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Abstract: This study was conducted to select the indicator species (plant) according to the
topographical characteristics in the Picea jezoensis forests, endangered subalpine coniferous trees. In
South Korea and China (close to Baekdusan), the southern tree line limit of Picea jezoensis has
meaningful geographical and latitudinal values for analyzing the ecological characteristics of P.
jezoensis forests. Latitude greatly affects the geographical values of plant ecology, and the difference
in latitude and habitat affects the change in species composition in forests. With prolonged
environmental change, the habitat of subalpine plants will become smaller, and the plants may
become extinct. As the P. jezoensis forests of South Korea and China, in particular, are in danger of
disappearing without protection, it is important to monitor the population and develop a
conservation strategy. Eighty-seven circular plots were established in P. jezoensis forests in South
Korea and China. Through processes such as MRPP-test and NMS ordination, indicator species were
selected based on this, and basic data for biodiversity assessment were presented. As a result of the
Indicator Species Analysis (ISA), 5 taxa were selected from the upperstory vegetation and 18 taxa
from the understory vegetation at the altitude(p<0.05). Indicator species by aspect were analyzed as
3 taxa for upperstory vegetation and 16 taxa for understory vegetation (p<0.05). In the case of
indicator species according to the slope, 6 taxa for upper vegetation and 24 taxa for understory
vegetation were selected(p<0.05). As for the indicator species according to their habitat, 8 taxa in
upper vegetation and 65 taxa on understory vegetation were selected. As a result of MRPP-test, it
was analyzed that the species composition was heterogeneous in the group of understory vegetation
than that of upperstory vegetation. As a result of NMS ordination, the correlation with environmental
factors of indicator species was analyzed by rock exposure for upperstory vegetation and latitude
for understory vegetation (cut off level=0.3).
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‘g o]tk (Kong 20025 TUCN 2022). 7]$-#3}t= 7} U= 282 52 HE—4 & Aol & Aheh=
THIUHE ol Tt oot s B Lo 93k ‘:ﬂ = B Fo FREA G 22 FEOpAoF A
A A= 7hEH U £9 A EE opr|eH 2 AAA BaMdS Al&sHA wtetst a7t qlot of
(Germino et al, 2002; Mori et al, 2004; Hunziker

A3} Fofl ot TP o= At 7He] A wElo] o oF 5}7] wjEo]tHOdion & Sarr 2007).

A Elo] AlEZ0] A &S 4= 9lt} (Allen et al, 2010). SHH | n|ato] AAlA] B A F (Habitat Conser—

ZHEHI U= S5O o 2|99 ofarakt] AHd vation Plan) 17|l gt Fof et R4S
of 7V¢ de| £3xdts FOE =, o U, Qo] TdFo] ofd thES T FEjY A
Ao}, 0‘% S0 B3t (Nakagawa et al, 2003; A@o] I @ slcal 5FTH(Scott & Sullivan, 2000).

Aizawa et al, 2009). £3] @t} SN A 2 )AL= 2T} Bl YL Q ol7ke] HAe) ALE TA =

‘*FG}“E 715 13to]| ofsto] AR 7k AT A
& Brang 2005; Hasegawa & Mori 2007; Han et o &2 AAAQ AR -9 BAHS vigsto] A&
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Figure 1. Location of survey plots in South Korea and China (points indicate survey plots and Triangles indicate weather
stations).
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Figure 2. Precipitation and temperature graphs in Picea jezoensis forests in China and South Korea, (a) GB, (b) SB,

AF950.8 mm=E LER

(c) DG, (d) JR, (e) BD.
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Figure 3. Species-area curves for both forest layers through estimation of species richness. The Chao 1 estimator was

used. Error bars indicate standard deviation.
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Table 1. Information on the Picea jezoensis forest survey areas from South Korea to China

Contents GB SB DG JR BD
Number of plots 25 4 8 30 20
Latitude 37°43'40.67" 36°58'42.40" 35°51'4.70" 35°18'42.01" 41°4339.40"
~37°4420.31" ~36°59'35.77" ~35°51"25.85" ~35°2037.4" ~42°30'6.55"
Longitude 128°28'4.22" 128°3024.78" 127°44'42.22" 127°33'53.77" 127°47'3.94"
~128°28'55.84" | ~128°30'48.48" | ~127°44'49.84" | ~127°44'403" | ~128°38'55.30"
*Altitude (m) 1,378.1+13.8¢ 1,345.6+10.8¢ 1,552.3+10.0° 1,731.7421.6* 1,282.3429.4¢
*Rock exposure (%) 40.8+2.3% 56.3+3.7 35.643.7 36.3+1.9% 24.3+4.9¢
*Slope (°) 28.4+]1.3% 37.8+4.4¢ 22.4+4.6° 21.4+1.40 18.342.1¢
N 20.0 0.0 12,5 6.7 30.0
Aspect E 36.0 25.0 25.0 10.0 5.0
(%) S 20.0 75.0 0.0 333 25.0
W 24.4 0.0 62.5 50.0 40.0

Tukey’s post hoc, * means p < 0.01. The letters a, b, and ¢ indicate different delimiters in the ANOVA post hoc test.

Table 2. Basal area and stem density of each P. jezoensis forest study site using one-way ANOVA

Contents GB DG SB JR BD
Basal All** 32.26+3.62° 33.35+11.520 36.52+4.390 27.14+2.50° 81.95+14.27»
asal area
(m%ha) P iezoensis®* 6.49+1.21° 5.02+1.37° 2.89+1.11° 10.72+1.84% 21.93+5.082
-/ (:=20.1%) (=15.1%) (=7.9%) (:=39.5%) (:=26.8%)
Stem densi AllF* 888£70¢ 1,166£1602 2,056+2152 1,208+1244 1,31442942
em densi
(stem/ha)ty P iezoensis®* 10041420 724200 81£192 1901302 3444972
-/ (=11.3%) (=6.2%) (=3.9%) (=15.7%) (=26.2%)

Tukey’s post hoc, *: p <0.05, **: p <0.001. The letters a, b, and ¢ indicate different delimiters in the ANOVA post hoc test)
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Table 3. Results of MRPP-test for each altitude group

Index T A P
1,300 m-1,600 m x >1,600 m -17.250 0.0599 <0.001
Upperstory 1,300 m-1,600 m x <1,300 m -0.489 0.0026 0.261
>1,600 m x <1,300 m -1.888 0.0179 0.052
1,300 m-1,600 m x 1,600 m -25.268 0.0570 <0.001
Understory 1,300 m-1,600 m x <1,300 m -1.028 0.0030 0.145
>1,600 m x <1,300 m -11.541 0.0650 <0.001

T: MRPP-test statistic, A: index of similarity within groups

Table 4. Indicator value of upperstory and understory vegetation by altitude

Index Group Scientific name / Korean name IV max p
<1,300m Ulmus laciniata | ‘FE VT 154 0.038
1.300m — 1,600m Taxus cuspidata | 5= 473 0.013
Upper story Acer ukurunduense | 5-A| 25 35.6 0.047
>1.600m Abies koreana | T4 5- 472 0.009
Rhododendron schlippenbachii | 4% 28.7 0.041
Abies nephrolepis | -0 -5+ 40.9 0.022
Corylus heterophylla | 7] -5 333 0.003
Euonymus macropterus | U2} 3|5 30.7 0.042
<1,300m Tilia amurensis | 35+ 29.5 0.003
Lonicera maackii | 2| 55 16.0 0.050
Eleutherococcus senticosus | 7} A 2.2 1] 15.5 0.039
Berberis amurensis | W55 15.2 0.042
1300m - 1,600m Carex sfderoslicta/ [=IPNES 33.0 0.027
Under story Cimicifuga dahurica | F=31} 26.9 0.048
Rhododendron mucronulatum var. ciliatum | B2 73.1 <0.001
Calamagrostis arundinacea | AN & 64.4 <0.001
Solidago virgaurea subsp. asiatica / 1)<} %] 59.3 <0.001
Rhododendron schlippenbachii | 4% 55.0 0.003
>1,600m Tripterygium regelii / 1] & &5 51.7 0.011
Asplenium yokoscense W 1A} 49.2 0.007
Abies koreana | -5 44.4 0.009
Ainsliaea acerifolia | D}%% 27.5 0.041
Saussurea gracilis | -2-5-%| 27.1 0.015

At} 1,600 molAr Aek, 81
T} 1,300 m H]TE Tkl A f
o8 FAEGItHp<0.001),
PRIz wHE AFANT S W AEF
A5F AH(Table 4), AH2A1489 4% 1,300 m
011*1% GEUHRL(15.4), 1,300 m~1,600 mof A
£(47.3), BAZUR(35.6), 1,600 m o]A}<]

XWH"M% TRUHF(47.2), BH(28.1) 22 e

tlo
r{m

=]
rE

|

= rlr

Wk, 3482 A 1,300 m m|ghe] Rghol A B
HILHR(40,9), A4 UHH(33.3), U 2U-(30.7), =
UH(29.5), ZBU(16.0), 7HA 225 (15.5), widt
EUE(15.2)2 Yo, 1,300 m~1,600 mof A
L AFR(33.0), =2 450H26.9)F BA w9l
1,600 m o]4Fo] Mgt A= gxIEe(73.1), HAE
(64.4), 1931(59.3), B#(55.0), #|FEUF(1.7),
WILAR](49.2), FAAUHR(44.4), TEH(27.5), &
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Figure 4. Picture of Indicator species by altitude, (a) Abies koreana (in Jiri-san), (b) Acer ukurunduense (in Sobaek-san),
(c) Calamagrostis arundinacea (in Gyebang-san), (d) Solidago virgaurea subsp. asiatica (in Deogyu-san) photo
by Tae-Im Heo.
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APA(p=0.003)9ll4 5A1F f-240] e
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Table 5. Results of MRPP-test for each Aspect group, E:

east, S: south, W: west. N: north

Index T A p
ExN -1.465 0.011 0.085
ExW -3.346 0.018 0.006
Upper ExS -0.823 0.008 0.184
story NxW -0.744 0.003 0.203
NxS -0.719 0.006 0.208
WxS -1.607 0.009 0.071
ExXN -1.143 0.005 0.127
ExW -2.438 0.009 0.025
Under ExS -2.069 0.013 0.038
story NxW -1.314 0.004 0.103
NxS -3.885 0.020 0.003
WxS -1.822 0.008 0.056

T: MRPP-test statistic, A: index of similarity within groups

3(16.2), FAMIZE012.5) 02 ZAFH U}, gAY
745 Aol eke] (33.1), eEpAR(26.7), Thell(24.7),
off 7180w (23.7), P EU(18.3), A thAt=
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Table 6. Indicator value of upperstory and understory vegetation by aspect

Index Group Scientific name / Korean name IV max p

E Taxus cuspidata | 5= 30.4 0.017

Upperstory S Betula costata | AA| 55 15.4 0.022
N Acer komarovii | AL 38.9 0.017

Dryopteris crassirhizoma | % 304 0.045

Polystichum tripteron | A A} 3LA}E] 272 0.010

Aster scaber | 23] 19.0 0.040

E Rubia chinensis | 3544 18.8 0.009

Pseudostellaria setulosa | 27102 17.8 0.022

Agastache rugosa | B} 23 16.2 0.027

Viola verecunda | F-| 9|2 12.5 0.049

Thalictrum filamentosum var. tenerum | A+ 2] th2] 33.1 <0.001

Understory . .

Carex erythrobasis | ALz 26.7 0.008

Actinidia arguta | T} 24.7 0.025

S Oxalis acetosella / o 7] 3 o| w3 23.7 0.010

Lonicera tatarinowii var. leptantha | 3 3 S5 183 0.025

Carex okamotoi | X| 2]t A}z 17.7 0.017

Arisaema amurense | S XA 15.9 0.028

Streptopus koreanus | =T o}A| 1] 12.7 0.039

N Cimicifuga simplex | &=t %1} 12.5 0.044

Figure 5. Picture of Indicator species by aspect (a) Thalictrum filamentosum var. tenerum (in Jiri-san), (b) Polystichum
tripteron (in Sobaek-san), (c) Carex erythrobasis (in Baekdu-san), (d) Acer komarovii (in Gyebang-san) photo by
Tae-Im Heo.
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17.7), UG (15.9), FEdoAH|(12.1) & & Table 7. Results of MRPP-test for each slope group, I: <15°,
ME QT BARE Eoi50H(12.5)2 LEhgon, ll: 15°~20°, Ill: 20°~25°, IV: 25°~30°, V: 230°
MAFE L 2| 0 ZH 0] EAA S04 0] 1A Index iy A ,

IVxv -0.700 0.005 0.214

VIl -1.598 0.018 0.073

IVxII -3.545 0.030 0.004

3) A VI -1.007 0.015 0.146
A e F249 HolE BA 7| 95}l Upper | VXL | 0781 | 0005 | 0.198
MRPP—testZ A5} 3tHTable 7). AAFZS] Atk story VxII -2.601 0.014 0.017
o AL 15° H]TY. AL 15°~20°), 27 VI -0.382 0.003 0.306
HIxII 0.752 -0.006 0.758

APAIIL 20°~25), ALA V- 25~30), HAA(V 1Ix] 0393 | -0.005 | 0.600
307 o) = Fote] EAskaltt. A A 54 1x] -1.507 0.014 0.081
A= FEA x BAA] (p=0.004), FEA] x AFA] IVxV | 0315 | 0.001 0.329
(p=0.017)0lA] Ex42] o] A o] BA A o & Z}o]7} IVXIII -1.706 0.014 0.066
Q1A E T} AL 327 x AAFA] (p=0.047), VIl -1.970 0.011 0.047
HEA X A (p=0,038), A x A (p= o W A I

0.001), B3R x AAA] (p=0.030), A3 A x AAAA] Under VI -4.344 0.019 0.001

story VXII -2.299 0.008 0.030

(p=0,015), AN x AAA|(p=0,036), BAAA x 1
A (p=0.025), ZBAFA] x &7 AHA] (p=0.049) & M= | 2261 | 0013 | 0.036
BEAE T} 1IR3 -2.390 0.018 0.025
AR o T FlEu|UpR o] R FE BA AT} I | -1960 | 0012 | 0049
(Table 8), A=AIA Q] AL AAHALR of| A gFalErt T: MRPP-test statistic, A: index of similarity within groups

Table 8. Indicator value of upperstory and understory vegetation by slope

Index Group Scientific name / Korean name IV max p
Magnolia sieboldii | THeTZ U5 29.8 0.009
I Acer mandshuricum | S35 25.0 0.005
Euonymus oxyphyllus | 23|} 5 16.7 0.034
Upperstory
I Acer ukurunduense | 5-A1 25 29.7 0.020
v Pinus koraiensis | 3 5 393 0.002
Quercus mongolica | A1 25+ 28.1 0.048
Actaea asiatica | ‘=4 27.7 0.002
Actinidia arguta | T}2}| 252 0.026
Rubia chinensis | 22744 25.0 0.002
Angelica gigas | 27 24.8 0.011
| Magnolia sieboldii | P25 23.7 0.030
Understory Acer mandshuricum | 735 22.0 0.009
Isodon excisus | 2 2|W= 214 0.030
Euonymus oxyphyllus | Z-3 U5 19.2 0.018
Pseudostellaria setulosa | <=7 22 18.0 0.027
Sedum polytrichoides | B} 343} 16.7 0.030
I Hydrangea serrata f. acuminata | A=+ 17.1 0.037
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Table 8. Continued

Index Group Scientific name / Korean name IV max p

Filipendula glaberrima | € 2] % 253 0.019

v Thalictrum filamentosum var. tenerum | A% 2] t}2] 193 0.042

Lonicera tatarinowii var. leptantha / 3 3]& 15 18.8 0.025

Streptopus koreanus | =5t o} A H| 174 0.018

Asplenium yokoscense | ¥ ILA}2] 39.8 0.001

Sasa borealis | Z 3t} 39.8 0.001

Understory Solidago virgaurea subsp. asiatica / 1] % | 32.6 0.003
Quercus mongolica | A5 252 0.010

\Y% Sambucus williamsii var. coreana | T 22.7 0.012

Carex glabrescens | &AM 20.0 0.012

Viola verecunda | F-A) 8] 2 20.0 0.014

Hemerocallis hakuunensis | 9-8-AF 2] 18.9 0.015

Viola selkirkii / %] A 1] 2 16.2 0.027

Figure 6. Picture of Indicator species by slope, (a) Actaea asiatica (in Gyebang-san), (b) Magnolia sieboldii (in Sobaek-san)

photo by Tae-Im Heo.
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Table 9. Results of MRPP-test for each slope group, JR:
Jiri-san, DG: Deogyu-san, SB: Sobaek-san, GB:

Gyebang-san, BD: Baekdu-san

Index T A p
GB x SB -3.943 0.047 0.003
GB x DG -4.053 0.042 0.003
GBxJR | -17.424 0.099 <0.001
GB xBD | -14.196 0.099 <0.001
Upper | SBxDG 22212 0.070 0.034
story SB x JR -5.558 0.059 <0.001
SB x BD -6.614 0.099 <0.001
DG x JR -4.532 0.041 0.002
DG xBD | -10.223 0.127 <0.001
JRxBD | -16.775 0.111 <0.001
GB x SB -1.607 0.011 0.072
GB x DG -9.615 0.058 <0.001
GB xJR | -20.553 0.078 <0.001
GBxBD | -18.800 0.076 <0.001
Under | SBxDG 2417 0.045 0.018
story SB x JR -4.541 0.028 0.001
SB x BD -5.022 0.040 <0.001
DG xJR | -11.284 0.062 <0.001
DG xBD | -12.783 0.094 <0.001
JRxBD | -26.830 0.123 <0.001

T: MRPP-test statistic, A: index of similarity within groups
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Table 10. Indicator value of upperstory and understory vegetation by habitat

Index Group Scientific name / Korean name IV max p
DG Taxus cuspidata | 5= 40.4 0.019
Rhododendron schlippenbachii | 4% 325 0.039
Quercus mongolica | A1 25 51.5 0.007
SB Sorbus alnifolia | Ev -5 50.0 0.002
Upperstory —
Cornus controversa | 5ZU5- 47.8 0.003
JR Abies koreana | A E- 55.0 0.002
BD Abies nephrolepis | S-H| L5+ 81.8 <0.001
Picea jezoensis | 7}-H| - 46.6 0.007
Cimicifuga dahurica | =340 56.0 0.001
Actinidia arguta | T} 47.1 0.009
Isodon excisus | @.2]%}& 404 0.010
Angelica gigas | 27 372 0.014
Understory GB Dryopteris crassirhizoma | 3% 345 0.041
Weigela florida | 3-8 25 309 0.047
Prunus padus | 55 29.7 0.032
Rodgersia podophylla | =7 8] 5-) 28.0 0.027
Corylus sieboldiana var. mandshurica | E7] 5+ 28.0 0.030
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Table 10. Continued

Index Group Scientific name / Korean name IV max p
Actaea asiatica | ‘=57 24.0 0.031
GB Arisaema amurense | S A 20.0 0.023
Acer mandshuricum | S35 20.0 0.024
Carex okamotoi | | 2] thALZ 20.0 0.028
Sasa borealis | Z 3]t} 86.0 <0.001
Asplenium yokoscense | ¥ LA} 52.8 0.001
Hemerocallis hakuunensis | Y-S-AFQ 2] 37.5 0.005
Spodipogon cotulifer | 71 -/ 344 0.008
Woodsia polystichoides | $-E2 344 0.008
Rhododendron tschonoskii | 1225 33.1 0.014
Rubia akane | Z5AU 33.0 0.013
Acer pictum subsp. mono | 1L 22 L5 319 0.023
Quercus mongolica | A1 25 31.6 0.021
DG Symplocos chinensis f. pilosa | ‘= A L5+ 283 0.031
Carex lanceolata | 71 5At= 25.6 0.040
Carex glabrescens | {4 & A2 25.0 0.007
Hypericum ascyron | S¥|UE 25.0 0.009
Viola verecunda | 3-A| 0] 2% 25.0 0.007
Pseudostellaria setulosa | <=7 HZ- 24.8 0.046
Viola selkirkii / & A 1] 2% 20.7 0.023
Angelica amurensis | X273 20.7 0.020
Agastache rugosa | W Z3F 18.9 0.031
Understory -
Cymopterus melanotilingia | -3 V5 17.5 0.027
Hydrangea serrata f. acuminata | A== 51.6 0.001
Primula jesoana | 2-98 % 50.0 0.002
Athyrium brevifrons | Z-ARFIAF] 474 0.004
Thelypteris japonica | || AL 46.9 0.002
Saxifraga fortunei var. incisolobata | B}9| % & 423 0.001
Vaccinium hirtum var. koreanum | A+o§ = U5 372 0.006
Carex hakonensis | o 7| HFEA 2 34.9 0.015
B Pseudostellaria palibiniana | 2782 314 0.018
Ostericum praeteritum | 73 25.0 0.046
Chrysosplenium pilosum var. sphaerospermum | =33 0] 25.0 0.046
Corylus heterophylla | 7] -5+ 25.0 0.044
Erythronium japonicum | A& 4] 25.0 0.046
Polystichum ovatopaleaceum var. coraiense | Z}=3) 21| 25.0 0.046
Diarrhena fauriei | 3585 22.7 0.023
Disporum viridescens | -0 7] L}-2] 22.1 0.042
Clematis fusca var. violacea | 3= 213 0.020
Abies koreana | TS 49.0 0.003
Rhododendron mucronulatum | A2} 46.8 0.007
JR Calamagrostis arundinacea | SN & 38.6 0.021
Solidago virgaurea subsp. asiatica / 9% | 34.1 0.028
Rhododendron schlippenbachii | 4% 33.8 0.034
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Table 10. Continued

Index Group Scientific name / Korean name IV max p
Maianthemum dilatatum | 2 55-1]2% 70.0 <0.001
Carex erythrobasis | SteAFZ 45.8 0.004
Lycopodium chinense | TF&F]112] 40.1 0.010
Equisetum hyemale | £:-A)| 40.0 0.005
Parasenecio adenostyloides | 7|25 U= 384 0.007
Understory BD Lonicera tatarinowii var. leptantha | 3] 3] S5 35.0 0.014
Ostericum grosseserratum | A7+ 2} 30.0 0.023
Impatiens nolitangere | '=o-5-5-4 25.0 0.020
Thalictrum filamentosum var. tenerum | A+% 2] t}-2] 249 0.041
Lycopodium obscurum | THA A5 21.1 0.030
Rubus idaeus var. microphyllus | " €l'g7] 20.0 0.014
Streptopus koreanus | ==t oA H] 20.0 0.033

Figure 7. Picture of Indicator species by habitat, (a) Cimicifuga dahurica (in Gyebang-san), (b) Sasa borealis (in Deogyu-
san), (c) Weigela florida (in Gyebang-san), (d) Lycopodium chinense (in Baekdu-san) photo by Tae-Im Heo.
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Figure 8. NMS ordination (cut off=0.3) of upperstory species (AbKo: Abies koreana, AbNe: Abies nephrolepis, TaCu:
Taxus cuspidata, UlLa: Ulmus laciniata, RhSc: Rhododendron schlippenbachii, AcUk: Acer ukurunduense,
AcKo: Acer komarovii, BeCo: Betula costata, QuMo: Quercus mongolica, PiKo: Pinus koraiensis, MaSi:
Magnolia sieboldii, EuOx: Euonymus oxyphyllus, AcMa: Acer mandshuricum, SoAl: Sorbus alnifolia, CoCo:

Cornus controversa, PiJe: Picea jezoensis).
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Figure 9. NMS ordination (cut off=0.3) of understory species (SoVi: Solidago virgaurea subsp. asiatica, CaAr
Calamagrostis arundinacea, RhMu: Rhododendron mucronulatum, CaSi: Carex siderosticta, CiDa:
Cimicifuga dahurica, EuMa: Euonymus macropterus, CoHe: Corylus heterophylla, AbNe: Abies
nephrolepis, PoTr. Polystichum tripteron, AsSc: Aster scaber, AcAr. Actinidia arguta, ThFi: Thalictrum
filamentosum var. tenerum, DrCr. Dryopteris crassirhizoma, CiSi: Cimicifuga simplex, CaEr. Carex
erythrobasis, SaBo: Sasa borealis, AsYo: Asplenium yokoscense, HySe: Hydrangea serrataf. acuminata,
FiGl: Filipendula glaberrima, AcAs: Actaea asiatica, RuCh: Rubia chinensis, LoTa: Lonicera tatarinowii
var. leptantha, AbKo: Abies koreana, RhMu1: Rhododendron mucronulatum, RhMuZ2: Rhododendron
mucronulatum var. ciliatum, PrJe: Primula jesoana, HeHa: Hemerocallis hakuunensis, AtBr. Athyrium

brevifrons, ISEx: Isodon excisus, LyCh: Lycopodium chinense, MaDi: Maianthemum dilatatum).
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