1.9 1.5 4.0 11 1.1 0.89
0.4 0.9 0.5 0.2 : : 0.51
4.6 4.0 1.0 2.2 m 3.42
0.3 0.4 0.8 0.8 : 0.1 0.48
1.9 0.5 1.9 1.1 m : 0.96
0.5 0.9 0.6 1.4 0.1 0.3 0.51
0.4 0.7 0.3 0.9 : 0.5 0.39
0.9 0.1 0.2 0.1 0.1 0.46
0.3 m 0.4 0.3 : 0.3 0.21
2.1 0.4 3.5 6.4 0.5 0.8 1.73
0.7 0.2 1.2 5.6 : : 0.68
0.2 0.1 0.7 0.4 0.1 0.1 0.22
0.5 0.1 0.6 m 0.2 : 0.24
0.3 0.2 0.1 m : 0.15
0.2 0.1 0.2 0.1 0.1 : 0.12
0.3 0.5 0.3 m : m 0.17
0.2 m m m . 0.11
m 0.2 0.3 0.2 0.08
0.1 0.3 m m : : 0.1
m m 0.7 0.4 4.4 m 0.19
0.1 m 0.1 0.1 : : 0.07
0.8 0.3 m 1.1 0.26
0.2 m 0.1 0.6 : 0.09
m 0.3 0.3 0.4 m 0.16
0.1 0.2 m m : 0.09
0.2 m m m 0.09
0.1 m m m : : 0.04
m 0.8 0.3 0.4 0.1 0.1 0.14
m m 0.1 m : m 0.03
0.1 m m 0.1 : : 0.03
0.1 m m m 0.6 0.03
m 0.1 0.1 0.1 m 0.03
m m 0.1 0.2 m 0.05
0.1 0.1 m m . 0.07
m 0.1 m . 0.02
0.1 m m 0.1 : 0.03
m 0.4 0.2 0.1 0.1 0.07
0.1 m m m : 0.02
m m 0.1 0.2 0.04
m 0.6 0.1 1.2 : 0.12
m m 0.2 m 0.1 0.04
m m 0.1 m m 0.02
m m 0.1 m m 0.02
0.1 m m m : 0.02
m 0.3 m : : 0.03
m m m 0.1 m 0.01
m m m m : 0.02
m . m m 0.1 0.01
m m m 0.1 . 0.02
m m m m 0.01
m m m m 0.01

* m: Minute r—-NCD values

occurrence of Rhododendron micranthum in the shrub
and herb layers was particularly noteworthy. Also, the
relative NCD ranking of Q. variabilis was higher in the
subtree layer here than in other subcommunity, because
the habitats of this assemblage were dry block fields
adjacent to the sites(Table 5) .

B. Quercus serrata—Pinus densifliora community
Differential

lanceolata,

species: Quercus serrata, Carex

Zanthoxyrum  schinifolium,  Smilax
nipponica, Calamagrostis epigeios, Viburnum erosum,
Oplismenus undulatifolius, Corylus heterophylla var.

thunbergii, Paederia scandens, Lindera glauca, Isodon
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inflexus, Celastrus orbiculatus, Q. aliena, Rhus
chinensis, Platycarya strobilacea and Q. dentata.

This community was distributed widely in the center
of sub-montane and hilly areas from the central to the
southern parts of the Korean Peninsula. Quercus
serrata-Pinus densiflora community has been heavily
influenced by human activities, because its habitats are
close to urban areas. Consequently, it is less 'natural’ than
the Quercus mongolica-Pinus densiflora community.
Lee and Lee(1989) reported that Quercus serrata was a
major dominant species in the south and south-coast
provinces, and the Pinus densiflora-Quercus serrata
subassociation was characterized with Quercus serrata.

In Japan, Yoshioka(1958) identified a Pinus
densiflora-Quercus serrata association(consisting of
Quercus serrata, Castanea crenata, Q. mongolica var.
grosseservata, Rhus trichocarpa and Vaccinium
oldhamii) in the cool temperate region in an ecological
study of pine forests in Japan. Later, when Toyohara
(1973) re-investigated the Japanese pine forests, the
Pinus densiflora-Quercus serrata association was
merged with other associations belonging to the alliance
Querco-Pinion densiflorae. In Korea, however, since the
distribution of Q. serrata is strongly correlated with that
of Pinus densiflora in the middle of the sub-montane
zone and hills, we recognize this as a distinct
community.

On the other hand, the Quercus serrata-Pinus
densiflora community appears to have been formed by
invasion of Pinus densiflora stands by Q. serrata. It has
also been proposed that the community represents a
stage of succession from the Pinus densiflora forest to Q.
serrata forest since it has considerable amounts of Q.
serrata in the subtree and shrub layers(Kim, 1988; Kim,
1989; Yim, 1990; Choung and Hong, 2006). Quercus
serrata-Pinus densiflora community was divided into
four subcommunities: Typical subcommunity,
Juniperus rigida subcommunity, Styrax japonica
subcommunity and Eurya japonica subcommunity.

B—1. Typical subcommunity

The habitats of this subcommunity were located in the
montane parts of cool temperate central/northern
regions. The subcommunity was chiefly observed in the
montane region between 200m and 500m a.s.1., but was

also seen, to a lesser extent, below 100m. The localities
in which it occurred were Mts. Noin, Goseong, Seorak,
Odae, Bukhan, Chiak, Gamakbong, Baegun, Bukhan,
Yongmun, Gyeryong, Songli, Geumo, Gaya, Deokyu
and Mudeung and the regions of Sokcho, Yangyang,
Uljin, Weolseong, Miryang and Namweon(Figure 1).
Many stands of this subcommunity included species in
common with Quercus mongolica-Pinus densiflora
community, owing to their occurrence in similar
habitats.

The average slope and number of species per relevé
were 22° and 39.2(range 8~67), respectively. The
subcommunity had three to four layers, the average tree
height of the upper crown was 16.6m, and cover values
were 87.9% in the tree layer, 55.3% in the subtree layer,
48.9% in the shrub layer and 39% in the herb layer(Table
1, 3). Species contribution rankings by r-NCD(Table 5)
in this subcommunity were as follows, Pinus densiflora
(100.0), serrata(12.4), Rhododendron
mucronulatum(6.7), Q. mongolica(6.3), Spodiopogon

Quercus

sibiricus(5.4), Carex humilis(4.6), Artemisia keiskeana
(3.8), Styrax obassia(3.8), Rhus trichocarpa(3.3), R.
schlippenbachii2.9), Lespedeza maximowiczii(2.3)

and Disporum smilacinum(2.1).

B—2. Juniperus rigida subcommunity

Differential
Rhododendron yedoense var. poukhanense.

This subcommunity, found in some parts of the
mountainous regions of Mts. Seorak, Bukhan, Chilgab,
Songli, Juwang, Geumo, Palgong, Gaya, Soyo,
Kyeongsu and Mudeung, occurred in dry habitats
among the lower montane and hilly areas in Sokcho,

species:  Juniperus rigida and

Uljin, Gyeongju, Weolseong, Gori, Namweon,
Yeonggwang and Suncheon(Figure 1).

Kim and Kim(1988) reported that the Juniperus
rigida-Pinus densiflora community appears as an
edaphic climax at dry habitats of mountain ridges. The
subcommunity has developed on exposed parent rock
around Seoul and central parts of the Korean Peninsula.
In these stands Juniperus rigida coexists with Pinus
densiflora. The character species are P. densiflora, J.
rigida, Festuca ovina, Miscanthus sinensis var.
purpurascens,

Atractylodes  japonica, Lespedeza

cyrtobotrya and Zanthoxylum schinifolium for both the
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Pinus densiflora community and the Juniperus
rigida-Pinus densiflora community(Kim et al., 1995;
Lee et al., 1995). Meanwhile, in Japan, Toyohara(1984)
reported that the subassociation Juniperetosum rigidae,
belonging to Cladio aggregatae-Pinetum densiflorae,
occurred on dry sites in coastal areas at altitudes between
40m and 200m.

The average slope and number of species per relevé
were 25.7° and 32.9(range 11~65), respectively. The
subcommunity had three to four layers, the average tree
height of the upper crown was 13.4m, and cover values
were 86.7% in the tree layer, 30.6% in the subtree layer,
57.7% in the shrub layer and 43% in the herb layer,
respectively(Table 1, 3). The major dominant species in
order of -NCD for this subcommunity were as follows:
Pinus densiflora(100.0), Rhododendron mucronulatum
(19.4), Quercus serrata(9.8), Carex humilis(4.0),

Spodiopogon  sibiricus(3.7), R. yedoense var.
poukhanense(3.3), Artemisia keiskeana(3.1), C.
lanceolata(2.8), Juniperus rigida(2.8), Fraxinus

sieboldiana(2.3), Q. aliena(2.2) and Smilax china(1.9)
(Table 5). Since Quercus spp. such as Q. mongolica, Q.
serrata, . aliena and Q. dentata occurred in the subtree
and shrub layers of various stands, this subassociation is
expected to form mixed forests of the pine and Quercus
spp. in the future.

B—3. Shrax japonica subcommunity

Differential species: Styrax japonica and Quercus
variabilis.

This subcommunity was found in the regions(Figure
1) of Mt. Seorak, Sokcho, Mt. Odae, Mt. Deokgo,
Ganghwado Island, Baekryeongdo(l.), Daecheongdo
(1), Anmyeondo(I.), Mt. Chilgab, Mt. Gyeryong, Mt.
Geumo, Mt. Palgong, Kyeongju, Miryang, Geojedo(l.),
Geochang, Sancheong, Hamyang, Hadong, Mt.
Deokyu, Buan, Mt. Kyeongsu, Mt. Soyo, Mt. Jiri, Mt.
Bangjang, Mt. Suryeon, Hwasun and Suncheon on low
slopes, hilly parts of the mountainous regions, and a
moist streamside, which was exposed to human impact,
because a dwelling was found below 500m a.s.l. in the
same region. Kim and Jegal(1999) reported that stands
of Styrax japonica developed vigorously by the streams
and on lowland slopes affected by anthropogenic agents
such as air and soil pollutants.

The average slope and number of species per relevé
were 19.4° and 41.1(range 27~67), respectively.
Structurally, there were four layers. The average tree
height of the upper crown was 15.6m, and coverage was
88.6% in the tree layer, 43.3% in the subtree layer, 51.8%
in the shrub layer, and 34.1% in the herb layer(Table 1,
3). The dominance ranking of the species by r-NCD
(Table 5) was as follows: Pinus densiflora(100.0),
Styrax  japonica(15.3), Quercus serrata(12.7), Q.
variabilis(4.5), R. mucronulatum(4.0), Disporum
smilacinum(3.5), Carex lanceolata(2.1), Viburnum
erosum(2.0),  Prunus  sargentii(1.9),  Fraxinus
sieboldiana(1.8) and Spodiopogon sibiricus(1.7).
Notably, Styrax japonica is the most dominant species in
the subtree layer, presumably because lumbering has
opened the crown and increased light availability in this
layer. Also, Carpinus coreana was conspicuous in the
subtree and shrub layers of these stands. The stands of
Anmyeondo(I.), Baekryeongdo(l.) and Daecheongdo
(I.), which are located on the Island of Seohae(the

Yellow Sea), were included in this subcommunity.

B—4. Eurya japonica subcommunity

Differential  species: Eurya japonica and
Trachelospermum asiaticum var. intermedium.

This subcommunity was found, to a minor extent, in
coastal regions and the Islands of Namhae in the
southern sea(Chang et al., 1988; Lee et al., 1997). The
distribution area was the sub-montane zone at around
300m a.s.l. on Gori, Yeonggwang, Mt. Jiri, Mt.
Geumjeong, Mt. Mudeung, Mt. Palryeong, Mt. Duryun
and Geojedo Island (Figure 1). The warmth index(WI)
was greater than 100C-month, which corresponds to
warm-temperate regions(Yim and Kira, 1975).

This subcommunity is similar to Castanopsis
cuspidata var. sieboldii-Pinus densiflora community,
including common evergreen broad-leaved species such
as Eurya japonica and Trachelospermum asiaticum var.
intermedium(and to a lesser extent Ligustrum
Jjaponicum, Camellia japonica, Neolitsea sericea,
Ardisia  japonica and Raphiolepis umbellata).
Characteristically there was a relatively low abundance
of evergreen broad-leaved trees and relatively high
frequency of Quercus serrata at the study sites.

The slope and average number of species for the
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relevé were 17.9° and 45.2(range 24 ~ 82), respectively.
The subcommunity comprised four layers. The average
tree height of the upper crown was 15.5m, and the mean
coverage was 85.4% in the tree layer, 46.8% in the
subtree layer, 59.8% in the shrub layer and 59% in the
herb layer(Table 1, 3). The dominant species according
1o 1-NCD(Table 5) was Pinus densiflora(100.0), Eurya
Japonica(8.2), Trachelospermum  asiaticum  var.
intermedium(7.7), Quercus serrata(6.4), Disporum
smilacinum(6.4), Styrax japonica(5.8), Stephanandra
incisa(5.6), china(4.0),  Rhododendron

mucronulatum(3.9), Fraxinus sieboldiana(3.1) and

Smilax

Carex lanceolata(2.6). The average number of species
per relevé was higher in this than in any other
subcommunity(with 452 plant species in the
communities), because there were plants of both
warm-temperate and temperate zone in these habitats.

C. Saso—Pinetum densifiorae Yim ef al 1990.

Character and differential species: Ilex crenata, Sasa
quelpaertensis, Quercus mongolica var. grosseserrata
(Quercus * grosseserrata, Q. crispula), Asarum
maculatum, Prunus maximowiczii, Schizophragma
hydrangeoides, Mitchella undulata and Daphniphylum
macropodum.

This association was dominated by Sasa
quelpaertensis in the herb layer, which formed an almost
complete carpet(Combined cover-abundance scale, DS
5.5). Q. mongolica var. grosseserrata, a canopy tree,
was found in the subtree and herb layers as +and 2 in the
coverage value. This is distinguished from those in the
central-southern areas of the Korean Peninsula, with
coexistence of Q. mongolica and Q. serrata in the stand.
However the association seems partially homologus in
terms of character species with Quercus mongolica-
Pinus densiflora community and Quercus serrata-Pinus
densiflora community in the
Furthermore, the character and differential species of the

inland regions.

alliance Lindero-Quercion mongolicae were common
(e.g. Acer pseudo-sieboldianum, Lindera obtusiloba,
Styrax japonica and Weigela subsessilis etc. including
Carpinus laxiflora in the subtree and shrub layers).
However, the association also often includes evergreen
broad-leaved plants, such as Ilex crenata and Hedera
rhombea, that are character species of Quercus

serrata-Eurya japonica subcommunity, found in the
warm-temperate zone in Korea. The habitats of
Saso-Pinetum densiflorae were located at altitudes
between 1,100m and 1,500m a.s.l. on Mt. Halla(parts of
the Tamna valley and Yeongsil) on Cheju Istand(Figure
1). Therefore, the association is very distinctive because
it is found in a transitional zone where both temperate
and subtropical plants occur. These species are located at
high altitudes in cool temperate, northern parts of Korea,
and at lower latitudes in warm-temperate parts. This
association was described as the Pinus densiflora-Sasa
quelpaertensis association by Shin(1981). Later, Yim et
al.(1990) defined Saso-Pinetum densiflorae, citing P.

densiflora and S. quelpaertensis as the character species.

The association corresponds to the Querco-Pinion
densiflorae H. Suzuki et Toyohara(1971) proposed in
Japan.

The average slope and number of species per relevé
were 13.6° and 26.8(range 10~42), respectively. The
association had three to four layers, the average height of
the tree layer was 18.2m, and the average cover values
were 91.7% in the tree layer, 71.1% in the subtree layer,
14.4% in the shrub layer, and 95% in the herb layer
(Table 1, 4). The ranking of species in order of
dominance, according to r-NCD(Table 5), in this
association was as follows: Pinus densiflora(100.0),
Sasa quelpaertensis(100.0), Carpinus laxiflora(14.9),
Quercus  mongolica  var.
macropodum(4.7),
erythrocarpa(4.4), Acer pseudo-sieboldianum(4.3),

grosseserrata(7.4),
Daphniphyllum Lindera
Ilex crenata(1.9), Styrax obassia(1.7), Asarum
maculatum(1.5) and Prunus maximowiczii(1.2). The
herb layer cover value(95%) is very noteworthy, as is the
dominance of Sasa quelpaertensis, which seems to
obstruct the germination and growth of other plants in
this layer.

D. Castanopsis cuspidata var, sieboldi—Pinus
densifiora community

Differential species: Castanopsis cuspidata var.
sieboldii, Quercus myrsinaefolia and Raphiolepis
umbellata.

This community was distributed at sites below 150m
a.s.l. in the piedmont area of Bogildo Island in the
southern sea off the Korean Peninsula(Figure 1). The
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floristic composition of the community differs from that
of Quercus mongolica-Pinus densiflora community and
Quercus serrata-Pinus densiflora community by having
Castanopsis cuspidata var. sieboldii, Eurya japonica,
Camellia japonica and Q. myrsinaefolia in the shrub and
herb layers(Kim et al., 1989). The stand characteristically
had low frequencies of Q. mongolica, Q. serrata and Q.
variabilis, which were major component species of the
above two community. The community was restricted to
the warm-temperate zone, where the warmth index(WTI)
is greater than 110C-month, on the islands off the
south-west coast. Evergreen broad-leaved species such
as E  japonica, C. cuspidata var. sieboldii,
Trachelospermum asiaticum var. intermedium, Hedera
rhombea, Camellia japonica, Ardisia japonica,
Ligustrum japonicum, Machilus thunbergii, M. japonica
and A. crenata, which are the character species of the
class Camellietea japonicae Miyawaki et Ohba(1963),
were the most abundant species of the evergreen
broad-leaved forest zone.

The floristic composition of the community included
various species found in the evergreen broad-leaved
forest, such as Quercus glauca, C. cuspidata var.
sieboldii, Vaccinium bracteatum, Ligustrum japonicum
and Cinnamomum japonicum: character species of the
alliance Cyclobalanopsio-Pinion densiflorae H. Suzuki
et Toyohara(1971). These species occur in the
warm-temperate pine forest of Japan. Therefore, it can
be regarded as a category of the alliance described
above.

The average slope and number of species per relevé
were 6.5° and 25.2(range 17~35), respectively. The
community had four layers. The average height of the
tree layer was 12.8m, and average cover values were
85% in the tree layer, 55.8% in the subtree layer, 40% in
the shrub layer, and 14.2% in the herb layer(Table 1, 4).
The species of highest rank by r-NCD values(Table 5)
were: Pinus densiflora(100.0), Camellia japonica
(20.0), Castanopsis cuspidata var. sieboldii(19.2),
Eurya japonica(12.5), Trachelospermum asiaticum var.
intermedium(4.4), Quercus myrsinaefolia(3.6), Q.
salicina(1.5), Cymbidium goeringii(1.2), Ardisia
Japonica(1.1) and Smilax china(1.1). A notable feature
was the low coverage of the ground layer(<15%) of this
community. In addition, average number of species per

relevé was lower(25 species) for this community than
for any of the others.

ACKNOWLEDGEMENTS

We thank Prof. Bong-Seop Kil, Prof. Do-Soon Cho,
Prof. Byung-Ho Bae, Prof. Jong-Hong Kim, Dr.
Heung-Lak Choung, and Prof. Jae-Seck Lee for their
constructive comments and suggestions; and Dr.
Moon-Pyo Hong, Sang-Uk Suh, Hyeon-Don Kim,
Dong-Hyeon Lee, and Jun-Seok Lee for their field
assistance.

LITERATURE CITED

Bae, B.H. and H.J. Lee(1999) Phytosociological studies for
vegetation conservation of pine forest. Korean J. Ecol. 22:
21-29.(in Korean with English abstract).

Braun-Blanquet, J(1964) Pflanzensoziologie. Grundziige
der Vegetationskunde. 3 Aufl. Springer, Wien.

Cha, JW., W.T. Lee and S.A. Lee(1975) The climate and
vegetation of Korea. Seomoondang, Seoul,(in Korean).

Chang, SM,, H.S. Chang and J.H. Kim(1988) On vegetation
of Mt. Chemchal in Jindo Island. Korean J. Ecol. 11:
153-173.(in Korean with English abstract).

Cho, H.J. and S.C. Hong(1990) A phytosociological study of
the forest communities in Mt. Palgong( [ )-Pinus densi-
flora forests-. Jour. Korean For. Soc. 79: 144-161.(in
Korean with English abstract).

Choi, K.R., K.H. Kim, J.W. Kim, J.C. Kim, G.K. Lee, D.Y.
Yang and W.H. Nahm(2005) Vegetation history since the
Mid-Lateglacial from Yeongsan River Basin,
Southwestern Korea. Korean J. Ecol. 28: 37-43.(in
Korean with English abstract).

Choung, H.L. and K.C. Yang(1998) The vegetation of
Samcheok(Mt. Eungbong), The 2nd nationwide survey
on the natural environment. Ministry of Environment, pp.
37-50.(in Korean).

Choung, H.L. and S.K. Hong(2006) Distribution patterns,
floristic differentiation and succession of Pinus densi-
Sflora forest in South Korea: A perspective at nation-wide
scale. Phytocoenologia 36: 213-229.

Chun, Y.M., HJ. Lee and C.S. Lee(2006) Vegetation tra-
jectories of Korean red pine(Pinus densiflora Sieb. et
Zucc.) forests at Mt. Seorak, Korea. J. Plant Biology 49:
141-152.

Chun, Y.W(1993) Pine and our culture. Soomun Publishing,



Syntaxonomy and Syngeography of Korean Red Pine(Pinus densiflora) Forests in Korea 275

Seoul.(in Korean).

Chung, T.H. and W.T. Lee(1965) Forest zone of Korea and
proper site for tree. Bull. Sungyunkwan Univ. 10:
329-435.(in Korean with English abstract).

Hong, S.K(1998) Changes in landscape patterns and vegeta-
tion process in the Far-Eastern cultural landscapes:
Human activity on pine-dominated secondary vegeta-
tions in Korea and Japan. Phytocoenologia 36: 213-229.

Jo, W.Y(1979) Palynological studies on postglacial age in
eastern coastal region, Korean Peninsula, Tohoku Geogr.
Assoc. 31: 23-35.

Kamada, M., N. Nakagoshi and K. Nehira(1991) Pine forest
ecology and landscape management: a comparative study
in Japan and Korea. In: Nakagoshi, N. and Golley, F.B.
(eds.), Coniferous forest ecology from an international
perspective. SPB Academic Publishing, The Hague, pp.
43-68.

Kang, S.J. and C.S. Lee(1991) Structure, Dynamics and
Ecological Restoration of Forest Vegetation in Mt.
Songni. The Report of the KACN, 29: 123-148.(in Korean
with English abstract).

Kil, B.S. and Y.S. Kim(1998) The vegetation of Nonsan,
Wanju and Iksan areas, The 2nd nationwide survey on the
natural environment. Ministry of Environment, pp.
71-118.(in Korean).

Kil, B.S., C.H. Kim, Y.S. Kim and H.G. Y00(1996) The veg-
etation of the Southern slope area of Mt. Pangtae. The
Report the KACN, 37: 43-76.(in Korean with English ab-
stract).

Kim, C.S. and J.G. Oh(1993) Phytosociological study on the
vegetation of Mt. Mudeung. Korean J. Ecol. 16: 93-114.
(in Korean with English abstract).

Kim, C.S. Y.W. Park and N. Nakagoshi(1989)
Phytosociological studies on the flora and vegetation of
Pogil-do. Bulletin of Institute of Littoral Biota, Mokpo
National University, 6: 65-95.(in Korean with English ab-
stract).

Kim, J.H(1988) The vegetation of Gyeongnam province
(Miryang-shi, Miryang-gun, Gimhae-shi, Gimhae-gun,
Busan-shi and Jinhae-shi), The 1st nationwide survey on
the natural environment( [ -3). Ministry of Environment,
pp. 179-236. (in Korean).

Kim, J.U. and Y.J. Yim(1986) Classification of forest vegeta-
tion of Seonunsan Area, Southwestern Korea. Korean J.
Ecol. 9: 209-223.

Kim. J.W(1990) A syntaxonomic scheme for the deciduous
oak forests of South Korea. Abstracta Botanica 14: 51-81.

Kim, J.W(1992) Vegetation of northeast Asia on the syn-
taxonomy and syngeography of the oak and beech forests.

Ph. D. Thesis, Wien University, Wien, Austria.

Kim, JW. and J.C. Jegal(1999) The vegetation of
Cheongsong and Yeongcheon areas, The 2nd nationwide
survey on the natural environment. Ministry of
Environment, pp. 119-153.(in Korean).

Kim, J.W. and J.H. Kim(1988) Phytosociological study on
montane forest vegetation at periphery of Seoul, Korea.
Korean J. Ecol. 11: 97-107.(in Korean with English ab-
stract).

Kim, J.W. and Y 1. Manyko(1994) Syntaxonomical and syn-
chorological characteristics of the cool-temperate mixed
forest in the Southern Sikhote Alin, Russian Far East.
Korean J. Ecol. 17: 391-413.

Kim, JW., D.I. Lee and W. Kim(1995) Minimal areas and
community structures of Pinus densiflora forests and
Quercus mongolica forests. Korean J. Ecol. 18: 451-462.

Kim, S.D(1990) The vegetation of Chungbuk province
(Boeun-gun, Okcheon-gun and Yeongdong-gun). The 1st
nationwide survey on the natural environment(Il-1).
Ministry of Environment, pp. 259-310.(in Korean).

Kim, Y.S(1989) The vegetation of Jeonnam province
(Jangseong-gun, Damyang-gun, Gokseong-gun and
Gurye-gun), The 1st nationwide survey on the natural en-
vironment(Il-3). Ministry of Environment, pp. 207-271.
(in Korean).

Kira T(1948) On the altitudinal arrangement of climatic
zones in Japan. Kanchi-Nogaku 2: 143-173.(in Japanese).

Korea Forest Research Institute(1999) Pine, pine forest.
205pp. (in Korean).

Korea Meteorological Administration(2001) Climatological
normals of Korea. 632pp. (in Korean).

Kwon, H.J(1996) Geograpy of Korea. BMS, Seoul. (in
Korean).

Lee, C.R(1998) Forest environmental soil science. Bosung
Press, Seoul.(in Korean).

Lee, C.S and S.K. Hong(2001) Landscape ecological per-
spectives in the structure and dynamics of fire-disturbed
vegetation in a rural landscape, eastern Korea, In D van
der Zee, IS Zonneveld, eds, Landscape ecology applied in
land evaluation, development and conservation. ETC
Publication Number 81, IALE Publication MM-1,
Enschede, pp. 81-94.

Lee, D.Y(1999) Geology of Korea. Press, Seoul.(in Korean).

Lee, H.J., D.W. Byun, Y.M. Chun, B.H. Ryu and J.Y.
Bang(1995) Floristic Composition and Community
Characteristics of Pinus densiflora Forest in the Vicinity
of Ulchin Atomic Power Plant. Journal of Basic Sciences,
Konkuk University, 20: 121-131.(in Korean with English
abstract).



276 Young-Moon Chun * Ho-Joon Lee * Ichiroku Hayashi S e A A eiE s 2] 21(3) 2007

Lee, H.J., .T. Kim, C.H. Kim, H.L. Chung, Y.M. Chun and
S.J. Kim(1995) The Forest Vegetation and Estimation of
Phytomass in the Vicinity of Kori Atomic Power Plant.
Journal of Basic Sciences, Konkuk University, 20:
107-119. (in Korean with English abstract).

Lee, H.J., J.H. Kim, B.H. Bae, M.S. Park, Y.M. Chun, J.G.
Kang and J.S. Shin(1997) Forest Vegetation and Soil
Condition of Mt. Palyoung. Journal of Basic Sciences,
Konkuk University, 22: 79-102.(in Korean with English
abstract).

Lee, .K(1976) The Distribution and the actual state of Pinus
densiflora in Korea. Nature Conservation, 13: 5-8.(in
Korean).

Lee, T.B(1985) Illustrated flora of Korea. Hyangmunsa.
Seoul. 990pp. (in Korean).

Lee, W.T(1996) Coloured standard illustrations of Korean
plants. Academy Publication, Seoul. 624pp. (in Korean).

Lee, W.T. and C.H. Lee(1989) Plant sociological studies on
the Pinus densiflora forest in Korea. Korean J. Ecol. 12:
257-284 (in Korean with English abstract).

Lee, W.T., W.K. Paik and M.K. Kim(1994) A phytosocio-
logical study of the Mogolian Oak(Quercus mongolica)
forest on Mt. Sorak, Korea. Korean J. Ecol. 17: 319-331.
(in Korean with English abstract).

Mirov, N.T(1967) The genus Pinus. The Ronald Press
Company, New York.

Miyawaki, A. and T. Ohba(1963) Castanopsis sie-
boldii-walder auf den Amami-Inseln. Sci. Rep.
Yokohama Nat. Univ. sec. I1. 9: 31-48.

Miyawaki, A., K. Fujiwara, H. Harada, T. Kusunoki and S.
Okuda(1971) Vegetationskundliche Untersuchungen in
der Stadt Zushi bei Yokohama-Besondere Betrachtung
mit Camellietea japonicae Wald(immergrune Laubwald)
Japana-Zushi  Educational Community Zushi.(in
Japanese with German abstract).

Mueller-Dombois, D. and H. Ellenberg(1974) Aims and
methods of vegetation ecology. John Wiley and Sons,
New York. 547pp.

Nakai, T(1911) Flora Koreana II. J. Coll. Sci. Imp. Univ.
Tokyo, 31: 1-573.(in Japanese with English abstract).
Ohwi, J(1978) Flora of Japan. Shibundo, Tokyo, 1584pp.(in

Japanese).

Park, S.H(1995) Colored illustrations of naturalized plant of
Korea. Iichokak, Seoul, 371pp.(in Korean).

Richardson, D.M(1997) Ecology and biogeography of Pinus.
Cambridge Univ. Press, Cambridge, 527pp.

Rim, Y.D., H.G. Kang and N. Nakagoshi(1991) Community
ecology of Pinus densiflora forests in Korea. In:
Nakagoshi, N. and Golley, F.B.(eds.), Coniferous forest

ecology from an international perspective. SPB
Academic Publishing, The Hague, pp. 17-30.

Shin, H.G(1981) Ecological studies on Pinus densiflora S. et
Z. communities in Mt. Halla, Korea. M.S. Thesis, Cheju
National University, Cheju, Korea, 31pp.(in Korean with
English abstract).

Song, H.G(1988) The vegetation of Gyeongbuk province
(Sancheong-gun, Hadong-gun and Namhae-gun), The
2nd nationwide survey on the natural environment.
Ministry of Environment, pp. 305-342.(in Korean).

Song, J.S(1992) Vegetation changes and their causes in
Andong dam areas. Korean J. Ecol. 15: 411-431.(in
Korean with English abstract).

Suzuki, K. and G. Toyohara(1971) The vegetation in the sur-
rounding area of Soro-en Garden. Historical and scientific
studies on the Soro-en Garden, Hiroshima, pp. 129-
145.(in Japanese with English abstract).

Suzuki, T(1966) Preliminary system of the Japanese natural
forest communities. Shinrin-Ritti, 8: 1-12.(in Japanese
with English abstract).

Toyohara, G(1973) Pine forests. In: Y. Sasaki (ed.),
Seitaigakukoza 4, Plant Sociology. Kyoritsu-shuppan,
Tokyo, pp. 48-53. (in Japanese).

Toyohara, G(1984) A phytosociological study and a tentative
draft on vegetation mapping of the secondary forests in
Hiroshima Prefecture with special reference to pine
forests. Journal of Science of the Hiroshima University,
19: 131-170.

Uyeki, H(1928) On the physiognomy of Pinus densiflora
growing in Korea and silvicultural treatment for its
improvement. Bull Agri. & For. Coll. Suwon. Chosen 3,
pp. 1-263.(in Japanese).

Yang, H.S(2002) Phytosociological studies of Pinus densi-
flora forest in islets of Southwestern Coast, Korea.
Korean J. Ecol. 25: 197-204.(in Korean with English ab-
stract).

Yim, Y.J(1990) The vegetation of Jeonbuk province
(Jeonju-shi, Wanju-gun, Iri-shi, Iksan-gun, Gunsan-shi,
Okgu-gun and Gimje-shi), The 1st nationwide survey on
the natural environment(I1-3). Ministry of Environment,
pp- 13-82.(in Korean).

Yim, Y.J. and J.U. Kim(1992) The vegetation of Mt. Chiri na-
tional park. The Chung-Ang Univ. Press, Seoul, 467pp.
(in Korean).

Yim, Y J. and T. Kira(1975) Distribution of forest vegetation
and climate in the Korean peninsula. I . Distribution of
some indices of thermal climate. Japanese J. Ecol. 25:
77-88.

Yim, Y.J., J.U. Kim, N.J. Lee, Y.B. Kim and K.S. Paek(1990)



Syntaxonomy and Syngeography of Korean Red Pine(Pinus densiflora) Forests in Korea 277

Phytosociological classification of plant communities on Yun, C.W. and S.C. Hong(2000) Quantitative analysis of

Mt. Halla National Park, Korea. Korean J. Ecol. 13: vegetation types in Pinus densiflora for. erecta forest.

101-130.(in Korean with English abstract). Korean J. Ecol. 23: 281-291.(in Korean with English ab-
Yoshioka, K(1958) Ecological study of Japanese pine for- stract).

ests, Tokyo, 198pp.(in Japanese).



