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A Study for Plant Community Structure and Management Plan
of Pinus densiflora Forest in Byeonsanbando National Park’
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ABSTRACT

This study is intended to provide basic date for the efficient management of Pinus densiflora commun-
ity by analyzing ecological characteristics of Pinus densiflora inhabiting Byeonsanbando National Park.
According to investigations, P. densiflora community and P. densiflora-Quercus community are widely
distributed, occupying 40.3% of the total area. 21 sites (400m’per site) are selected for TWINSPAN
analysis, and the result indicates that the whole community of P. densiflora and P. densiflora-Quercus
can be classified into 8 types, and the age of P. densiflora is 40-50 years, which is similar to that
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of deciduous broad-leaved trees. The 8 community types are: P. densiflora community which competes
with Quercus variabilis; P. densiflora community in which Fraxinus sieboldiana and Quercus serrata
grow in the understory layer; P. densifloa community in which Q. serrata grow in the understory layer
and Smilax china var. microphylla in the shrub layer respectively; P. densifloa community in which
P. densiflora and F. sieboldiana grow in the understory layer; P. densiflora community which competes
with Q. serrata and Carpinus tschonoskii; P. densiflora community which competes with Q. variabilis
and Q. serrata;, P. densiflora community in which Prunus sargentii grow; P. densiflora community in
which 4bies holophylla grow. P. densiflora community which competes with Q. variablis and C. tscho-
noskii seems to be in a stage of succession to deciduous broad-leaved community. The analysis indicates
that Shannon diversity index is 0.2756-1.3879. It also indicates that there is a negative correlation be-
tween P. densiflora and Q. variabilis and C. tschonoskii; there is a positive correlation between P. densi-
flora and F. sieboldiana and Rhododendron schlippenbachii. These investigations show that the trans-
formation of vegetation is already under way. There is a possibility that ecological succession can take
place in 30.4% of the total area from P. densiflora to Quercus and deciduous broad - leaved trees.
Therefore, it is recommended that the preservation and maintenance of P. densiflora be implemented
by taking control of competing species which undermine the stability of P. densiflora forest community.
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Figure 1. The location map of the survey plots in the
Byeonsanbando National Park
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Table 1. The distribution rate of actual vegetation types in the Byeonsanbando National Park

Types Area(m’)  Rate(%)
Pinus densiflora community P. densiflora Community 45,379,736 29.1
P. densiflora-Quercus variabilis communizy 16,125,990 10.3
P. densiflora-Quercus serrata community 1,067,751 0.7
P. densiflora-Quercus community P. densiflora-Quercus mongolica community 111,881 0.1
P. densiflora-Quercus community 201,885 0.1
Subtotal 17,507,506 11.2
P. densiflora-deciduous broad-leaved community P. densiflora-deciduous broad-leaved community 887,699 0.6
P. densiflorag-artificial forest community P. densiflora-artificial community 822,941 0.5
P. thunbergii community 2,108,433 14
. Quercus community 53,321,698 34.2
Other natural forest community Deciduous broad-leaved forest community 8,765,608 5.6
Subtotal 64,195,739 422
Larix leptolepis community 828,001 0.5
Artificial forest community P. rigida community 9,083,472 5.9
Subtotal 9,911,473 6.4
Other forest community 1,556,374 1.0
Cultivate area 3,126,789 2.0
Grassland 82,645 0.1
Water surface 3,924,494 2.5
Others
Urban area 223,551 0.1
Planting area 301,263 0.2
Lawnland 190,445 0.1
Subtotal 9,405,561 6.0
Total 148,110,654 95.0
Total area of park 155,924,000 100.0
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Figure 2. The map of actual vegetaion types
Byeonsanbando National Park
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Figure 3. Dendrogram of classification by TWINSPAN using twenty plots in the Pinus densiflora in Byeonsanbando
National Park(Fs: Fraxinus sieboldiana, Ps: Platycarya strobilacea, Ct: Carpinus tschonoskii, Lg:
Lindera glauca, Ah: Abies holophylla, Lc: Lespedeza cyrtobotrya, Ud: Ulmus davidiana var. japonica,
Si: Stephanandra incisa, Fr: Fraxinus rhynchophylla)
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Table 2. Mean importance percentage of the woody plants by the stratum in eight community types classified by
TWINSPAN in the Byeonsanbando National Park

ommunity type I il m A%
W 3 8 6 7 9 12 15 4 1 16
Pinus densiflora 260 28.1 563 577 500 332 40.0 49.6 625 58.7 616 545
Abies holophylla - - - - - - -
Quercus variabilis 17.6 358 0.7 0.1 -
Quercus serrata 18.0 1.9 9.1 6.5 73 6.4 18.1 5.0 127 57 202
Carpinus tschonoskii - - - - - 0.2 - - - - - -
Carpinus laxiflora - - - - - - - 0.3 - - - -
Prunus sargentii 8.6 5.1 4.0 2.6 1.1 0.4 0.8 1.3 0.1 1.2 0.1
Fraxinus sieboldiana 1.9 - 8.8 8.0 14.8 6.2 4.9 2.2 116  10.0 5.0 151
Sasa borealis - - - - - - - - - - - -
Smilax china 2.0 0.6 0.9 0.6 0.6 0.8 3.0 2.3 1.8 0.8 0.3 0.8
Orthers 26.0 28.6 183 22,6 245 31.1 16.5 268 152 177 123 6.4
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Table 2. (Continued)

ommunity type v Vi VI VIl

Species name 18 20 21 1 10 19 2 13 14
Pinus densiflora 29.0 233 40.0 42.5 53.2 25.5 359 50.6 50.0
Abies holophylla - - - - - - - 6.6 02
Quercus variabilis 0.3 4.1 5.4 14.2 19 5.8 0.9 - -
Quercus serrata 10.8 11.7 220 10.2 1.2 18.0 9.5 43 4.7
Carpinus tschonoskii 29.6 19.5 4.8 - - 9.6 - 1.5 8.5
Carpinus laxiflora - - - - - - - 1.6 7.0
Prunus sargentii 0.3 2.9 1.0 4.0 1.3 4.8 193 3.0 2.0
Fraxinus sieboldiana 0.7 1.5 1.1 1.3 0.9 4.0 0.9 0.3 1.2
Sasa borealis 3.7 4.6 1.7 7.8 5.0 7.6 7.9 - -
Smilax china 0.3 1.2 1.0 0.9 0.8 0.6 - 0.5 0.3 1.1
Orthers 25.3 31.1 232 19.2 29.8 24.2 24.8 31.9 254

Table 3. Analysis of age of the eight Pinus densiflora
community types in the Byeonsanbando National

Park
Division Size
Community Species name Heigh DBH  Age(year)
type tm)  (cm)
I P. densiflora 21 30 42
O. variabilis 18 20 43
I P. densiflora 20 22 48
P. densiflora 13 20 44
m P. densiflora 23 37 48
P. densiflora 9 11.5 38
v P. densiflora 18 23 47
P. densiflora 7.5 12.5 38
v P. densiflora 19 29 42
C. tschonoskii 18 18 41
VI P. densiflora 16 23 33
0. serrata 18 20.5 47
VI P. densiflora 20 48.5 42
P. sargentii 13 18 37
VI P. densiflora 18 35 51

3) 2BE 409HH ¥ suxdTE 2=
Table 4= $AMIESETY 2UbR220] 2908 A
$HAE BHT Aoleh T L(RAT 3, 8)& 23
2o} A 2URRHUOR REFo4 Akt Al
SR 49.6%2 LA H= 7hed] ZHUTYLP.: 38.2%)9}
AABAT ok mBF AL ZHLLLP.: 20.0%)2} 23
UR(LP.: 22.0%)2] HEjo] Rotch FasFo] F1y7
FH EES AWEE AL FuA7 220molitel 4
Bo| 3 AT 2732 A9 Qloirh. FapRe

LEA 2o SHUYT = FI 22mu|He] F47
ol giokth mebd 24 12 SRt 23R A
gol ZHd Aoly, A7H Loz o] $F o2 Holrt
&= Aok

FRAL(EARE 6, 7, 9, 12)&= 736 U= A Ay}
sUES ool AT otm RS AEFA Rt £3
W7t S8ste AUREHoR REFolA AU
100.0%) «=H& B8tk oflnEZoAls HEFH(AP.:
25.3%)2} SXHHLP.: 16.6%)7F S Foll o HES
e HHEAP: 13.7%)0] F8 2FFFo|Yt T2
=% FuGGE £2E AHEY 2R 157
12~32eme] 0] gioton 3= Fa47 2~Tn
o &7 Eo] thR-Eolqlcth. weba R aRYPoR
FAE Ao FoEg)

TRAMZARE 5, 15} ofmEFof S, HEZo
el ¥she AUFTHORA AEZA 4
W7E AR 79.8%2 St on SRR
16.6%)2F ZFF(LP.: 2.5%)7F A7 A3t} ZAste
o ohRES A s SRR 33.5%) 9] AlFo] =3k
on FEFNME FXHLP: 19.4%)eF Hnjg =
(LP.: 15.8%)°] 8 E@FFOIU) £2 £59] F17
FHE 2EE AR 2= IR 120mo) o)A
FE ZESFYL FHUF= FLAH 2~-37me] Eo
A2 AL 2dstd e 3t 22 120me)gk
of £%&o] tjRFoz Be A7t Rastglet. upata
CRME g aprgos fAE Ao dgey o
7ML FTEeR, AR SFRdoeR
o7t A& irt.

TAV(EARE 4, 11, 16, 17)5= obLEZFol| A Avpite}
HEFa7t &8ss AUFHOR AEZAE 4L

o



FARIE T3 2URY AEg+2 2 gyt A+ 453

E7F A 2] 93.7% 2 3711 St 7he SV, Ast= AYREFHOR HEZ A= AYF(IP.: 61.9%)
%ﬂb}ﬁ} UE SHSFUTL ofuEFo A= LD 7b SASHA EFUTIP.: 16.8%), ZHA LFH(LP.:
38.3%), A EZH(LP.: 22.6%), ZHFE(LP.: 19.7%)2) 13.6%)2F ZAAsIAIL otuwESol s RA oL E(ILP.:
oA} lﬁcgm TR Zof A A EZH(LP.: 20.6%)2 57.8%)9] LAE7} =glon J&%’o‘owi ZSEIEH(IP'
AL(LP.: 16.6%), ZSRFLP.: 15. 1%)7} z9 285 21.3%)9] &880 Loty F9 LT F1AH

Foldth F8 28T FuAAHYE Ex 2A4EY

AUEE FE A 2~27emsl A 7F EH‘:’ Ho|oly &3
o AR 2~ T, U FAA 2~ 120med

A7 gtk webd £-VE
Ad Aog Aol
A V(EARE 18, 20, 21)

SR AUEY

oz 9

L BT, AAolhRo 7

g9 Bz E Almey AR 7(174 12~42cm9] 4~

ol gsren el R ST St 303
2 ZZCHIO /\Eo] EH

qozt

olg oz waw gt

TAVIEAN 1, 10, 19)2 23U, &

o) gie. webA] 2V ]
TR gon, A/ HoRt AMoltRE X

el A4

Table 4. Importance percentage of the woody plants by the stratum in eight Pinus densiflora community types
classified by TWINSPAN in the Byeonsanbando National Park

—~ Community name 1 I 11 v
Species name S (L S VCE ¢ VA SV ¢ M ¢ v M
P. densiflora 496 43 - 26.2 1000 114 - 538 798 72 - 423 937 383 - 59.6
A. holophylia - - - - - - - - - - - - - - - -
Q. variabilis 382 200 22 262 - 22 107 09 177 S5 03 107 21 69 21 37
Q. serrata 7.1 220 46 116 - 166 112 74 2.5 335 194 156 32 197 151 107
C. tschonoskii - - - - - - 05 0.1 - - - - - - - -
C. laxiflora - - - - - - - - - - 09 0.1 - - - -
P. sargentii 35 150 15 7.0 - g8 1.7 32 - 0.1 1.9 3.7 - 14 08 06
Lindera erythrocarpa - - 1.4 02 - - 01 00 - - - - - - 0.2 0.0
Betula davurica - 06 - 0.2 - - - - - - - - - - - -
Mallotus japonicus - - - - - - 03 01 - - - - - - - -
Sapium japonicum - - - - - - - - - - - - - - 02 00
Lindera glauca - 85 34 34 - 1.0 02 04 - - - - - - - -
Ilex macropoda - - - - - 09 - 0.3 - 1.6 3.0 1.0 04 20 02 09
Styrax obassia - - - - - - - - - - - - - - - -
F. sieboldiana - 28 10 11 - 253 101 101 - 56 96 35 - 226 206 11.0
Lindera obtusiloba - 12 60 14 - - 09 02 - - 0.6 0.1 - - 1.2 0.2
Vaccinium oldhami - - - - - 03 27 06 - - 06 0.1 - - 73 12
Rhododendron mucronulatum - - - - - - 35 06 - - 22 04 - - 58 1.0
Rhododendron schlippenbachii - - - - - 02 137 24 - - 30 05 - - 16.6 2.8
Symplocos chinensis for. pilosa - - 04 01 - - 0.1 00 - 09 06 04 - 04 30 06
Viburnum erosum - 20 62 17 - 1.5 35 1.1 - 23 38 14 - 04 54 10
Rhus succedanea - 7.0 09 25 - 41 14 16 - 1.0 - 03 - 05 05 02
fzr;Z?l/((;{;’Séf heterophylia for. } 16 03 : ) 07 ol } _ ) R ) R R B
Pourthiaea villosa - 06 08 03 - 18 46 14 - 09 42 1.0 - 03 24 05
Rhus trichocarpa - - 04 0.1 - 26 24 13 - 12 06 05 - 06 08 03
Spiraea blumei - - - - - - - - - - - - - 02 0.0
Lonocera maackii - - 08 0.1 - - 02 0.0 - - 22 04 - - 03 01
Stephanandra incisa - - 42 07 - - 20 03 - - 32 03 - - - -
S. borealis - - - - - - - - - - - - - - - -
S. china - - 65 1.1 - - 42 07 - - 158 26 - - 56 09
Fraxinus rhync.}foghylla, AF‘ei‘ ps‘eudo~ Alcer pfeudo- Juniperus rigida,
Rubus crataegifolius, sieboldianum, sieboldianum, Styrax Styrax japonica
Others Corylus heterophylla Symplocos paniculata, Japonica, Fraxinus i ;

var. thunbergii etc. total
28 species

Sorbus alnifolia etc.
total 35 species

rhynchophylla etc. total

22 species

Lespedeza maximowiczii
etc. total 18 species

* a: importance percentage in Canopy layer, b: importance percentage in Understory layer, ¢: importance percentage in Shrub layer, d: Mean

importance percentage
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Table 4. (Continued)
Community name v VI VI VIl

Species name ¢ uvos M (ol S Y ¢ s M ¢ Uvros M
P. densiflora 619 04 - 31.1 794 4.0 - 41.0 71.7 - - 359 935 102 - 50.2
A. holophylia - - - - - - - - - - - - 65 - 50 41
Q. variabilis 45 1.2 02 27 88 5.0 05 6.1 - 28 - 09 - - - -
Q. serrata 16.8 = 82 02 111 72 211 30 111 67 184 02 95 - 13.0 05 44
C. tschonoskii 13.6 578 1.5 263 20 97 - 42 - - - - - 144 08 49
C. laxiflora - - - - - - - - - - - - - 121 - 4.0
P. sargentii - 2.4 - 0.8 20 73 0.1 34 162 336 - 19.3 - 74 - 2.5
Lindera erythrocarpa - 07 116 22 - 062 09 02 - 21 41 14 - 04 29 06
Betula davurica - - - - - - - - - - - - - - - -
Mallotus japonicus - - - - - - - - - - - - - - - -
Sapium japonicum - 29 20 13 - 1.5 - 0.5 - - - - - - - -
Lindera glauca - 02 23 04 - 02 09 02 - T - 0.4 - 07 07 04
llex macropoda - 1.1 - 04 - 03 - 0.1 - - - - - 1.7 40 12
Styrax obassia - 43 15 17 - 04 03 02 - - - - - - 04 0.1
F. sieboldiana - 13 26 09 - 73 26 29 - 26 - 0.9 - 1.5 12 07
Lindera obtusiloba - 02 34 06 - 08 43 1.0 - - 12 02 - 04 12 03
Vaccinium oldhami - - 04 0.1 - - - - - - - - - - - -
Rhododendron mucronulatum - - 03 0l - - - - - - - - - - 04 01
Rhododendron schlippenbachii - - 98 1.6 - - 35 06 - - - - - - 100 1.7
%’)’fé"“’s chinensis_for. .17 - 06 - 28 04 10 - 20 - 07 - 14 59 15
Viburnum erosum - 04 68 1.3 - 13 42 1.1 - - 05 01 - - 7.1 12
Rhus succedanea - 02 - 0.1 - 09 06 04 - - - - - 79 04 27
flrtr:i;lgﬁg heterophylla for. i X ) i i i 03 00 i i i ) i ) ) )
Pourthiaea villosa - 02 24 05 - 03 28 06 - - - - - - 51 08
Rhus trichocarpa - - 02 00 - 13 46 12 - - - - - - 1.0 02
Spiraea blumei - - - - - - - - - - - - - - - -
Lonocera maackii - - 0.7 0.1 - - 04 0.1 - 1.0 - 0.3 - - - -
Stephanandra incisa - - 09 0.1 - - 29 05 - - - - - - 9.1 1.51
S. borealis - - 213 35 - - 437 13 - - 474 79 - - - -
S. china - - 39 07 - - 44 07 - - 32 05 - - 3.8 0.64

Acer pseudo-

sieboldianum, Styrax Styrax japonica,

Fraxinus rhynchophylla,

Others Japonica, Platycarya Platycarya strobilacea
strobilacea etc. total 24 4 .
. etc. total 25 species
species

Castanea crenata,
Styrax japonica,

Corylus heterophylla var.

thunbergii etc. total 20
species

Styrax japonica,
Acer pseudo-

sieboldianum, Hedera
rhombea etc. total 30

species

* a: importance percentage in Canopy layer, b: importance percentage in Understory layer, c¢: importance percentage in Shurb layer, d: Mean

importance percentage
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Figure 4. The distribution of the major woody species' diameter of breast height in eight Pinus densiflora
community types in the Byeonsanbando National Park
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SOIAl &R, BESOA 287 2A Sk 4
Z(D)7F 0.3604~0.81852 =9k FA=)7} 0.1815~
0.6396 2.2 Wol7] ufiolgict A7 £3F<1 2 Go
gt Ardutel vusEH HAAH oz AHi=ETd
1.3252(Park ef al., 1988), 7}opA2 5 1.1644(Lee et
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Table 5. Various species diverse of the eight Pinus densiflora community types in the Byeonsanbando National

Park (Unit: 400 m)

Community type

H'(shannon)

J'(evenness)

D(dominance)

H'max

EES<=2HEHE—~

1.2772~1.2985
1.1225~1.3111
1.1672~1.2676
0.8365~1.1626
1.0642~1.3161
0.3321~0.9627
0.2756
1.3836~1.3879

0.8343~0.8734
0.7933~0.8561
0.8249~0.8277
0.6542~0.8695
0.7108~0.8744
0.2227~0.6396
0.1815
0.8369~0.9140

0.1266~0.1657
0.1439~0.2067
0.1723~0.1751
0.1305~0.3458
0.1256~0.2892
0.3604~0.7773
0.8185
0.0860~0.1631

1.4624~1.5563
1.4150~1.5441
1.4150~1.5315
1.2041~1.4771
1.4914~1.5798
1.4914~1.5563
1.5185
1.5185~1.6532

* Shannon's diversity index uses logatithms to base 10.
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Table 6. Correlation between the importance values of the major woody species in Pinus densiflora community in

the Byeconsanbando National Park

A B C D E

F G H I J K

P. densiflora -0.508* -0.528*

-0.551* -0.586** -0.617**

-0.468* -0.462*% 0.584** 0.470* 0.505% 0.595%*

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

(A: Quercus variabilis, B: Carpinus tschonoskii, C: Sapium japowicum, D: Lindera erythrocarpa, E: Lindera obtusiloba, F:

Lindera glauca, G: Sasa borealis,
Rhododendron schlippenbachii)
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H: Fraxinus sieboldiana,

1. Vaccinium oldhami, J. Rhododendron mucronulatum, K:

Table 7. The prediction of Pinus densiflora forest's
vegetation change in the Byeonsanbando
National Park

Division Area(m’) Rate(%)

Maintenance of P. densiflora 44157.920 684

community

Success1qn to Q. variabilis 16,125,990  25.0

community

Potentlal' succession to Q. serrata 1,150,982 18

community

Potential succession to Querjcus 2340,049 3.6

and C. tschonoskii community

Management artificial forest 822,941 1.3
Total 64,597,882 100.0

Figure 5. The map of prediction of Pinus densiflora forest's
vegetation change in the Byeonsanbando National
Park
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Succession type

Object of management

Plan of management

Maintenance of P. densiflora
forest community

Maintenance of P. densi-
flora forest community

= Felling Quercus in under canopy layer and
shrub layer

Succession to Q. variabilis
forest community

Potential succession to Q. serrata
forest community

Potential succession to Quercus
and C. tschonoskii forest community

Influence increase pre-
vention of Q. spp and C.
tschonoskii

* Triming crown of Quercus and
C. tschonoskii

= Pelling Quercus in under canopy layer and
shrub layer

L

Management artificial forest

Increasing of naturalness

= Felling plant tree and restoration to natural
vegetation

Figure 6. Plan of management for P. densiflora forest community conservation
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