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Abstract: The vertical distribution of vegetation can be classified according to the altitudinal gradient and the
distribution of species along this gradient. The purpose of this study was to analyze the vegetation structure, species
composition, dimensional density, and change according to altitude. These data illustrate the distribution of coni-
ferous forest by altitude. By order of importance, the vegetation structure of this mixed forest consisted of Abies
nephrolepis (12.2), Pinus koraiensis (10.86), and Acer komarovii (8.11). As a result of species composition accord-
ing to the altitude, 4. nephrolepis and Maianthemum bifolium increased in importance with increasing altitude.
Tripterygium regelii emerged between 1,400 m and 1,600 m, which indicates that forest gaps were frequent at that
elevation. The species diversity index was the highest from 1,400-1,500 m and coincided with the presence of forest
gaps. The changes in A. nephrolepis of evergreen conifers increased significantly from 402 + 5.4 ha.' to 528 +
11.6 ha.! for two years, and decreased from 57 + 1.3 ha.! to 56 + 1.6 ha.”! for P koraiensis. The density of A.
nephrolepis and P. koraiensis seedlings significantly increased at 1,500-1,600 m. The results of this study can be
used as a basis to identify the mast seeding year with the increase or decrease of seedlings. In addition to
documenting the evergreen conifer population of the Seorak Mountain, these results can be built upon for future
monitoring of seedlings mortality.

Key words: altitudinal gradient, ecological monitoring, seedling dynamics, subalpine zone

* Corresponding author
E-mail: cwyun@kongju.ac.kr
ORCID
Chung Weon Yun https://orcid.org/0000-0001-7048-6980

115



116

0
(=1

R LR

8
1“12
B

H

M E

/KI}\})]_OJ

A4 444 BEL DEeo] ujet 7RI 4 glo
W, g

7291 7| Fwstel otet A4 Ao wst
(GEaAAL Tak)el qkz %29l A7) Waol
Q=1 QITKBrigitta et al.,, 2009; Lenoir et al.,, 2009;
Zhang et al., 2010; Kim et al., 2019). 7|5 H3}lo| )-S5t
cheRe 9 ATt A3t wdo] Washe, Wt WS
9 A7 YR TeET 9}
22 AR olH DAY BT RES Rol 4]
Bof o] Bl A2 EL Tk ABS el ¢
e 2o AAAE olESAF S 02 WA
1L )t Grabherr et al., 1995; Guisan and Theurillat, 2000,
Theurillat and Guisan, 2001; Brigitta et al., 2009).

2 AYATES 7T et s2gA Ho] A
= 7ZgFo| 3] m(Kullman, 2002; Lloyd and Fastie, 2003;
Danby and Hik, 2007; Zhang et al., 2010), 1 732 72
3hA) ghgkort Qi W Zrle Ao PaE: gtk
(MacDonald et al., 1998; Danby and Hik, 2007; Klasner
and Fagre, 2002). 181} Y& AFAEL 7|15 U3tz
QU5fe] AL o] o] FolSo] B A% W B &
Wl g e LR Q8] A4 WA gaste] 8
M) gAe §ASA EalA Axe] sgom
o]ojR 7o g F=3}al QTHGrace et al., 2002; Danby
and Hik, 2007; Kullman, 2007)

o) ARGl Agt 8 AfgEo] walshs T
A % 3} }o]ti(Sun and Chen, 2000). 2|4= &3} v
ato] 21747 f.o10] Wslol] © W7ksHA) WkS5}o)(Kullman,
1993; Germino et al., 2002; Brigitta et al., 2009; Kim et
al., 2019), Aol =R BZ o] Al L 517} o B
T2 249 AL 9 A Aol 2 Uth(Smith et al,
2003; Lenoir et al., 2009; Brigitta et al., 2009; Zhang et
al,, 2010). 7keF = 7] €] 2|0k A& QIrhH d=o] o
A} Fol SBaA M) i7sA Bk Tet A4k A
Agehe SEANe ANE SASAG ARl A%
Al 4= QJth(Klasner and Fagre 2002; Smith et al., 2003;
Lenoir et al., 2009; Brigitta et al., 2009; Zhang et al., 2010).
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et al., 2009; Yun et al.,, 2011; Han et al.,
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Table 1. Importance value of major species within vertical layers in investigation plots.

Species

Abies nephrolepis

Pinus koraiensis

Acer komarovii

Betula ermanii

Sorbus commixta
Maianthemum bifolium

Acer pseudosieboldianum
Quercus mongolica

Prunus padus

Tripterygium regelii

Veratrum oxysepalum
Rhododendron mucronulatum var. ciliatum
Rhododendron schlippenbachii
Calamagrostis arundinacea
Euonymus macropterus

Smilacina bicolor

Layer
Tree Shrub Herb MIV
21.53 12.55 2.52 12.20
29.63 1.76 1.19 10.86
6.90 15.39 2.03 8.11
11.18 3.30 0.17 4.88
6.93 6.39 0.51 4.61
- - 11.37 3.79
5.44 438 0.08 3.30
8.88 - 0.08 2.99
0.84 6.82 0.93 2.87
- 8.12 0.17 2.76
- - 7.95 2.65
- 7.57 0.34 2.64
- 7.35 0.25 2.54
- - 6.66 2.22
0.23 3.86 2.27 2.12
- - 6.01 2.00

102 species omitted (MIV < 2.0)
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Table 2. Importance value of major species within vertical layers along the altitudinal gradients.

Altitude (m) Layer ABNE PIKO ACKO TRRE CAAR MABI
Tree 15.70 35.25 9.73 - - -
1300-1400 Shrub 7.93 - 18.20 - - -
Herb 2.08 1.39 3.82 0.69 32.62 3.13
Tree 17.90 38.90 4.66 - - -
1400-1500 Shrub 4.25 2.20 20.05 8.44 - -
Herb 342 0.93 342 - 2.49 8.37
Tree 19.85 38.66 7.79 - - -
1500-1600 Shrub 13.26 1.71 17.46 12.67 - -
Herb 2.08 1.08 1.23 0.15 3.08 11.03
Tree 51.73 34.22 - - - -
1600-1700 Shrub 18.60 2.15 6.40 - - -
Herb 3.46 1.76 2.34 - 8.73 21.46

Abies nephrolepis (ABNE), Pinus koraiensis (PIKO), Acer komarovii (ACKO), Tripterygium regelii (TRRE), Calamagrostis
arundinacea (CAAR), Maianthemum bifolium (MABI).

A Aol wle) mwEel AT el YRS 1AL ASR ®ILE AckMatthew
Jojo] ¢ BulubRo] 4 et al, 2002). 1,600-1,700 mojq v]dEite] uE @

oA olo] FFE B o Ll Ry We BELw, vieno] 5 Fgt @
W] og getol AR Aoz Bk, 7ol 2AElo] qloul, At A)%o] Ae}rlol gk}
&AL, i AAR|oA 235t wahE, e 5 A
2. nzof Mg =M 4 Aol MAEE ol FaL 317] wiiZolth(Lee et al., 2014;
oAl o AN AER 4] nEE HE= g Kim et al., 2019).
I 2EZA 2L 2938 YEYE 28 159 o} SHE FoHHIAT 55 v A 5SS et
oF AR, 1600 m olsol A AR MEFE Sl Z/FESR S W FEEE Yolon, BEE
SHt P53 283 Sold AULRe BulLE 5o 7 ZRALS 1400-1500 m Tl w]aA ek
827} =7 UEbdti(Table 2). =8 S A 5 (), w5 =0")7F =4 vebsteh ol sidar=d 59
A BHURE Es) Zokgkl nleh 204wk Z7h Sz B4 ATk} 20| 1400-1,500 m o)A 4 Eel
H A2 RS LO0-LT00 mold) SRA7E K el setel slof] ol Ao we
70 ety 0l EuRe] 49 1,600 molatol A U Tk & B AAE E ATl B olFe Bt
ERLpal Sl W 1,600 m 0]"*4 Ao FASHA & gkl ofsff AMARE AL 222K o] AR|al P4
L gow et AXES ndEuRe] £2A7h 4 S(eurythermal plango] ]3] THAl #9]%IcHBrokaw
£ 1= AKAE AQstal e ik koA = and Busing, 2000). o]2|gt B oA FohYAHS s
< FEAE YEAL Qv mgEte] Sax] Het 9, Ae 23 wte] FRoll o8] A4 Erk(Ellum
= AR B Bdets B2Ao] TS 7AW, et al, 2010; Duguid et al, 2013). ZrpFYL 7|E 97
2E5E #EI7HA] Aoz 9 BAS Hsid ol thet f/dEet agk FA 5 o] QdE = Fof vt
= Utk ngEyRel e gagdAEe Ede A T4 S7HF YebdtHKumar and Ram, 2005; Bolton
A % B S5E wobat & 9lon], 49 XS @ and D’Amato, 2011)
TS 5= U= S=7F 7]l AEAQ] 2mYEE E o, mYEauy FaX7F M A vERd 1,500-
=97 @7t dasieh a4 AlEd FREES 1 1,600 m 3% F7H2 2250 it =7t 7P 9 yE
Eob Zokgel wet FRA7h SAekelnh AES A Ua ok BEES 2 W loleu st AdE 49
xa YUY 8 B e, B RO B, Bkl BREE] 9o ol Hsa Ao WA WS
3 R 2O A5 ARE FAVNE e olvl  Uehils 4R suEth 2T o ekt $50] 5
(Hogg and Victor, 1991), A E2] mlxof upg} 2|4 v A A ol|A =2A FxE o F7FskaL Hite] 75



Table 3. Species diversity index along the altitudinal gradients.
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Altitude classification (m)

Index Layer
1,300-1,400 1,400-1,500 1,500-1,600 1,600-1,700
Tree 1.42 + 0.12 1.56 + 0.09 1.15 + 0.09 0.72 £ 0.28
H' Shrub 1.35 £ 0.22 145 £ 0.12 1.34 + 0.09 141 £ 0.13
Herb 1.51 £ 0.25 1.81 £ 0.11 1.33 £ 0.10 148 £ 0.12
Tree 1.73 + 0.06 1.71 £ 0.06 1.73 £ 0.07 0.64 £ 0.23
H'max Shrub 1.82 £ 0.26 2.19 + 0.10 2.08 £ 0.07 2.03 + 0.09
Herb 3.21 £ 0.07 3.07 = 0.10 3.18 £ 0.1 2.68 + 0.04
Tree 0.83 £ 0.1 091 + 0.03 0.67 £ 0.05 042 + 0.21
¥ Shrub 0.78 + 0.21 0.66 £ 0.06 0.65 £+ 0.05 0.69 + 0.06
Herb 0.47 + 0.08 0.59 + 0.04 041 £+ 0.02 0.55 £ 0.04
Tree 0.16 + 0.10 0.08 + 0.03 0.32 £+ 0.05 024 + 0.18
1-J Shrub 0.21 £ 0.21 0.33 + 0.06 0.34 £+ 0.05 0.3 £ 0.060
Herb 0.52 + 0.08 0.4 + 0.040 0.58 £+ 0.02 0.44 + 0.04

% H' : Diversity index; H'max : Max diversity index; J' : Evenness, 1-J' : Dominance.

7+ 43k (Delong, 1975; Norman et al., 2005).
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Figure 1. Dynamics of Abies nephrolepis seedling density
into the two years.
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Figure 3. Dynamics of Pinus koraiensis seedling density
according to the altitudinal gradients.
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