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Abstract: In this study, the sustainability of Abies nephrolepis in the presence of Tripterygium regelii was analyzed.
To accomplish this, a field survey of140 stands was conducted. Based on the presence or absence of T. regelii, as
well as the layer in which it was present (where appropriate), the type of 7. regelii presence wasclassified as follows:
TP type, indicating the presence of 7. regelii in the tree and sub-tree layers; SP type, indicating its presence in the
shrub layer; and A type, indicatingits absence from all layers. The indicator species analysis revealed T. regelii to
be an indicator species of the TP type and SP type. The MRPP test was used to examine the differences among the
types. Moreover, the seedling and DBH class analysis indicated there to be a difficulty in terms of the status
competition, as the number of young trees generated by A. nephrolepis was the lowest in the TP type. The findings
of this study enhanced our understanding of the vegetation structure of A. nephrolepis, thereby contributing to efforts
concerningits conservation and management.

Key words: Abies nephrolepis forest, Tripterygium regelii, MRPP-test, indicator species analysis
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HEScH(Zhang et al., 2013). o}3At= H}gho
[e]

71ee o HAgE BiHsis 5 o
A 1

0
AL Aske] AlBo] Aolrbr]el #utat g0l chPark
et al., 2015). o] 2/ak obTAA| o] A GHE Hulipi
Z\Fs} At Aol g B ofe e

Ao % 9 Hehaal @A4bo] HE L It (Chun
et al., 2019; Kim et al., 2021; Park et al., 2022).
wulubne} gelE dgRe slFs A Bl
SE AH(Park et al., 2015; Lee et al., 2023), A& 3
Tz 9 FEo B3t 4(Chun et al., 2019; Park et al.,
2020; Lee et al., 2021; Park et al., 2021; Park et al., 2022;
Cheon et al., 2022; Shin et al., 2022) 5©°] it}

A gh(disturbance)o] &t AE}A, o4, WA 25 S
skl 7HEARE e EEl A S WSk 7= AThA
o7 EAL5ZF 9] AFA o H(Pickett and White, 1985; Duguid
et al,, 2013), 7] H}e} oA ALZQ1 BAof| Fof A4
el ohefet 9 5= W AIXItH(Bergeron et al,
1998). 2 Fa4 AlEFel vgEvirt e F3l
EHUE 5 ofazAl F ol AAb B AE]o]] FRE 7%

L 37t B aE]al QIokKim et al., 2020; Cheon et al.,
2022). F=0] gF W =9 FTh= Fo) W] B4
Aol FEFE A wet o]lF £ A e Adhsh=
Ao 2 o] AR tH(Zahawi and Augspurger, 1999; Schnitzer
et al, 2000). ]S gk 5 4 Eo| WRAISE 314 o)
A FA38] st T APAL Aok AAt 59 A=
YAFHollA 27843 & oA FAZZQD F3Fol
el QIti(Kim et al., 2018; Kim et al., 2020). T35t
FHIU, U] Aside] 93 & AoR 9%
Ew, ofaik M PRlolA T3 ko] Wadt pFo R
Tt ch(Park et al., 2016).
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Figure 1. The location of study sites.
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Al 2A13]8}H24] ¥ (Braun-Blanquet, 1965)0] wha} 2A}st
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7 o] QX §7 B4 el Bk A4z 43
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7B FA B2 2(Korea National Arboretum, 2022)
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oFsl 4~ 9l= MRPP-test
(Multi Response Permutation Procedures test)«= 2z Jot 7+
of o4l B fAASE ol8sto] FH oS AF
g 4= Q1 o m(Berry et al., 1983; McCune and Grace, 2002),
7] A== Serensena AHE-SFRITE A|EF A (indica-
tor species analysis)> &3} 7] %(randomization test)S
o|-g3sto] Alibstlal, A #FE AA SZA oA dE
3t -3t Fo (Dufrene and Legendre, 1997) -$-2]
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AFRAL ARE EHE FHUF 45 ha'd 2542
shibstel W Aotk B2 AThA $A1% Hwst
7] 943l Curtis@} MclIntosh(1951)2] 7|02 A= X
(IV)E Al4tstgon HatAtHE 2 2|(Mean importance
value, MIV)= 29 & 7}&2X&E Hojdl (&= [Vx

4ol E-Z [Vx2+4EZ [Vx1+2EZ [VX0.5)/6.52 AF
Soholeh AR E 44 2 b 5 B
9Jh AAEA} ARE vhero R $91Y Frhob(Shannon
diversity index, H), Z|t}Z&thoF=(H’ max), w5 =(Evenness,
J’), A= (Dominance index, D)E £43}% tH(Shannon
and Weaver, 1949; Brower and Zar, 1977). AFH2]A1Q] o4
e wEs) Sla fYuR BRe 2 o FuAY 6
em o4e] BRG] iR FHAAF Hu G vhehhgict

T4, MRPP-test, | 3524, FTHf== PC-ORD7

2 0] 83519, BEAFEAL IBM SPSS Statistics 252 E3]|
AFEstolct.
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2 ZALEGItKTable 1). o]= S 320l TE k= I
A= 295455 (Korea National Arboretum, 2016)2] 11.3%
off hhetel. kAl AEo) 63} 164 20% 2 FOR 314
Foo R Uegon, UxAlEo] 31} 5% 65 1HECR
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He o U] 3] 4] E(Korea National Arboretum, 2022)-&
CR(E%9|7]%: Critically Endangered)®] Atuls, AFZFOF
oAbk ek 3B 2L EN($]7]%: Endangered Species)9]
THedNEE, A, wFU, RV, B RS
5, UFE01E 67, VU(F2FE: Vulnerble) o] F7F=
L, G, £3u), velAe, el 28, 6x

S5 LC(FH4)=%: Least Concern)2 AlErFUE, IEE,

d

A(P<0.05) A= +F= EHSIA AR UE, 27bol 7| Ue, 2utele), 25U, g2n
Table 1. The vascular plants in study sites.

Taxa/system Family Genus Species Subsp. var. for. Total taxa Ratio (%)
Pteridophyte 6 16 29 0 2 0 31 9.3
Gymnospermae 3 5 6 0 1 0 7 2.1
Angiospermae 58 149 251 3 35 7 296 88.6
Dicotyledoneae 52 122 206 3 29 5 243 72.8
Monocotyledoneae 6 27 45 0 6 2 53 15.9

Total 67 170 286 3 38 7 334 100.0
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Figure 2. Species area curve of understory vegetation and upperstory vegetation.

Table 2. Basal area and stem density of each type using one-way ANOVA.

Contents TP SP A
Basal area A. nephrolepis 17.2+13.7° 10.8+10.2° 13.0+13.0°
(m?/ha)** All 13.76+19.03° 9.29+11.67° 11.57+15.20°
Stem Density A. nephrolepis 245.5£182.3™ 389.1+226.7" 398.46+188.0™
(trees/ha) All 1120.5+349.3™ 1196.9+367.0" 1244.2+397.2"

Scheffe's post hoc, *: p < 0.05, **: p < 0.001, ns: not significant. The letters a, b, and ¢ indicate different delimiters in the

ANOVA post hoc test)
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Figure 3. Topographic characteristics of the each types. (a) altitude, (b) slope, (c) aspect, (d) exposed rocks class.

((a), (b) using one-way ANOVA p < 0.05, Scheffe's post hoc, ns: not significant.
The means with the same letter are not significantly different)

o] 21.5-0%, FAFHO| 23.4-9.1%, AAFFHO] 36.4-29.2% 2]
Aplol] $1Ask AT A mE s B
U S EAAF 398 B 50% o]Ae] =8 A=

52 vepge sjuaee) 4

BER gRE 5

mz HLEM o2 o] Histe] Be
ZE §-0f3k Zfol7h Qlis AR LERATHp<0.001).

A= AGE o] 25.6+8.3°2 714

ol WEIA] 4 thH(p<0.05).

3. ATE

U] EUR FHe) T RulRYe] A4 TR B4
2 sjefsty] Slste] £ 2 H90 THFE BRANF
29} FriFES vlw BASGIG

REE QYT B ZIKTable 3), Brlhre] 9]
8 EeAs Pl BT} 18 - olmESelA FH
sh= TPR-Fo] WES AT BE F9o)4 7Hg A
vhebiteh nEURY FaK Wl 2ENY BEE
A Ao 9o AR FA 4 loml, A7

5 SP-& o] 1347.0£157.6
H‘:”'_TLE—E— _gl_oﬂ—y

Fetgon, fofat 2

14 A EAsHe T2 TS 72
et al, 2020). HIBURE P24 A AaAe)
22 TesiA7]a ME AAoR R W) $98
A to] B 5250] Aol RAHL AL 71T Kim
et al, 2018). 53], TPHFE vlelBLirel Ago] 44

FEom thE FFol vlste] EruEo] e =917t
g Zow woHr

EHUFR S FHdS 3ol Wk 9= st
o FHF=M), HRFHI=(H max), #+5=(0), T3
E(D)] 4714 A5z BHSACHTable 4). FrfoE L
2o Fol fUET F7F Hre] wesh AL 714
A F2 Aol sk A4 fRUeE 2A] ekt
(Schnitzer et al., 2001; Vasilevich, 2009). 5=+ t}ofst
Fol 54 Aojo] 127 BESW F7h5hi vieo] 49

A4S (Norman et al., 2005).
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Table 3. Importance value(IV) and Mean importance value(MIV) of major 15 species.

. Layers
Type Species T ST S 0 MIV
Abies nephrolepis 342 5.0 2.5 1.9 17.9
Quercus mongolica 10.9 2.9 3.2 0.2 6.4
Acer pseudosieboldianum 5.2 9.4 6.3 0.6 6.3
Magnolia sieboldii - 12.8 8.1 2.0 53
Pinus koraiensis 9.0 1.7 1.5 1.5 5.0
Acer pictum. var. mono 5.8 6.0 0.7 - 4.7
Acer ukurunduense 1.9 9.4 4.0 0.7 4.4
TP Taxus cuspidata 7.5 2.1 1.5 0.6 4.4
Tripterygium regelii - 9.4 7.6 1.6 4.2
Sorbus commixta 1.5 8.9 4.2 0.3 4.1
Tilia amurensis 4.4 5.1 1.5 - 3.8
Betula ermanii 4.8 1.2 - 0.3 2.6
Prunus padus 1.5 33 43 0.3 2.4
Actinidia arguta - 4.1 5.0 0.3 2.1
Acer komarovii - 2.7 4.7 1.5 1.7
others (97 species) 13.3 15.8 45.0 88.3 24.7
total 100.0 100.0 100.0 100.0 100.0
Abies nephrolepis 36.6 9.8 54 2.9 21.0
Betula ermanii 11.2 9.2 2.1 1.0 8.4
Quercus mongolica 11.1 7.3 1.4 1.0 7.7
Sorbus commixta 3.5 9.7 4.5 1.3 54
Pinus koraiensis 8.0 23 2.5 0.8 4.9
Acer komarovii 1.4 6.4 4.3 1.6 34
Tilia amurensis 3.9 4.6 1.0 0.3 34
Sp Acer pseudosieboldianum 0.9 7.0 4.4 1.3 33
Acer pictum. var. mono 3.2 4.7 0.9 0.3 3.1
Taxus cuspidata 33 34 0.7 0.1 2.7
Magnolia sieboldii - 5.3 43 0.8 2.3
Acer ukurunduense 1.1 5.0 1.6 0.2 2.3
Fraxinus rhynchophylla 2.8 2.6 1.0 0.2 2.3
Tripterygium regelii - - 12.3 33 2.1
Prunus padus 1.6 2.3 2.9 0.4 1.9
others (259 species) 11.3 20.4 50.6 84.3 25.8
total 100.0 100.0 100.0 100.0 100.0
Abies nephrolepis 36.5 10.8 7.2 33 21.6
Quercus mongolica 12.6 6.7 0.7 0.9 8.1
Sorbus commixta 4.2 13.0 4.8 1.4 6.8
Tilia amurensis 6.2 7.4 1.6 0.3 54
Pinus koraiensis 7.3 2.7 2.3 1.3 4.6
Betula ermanii 6.5 4.2 0.8 0.2 4.4
Acer pseudosieboldianum 1.3 7.7 4.6 1.4 3.8
A Magnolia sieboldii - 7.1 7.5 1.4 3.5
Acer pictum. var. mono 32 4.0 1.5 0.1 2.9
Acer ukurunduense 0.9 4.6 2.1 0.3 2.2
Acer komarovii 0.5 4.0 3.0 1.8 2.1
Prunus padus 0.8 3.7 3.0 0.9 2.0
Rhododendron schlippenbachii - 0.6 9.2 1.8 1.8
Carpinus cordata 1.3 2.4 1.1 0.1 1.5
Fraxinus rhynchophylla 1.8 1.8 0.7 0.2 1.5
others (229 species) 16.9 19.2 49.9 84.7 27.9
total 100.0 100.0 100.0 100.0 100.0

T: Tree, ST: Subtree, S: Shrub H: Herb, MIP; Mean impotance value
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Table 4. Species diversity indices of of three types.

EuLbRele] ATE 54 a1

Layer Type H H’max r D
TP 1.180 1.385 0.837 0.163
Tree SP 1.123 1.336 0.837 0.163
A 1.144 1.395 0.807 0.193
TP 1.853 2.089 0.873 0.127
Subtree SP 1.605 1.729 0.928 0.072
A 1.588 1.733 0.917 0.083
TP 2.143 2.351 0.910 0.090
Shrub SP 2.082 2.340 0.886 0.114
A 1.786 2.038 0.864 0.136
TP 2.299 2.820 0.804 0.196
Herb SP 2.447 2.896 0.836 0.164
A 2.027 2.526 0.785 0.215
TP 2.920 3.385 0.860 0.140
All SP 2.850 3.333 0.850 0.150
A 2.630 3.121 0.840 0.160

H’ : Diversity, H’'max : Max Diversity, J’

: Evenness, D : Dominance

Table S. Results of MRPP-test for each group (T: MRPP-test statistic, A: index of similarity within groups).

T A p
TP vs SP -0.662 0.006 0.230
TP vs A -3.608 0.034 0.004
SP vs A -14.402 0.074 0.000

cleREs} 71 A epdeh nleEuRe] 2Ee o
W ARAS 7HaA7) T, o 15 thet AR5
Z7}A1 71tk (Norman et al., 2005; Kim et al., 2020). ©]
uejzpe] Aol 4t TPRRelA 9% el of
3 )94 o] ol the ao] u8) Eriokest A
et glew gk,

fr o fe

4. Q8H =EXM 9l X|EE

MRPP Y indicator species #-4]-& ©]-&35}o] EH|UH
oA m|HBSUE E3of w2 2249 o)A W uE
2 sfola}irz} shoITh(Table 5 @ Table 6). MRPP-testi=

299 24 7 ol WAS Tt 5 gov] o] F FxA

GAF= A(Chance-corrected within-group agreement)3tS
2 uehd 4 QA I g2 004 19 gk 7HAIA] EaL
lof] 7WhEes fARE $2/4& ol&thMielke and
Berry, 1982; Cheon et al., 2014; Park et al., 2020).
MRPP-test 27} x| A 02 n]dE&1}Ro 23S =9
W2 gk TRolHE ol Aol QA v9E

006
°
Uie] 23 f-57e S8 &39S st a5 s

ot 2fol7} gl AR UrERgtTh(Table 5). pgte] 7%

SlelERel 29 frel 29% FEAS of TR
o} SPRH(p-023)2 G5 ok, TPHHS A
(p=0.004), SP+& I} A3 (p=0.000)2 23t Aoz U
Epstth Agel B9, TP-3 1 SPHE2 0.006 2 HHE
ol Hlalo] B o] Q) PR Ueptort 1 o4
= AR A ekttt TPR-3 3 AF-%- 0.034, SPH&
AFEZ 00742 P|YEUT7E ul - oful o] LR
P-f-3 o] %ﬂr%%oﬂf\i Lehd SPRRETE § oAl F
24& 7 Aom EAESI

X]ﬁ—g,—(indicator species)> 74 374 Aoy AJEA
o] E4 AeE UEly= F 2 Z(Dufrene and Legendre,
1997) ol2fgt F=& &7 W3 AejA 9 ¥eE A%
2 A% 4 otk $30) BE AEFL S9N 4
w7] 97 AEF B4 AT kg7 LrkTable 6).

WE 0] 49 TP 1 FER Ao
Hebe: olagel 49 TR e a .
SRR, o, AR HEH% SPTOr oA Ap
gupss) ekt pEse) A9 TPREdAE o,

H
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Table 6. Indicator species of each type.

A2 A435 (2023)

Layers species Group IV max p
Tree Acer pseudosieboldianum TP 19.5 0.0160
Subtree Tripterygium regelii TP 100.0 0.0002
Magnolia sieboldii TP 39.3 0.0046
Actinidia arguta TP 28.8 0.0098
Acer ukurunduense TP 27.7 0.0498
Actinidia kolomikta TP 14.5 0.0438
Betula ermanii SP 32.7 0.0172
Shrub Actinidia arguta TP 342 0.0038
Acer ukurunduense TP 24.1 0.0464
Ribes mandshuricum TP 20.3 0.0248
Taxus cuspidata TP 20.3 0.0248
Tripterygium regelii SP 55.0 0.0002
Herb Polystichum tripteron TP 38.4 0.0056
Isodon excisus TP 26.0 0.0294
Syringa reticulata TP 20.1 0.0248
Clintonia udensis TP 19.5 0.0334
Ainsliaea acerifolia TP 18.8 0.0484
Carex onoei TP 15.5 0.0284
Taxus cuspidata TP 14.5 0.0426
Tripterygium regelii SP 36.5 0.0012

IV max : maximum indicator value

SRS, R, 25, SPEol AL oSty
2 Uehgth 2EZ0] A9 TPadel A A,
s, NIV, UESAe), ©EF, vheAtE, 5,
SPHRoA= PYEUTE 24U ARFS e
S9l0l4 FoiEk A @mFo] YeRA hole.

HlelEU RS oo R 3 AT EAo] W3 TP, SPH
oA WS A EF o UEY R f30] &
2 R Ao yebgth B3 u Syt i
ol %3] ZHF TP4FolA Tefe} Atelrt A s
o2 FAESET, vdEUT= = okalAl A4 ofl A
% E(forest gap) W T T}50] AR SR Foln]
(Byeon et al., 2020; Cheon et al., 2022), t}&j& A&
APelo] SISk A8 4T} whE S4o] gIrkNam et
al,, 2008). F=4d AES wd A AFFEOE o]y
= 20 Z(Park et al,, 2019) s TP FHol|A] wt
of ofgfo] QA A%Hel mUE o] Wagh s

oleluse] Mgl FAT FA1e] B, 4 Wol ¥
of Aget Awwel B4, AT §, v7]4
o]

S TheFst QQlo] P& A H(Park et al., 2022),

o] AEkAtel] Qo] A=) wla] BAH aslo] B
T 751HA BE-S-8ch(Kullman, 1993; Germino et al., 2002).

238 7)Z2o7 BHUR o URe hat Bt A7
i Vel Ahe theat AekFigure 4). B4 A 2
H[Ls TPGEolA 10em u]gke] Sgol A ARI47H
7P Eeket 10 em o)) FgelA= thE F3 ol ]
slof 717 A AR el Sa) vjelEue) A
glo] 73t TPRIolA A=or 43 7FsAol =2 50
em o]4F9] o] HHIURY ARG Aoz
bt

ol= Aok, A4t T AE-FTHEY AA A4 H
AF U] A7 £S48 U, FARR 5 of
Hupol] £ daF 714 B 5] A= Asigt

= A A9} GASFHKim et al., 2018; Cheon et al.,
2022).

o] FaA AT 225 v ustlthFigure 5). 2] 28
oA FAHF EEx= MAEY A&4, 74 74
BE FEsl= 543 JEE Ag3tth(Harcombe and

Marks, 1978).



nelEite Zde] nie Bulrge] AT 54 413

250

n
o
[=]

w1
o

DI

The average number of seedlings / ha
—
—

IHme

N

BTP OSF BA

NI —

h<10

10<h<50 h=<50

Height class (cm)
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ZWT TPRPS T2 f3o] Hl3) HuluRe] oy
A7) WAt 24wy o] BB S et

o] o] B3l J 7 o]er(Park et al., 2015; Kim et al.,
2018; Park et al., 2022). n]&ZUHRLeL Bujupo] HA S
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B AL Sujubet BuUES gioR noEuE
Aol w2 BuLpRo] 2 &4e wolstaat sede). 7]
stz Qs A 2=7F Aol wet =9 A%
£57} 4L Z718 Ao 2 o 25 71-e-u(Phillips et
al,, 2002), & <717} BEeuRmal ol e}l d@&£97) 1Ak
YAr-EY B 9 #ejof 7jojstar 7| $ske §A%
tﬂﬁlﬁ AL Q= AHAE olslish=t] Helo] € Zlor

> o
rE g o

2 &
L
N
it
e
-
=
L
S~
>
1A
Lo
S|
H
—
w2
Y]
=
O
=
O
a

References

Bergeron, Y., Engelmark, O., Harvey, B., Morin, H. and
Sirois, L. 1998. Key issues in disturbance dynamics in
boreal forests: Introduction. Journal of Vegetation Science
9(4): 464-468.

Berry, K.J., Kvamme, K.L. and Mielke, P.W. 1983. Impro-
vements in the permutation test for the spatial analysis
of the distribution of artifacts into classes. American
Antiquity 48(3): 547-553.

Braun-Blanquet, J. 1965. Plant sociology: The study of plant
communities (Fuller, G.D. and Conrad, H.S. trans.). New
York. USA. pp. 439.

Brower, J.E. and Zar, J.H. 1977. Field and laboratory methods
for general ecology. Wm. C. Brown Company. lowa,
U.S.A. pp. 288.

Byeon, J.G., Cheon, K., Lee, D.H., Heo, T.I,, Lee, J.W., Kim,
J.D. and Park, B.J. 2020. The character of community
structure and distribution for Thuja koraiensis Nakai,
South Korea. Korean Journal of Plant Resources 33(2):

A2 A435 (2023)

93-105.

Cheon, K.I., Byeon, J.G., Kim, J.I. and Park, B.J. 2022.
Community structure of Abies nephrolepis habitats and
characteristics of understory vegetation in Mt. Gyebang
and Mt. Odae. Journal of the Korea Society of Environ-
mental Restoration Technology 25(5): 59-76.

Chun, Y.M,, Lee, H.Y., Gwon, J.H. ans Park, H.C. 2019.
Monitoring on the structure and dynamics of Abies
nephrolepis populations in Seoraksan National Park.
Korean Journal of Environment and Ecology 33(5):
565-577.

Curtis, J.T. and Mclntosh, R.P. 1951. An upland forest con-
tinuum in the prairie-forest border region of Wisconsin.
Ecology 32(3): 476-496.

Dufrene, M. and Legendre, P. 1997. Species assemblages
and indicator species: the need for a flexible asymmetrical
approach. Ecological monographs 67(3): 345-366.

Duguid, M.C,, Frey, B.R., Ellum, D.S., Kelty, M. and Ashton,
M.S. 2013. The influence of ground disturbance and gap
position on understory plant diversity in upland forests
of southern New England. Forest ecology and manage-
ment 303: 148-159.

Germino, M.J., Smith, W.K. and Resor, A.C. 2002. Conifer
seedling distribution and survival in an alpine-treeline
ecotone. Plant Ecology 162: 157-168.

Harcombe, P.A. and Marks, P.H. 1978. Tree diameter distri-
bution and replacement precesses in southern Texas
forest. Forest Science 24: 153-166

Horikawa, M., Tsuyama, I., Matsui, T., Kominami, Y. and
Tanaka, N. 2009. Assessing the potential impacts of cli-
mate change on the alpine habitat suitability of Japanese
stone pine (Pinus pumila). Landscape Ecology 24(1):
115-128.

Kim, J.D., Byeon, S.Y., Song, J.H., Chae, S.B., Kim, H.J.,
Lee, J.E., Yun, L.S., and Yun, C.W. 2020. Species com-
position dynamics and seedling density along altitudinal
gradients in coniferous forests of Seorak Mountain.
Journal of Korean Society of Forest Science 109(2):
115-123.

Kim, J.D., Park, G.E., Lim, J.H., and Yun, C.W. 2018. The
change of seedling emergence of Abies koreana and
altitudinal species composition in the subalpine area of
Mt. Jiri over short-term (2015-2017). Korean Journal of
Environment and Ecology 32(3): 313-322.

Kim, J.W., Jeon, J.Y. and Park, H.C. 2021. Survey on the
annual mortality of Evergreen conifers (4bies koreana,
Abies nephrolepis) in the major national park: A case
study on Seoraksan, Deogyusan, Jirisan National Park.



ST Fdol whE

Journal of National Park Research 12(2): 79-84.

Kong, W.S. 1998. The alpine and subalpine geoecology of
the Korean Peninsula. Korean Journal of Ecology 21(4):
383-387.

Kong, W.S. 2005. Selection of Vulnerable indicator plants
by global warming. Asia-Pacific Journal of Atmospheric
Sciences 41(2-1): 263-273.

Korea National Arboretum. 2016. Distribution maps of vas-
cular plants in Korea. http://kna.forest.go.kr. (2016.10.
17.)

Korea National Arboretum. 2022. Checklist of vascular plants
in Korea.. http://www.nature.go.kr/kpni/index.do. (2022.
01.28.)

Korea Meteorological Administration. 2023. Automated Sy-
noptic Observing System Data

Kullman, L. 1993. Tree limit dynamics of Betula pubescens
ssp. tortuosa in relation to climate variability: Evidence
from central Sweden. Journal of Vegetation Science 4(6):
765-772.

Lee, H.Y., Chung, B.K., Chun, Y.M. and Oh, C.H. 2021.
The Research on the Phytosociological characteristics of
Abies nephrolepis Maxim. community in Mt. Seorak,
Korea. Korean Journal of Environment and Ecology
35(1): 37-47.

Lee, S.J., Shin, D.B., Byeon, J.G., and Oh, S.H. 2023. Climate
change vulnerability assessment and ecological charac-
teristics study of Abies mnephrolepis in South Korea.
Forests 14(4): 855.

Lee, T.B. 2003. Coloured flora of Korea. Hyangmunsa. Korea.
pp- 999.

Mason, N.W., Mouillot, D., Lee, W.G. and Wilson, J.B. 2005.
Functional richness, functional evenness and functional
divergence: the primary components of functional diver-
sity. Oikos 111(1): 112-118.

McCune, B. and Grace, J.B. 2002. Analysis of ecological
communities. MjM Software Design, Gleneden Beach,
Oregon, U.S.A. pp. 300.

Melchior, H. 1964. A Engler’s Syllabus der Pflanzenfamilien.
Geburder Borntraeger. Berlin. Band. pp. 666.

Nam, Y.K., Kim, HK. and Lee, Y.H. 2008. Ecological
characteristics of Actinidia kolomikta community in Mt.
Gwangdeok and application methods in landscaping
planting design. Journal of People Plants and Environ-
ment 11(1): 73-81.

Phillips, O.L., et al. 2002. Increasing dominance of large
lianas in Amazonian forests. Nature, 418(6899): 770-774.

Park, I.LH. and Seo, Y.K. 2002. Plot Size for Investigating
forest community structure(5) -Adequate number of plots

BHlLRge] AT

g

J 415

J

for tree and shrub strata in a mixed forest community
of broad-leaved trees at Guryongsan area- Journal of
Korean Forestry Society 15(4): 394-400.

Park, B.J., Kim, J.J., Byeon, J.G., Cheon, K., Joo, S.H. and
Lee, Y.G. 2016. The classification of forest community
and character of stand structure in Mt. Myeonbong-
focused on research Forest in Kyungpook National
University, Cheongsong. Journal of Korean Society of
Forest Science 105(4): 391-400.

Park, B.J., Lee, J.W., Kim, J.D., Heo, T.I., Lee, D.H., Lee,
J.H., Nam, K.B., Kim, H.J., Shin, C.H. and Byeon, J.G.
2020. Forest stand structure of Abies nephrolepis po-
pulation in Mt. Hwangbyeong. Journal of Agriculture &
Life Sciences 54(3): 35-45.

Park, G.E., Lim, J.H., Bae, G.H., Kim, J.S. and Jo, H.J. 2015.
Conifer forest in subalpine zone in Korea (I) : Mt.
Gyebang. National Institute of Forest Science. pp. 86.

Park, G.E., Kim, E.S., Jung, S.C., Yun, C.W., Kim, J.S.,
Kim, J.D., Kim, J.B. and Lim, J.H. 2022. Distribution
and stand dynamics of subalpine conifer species (4bies
nephrolepis, A. koreana, and Picea jezoensis) in Baek-
dudaegan Protected Area. Journal of Korean Society of
Forest Science 111(1): 61-71.

Park, H.C., Lee, J.H., Lee, G.G. and Um, G.J. 2015. Environ-
mental features of the distribution areas and climate
sensitivity assesment of Korean Fir and Khinghan Fir.
Journal of Environmental Impact Assessment 24(3):
260-2717.

Pickett, S.T.A. and P.S. White, 1985. The ecology of natural
disturbance and patch dynamics. Academic Press, New
York, NY.

Schnitzer, S.A., Dalling, J.W. and Carson, W.P. 2000. The
impact of lianas on tree regeneration in tropical forest
canopy gaps: evidence for an alternative pathway of
gap-phase regeneration. Journal of Ecology, 88(4):
655-666.

Schnitzer, S.A. and Carson, W.P. 2001. Treefall gaps and
the maintenance of species diversity in a tropical fores.
Ecology 82(4): 913-919.

Shannon, C.E. and Weaver, W. 1949. The mathematical
theory of communication. University of Illinois Press,
Urbana, USA. pp. 108.

Sim, H.S., Cho, HJ., Kim, J.S., Bae, K.H., Lee, C.B., Chung,
Y. and Sim, J.H. 2022. Plant species richness and the
drivers across forest strata on the Mt. Huiyang, South
Korea. Journal of the Korean Data And Information
Science Society 33(5): 869-882.

Shin, D.B. and Oh, S.H. 2022. Vegetation Structure and



416 BREILAMRRIZ2 S5

Characteristics Analysis of Abies nephrolepis Forest in
Southern Region of Gangwon-do, Korea. Journal of
Korean Forestry Society 111(2): 224-233.

Stokes, M.A. and T.L. Smiley. 1968, An introduction to tree
ring dating. University of Chicago Press, Chicago, pp.
73.

Vasilevich, V. 2009. Species diversity of plants. Contem-
porary problems of ecology 2: 297-303.

Yun, J.H., Kim, J.H., Oh, K.H. and Lee, B.Y. 2010. Vertical
distribution of vascular plants in Jungsanri, Mt. Jiri by
temperature gradient. Korean Journal of Environment

A2 A435 (2023)

and Ecology 24(6): 680-707.

Zahawi, R.A. and C.K. Augspurger. 1999. Early plant suc-
cession in Abandoned pastures in Ecuador. Biotropica
31(4): 540-552.

Zhang, D. Katsuki, T. and Rushforth, K. 2013. Abies
nephrolepis, The IUCN Red List of Threatened Species,
Version 2014.3. https://www.iucnredlist.org/.

Manuscript Received : July 24, 2023
First Revision : September 12, 2023
Accepted : September 13, 2023



