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The Change of Seedling Emergence of Abies koreana and Altitudinal Species Composition
in the Subalpine Area of Mt. Jiri over Short-Term(2015-2017)"
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ABSTRACT

To investigate the changing patterns of sub-alpine forest vegetation due to climate change requires
accumulation of contiguous reference data and continuous monitoring. Furthermore, it is crucial to monitor
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short-term ecological change of lower level vegetation to understand the trend of long-term vegetation change.
Therefore, this study carried out a vegetation survey and tree diameter measurement in 36 plots of Mt. Jiri
inhabited by Abies koreana species from 2015 to 2017 to examine the short-term dynamics of Abies koreana
seedling and the change of vegetation distribution according to altitude. We analyzed the importance value and
MIV (mean importance value) of major species by each stratum as well as the importance value and species
diversity index of major species and the change of seedling population by altitude. The results showed that Abies
koreana had the highest importance value on tree layer, Rhododendron schlippenbachii on shrub layer and
Tripterygium regelii on herb layer. MIV was high in the order of Abies koreana, Rhododendron schlippenbachii
and Acer pseudosieboldianum. Regarding the species composition and species diversity index (H’) along the
altitudinal gradient, Sasa borealis showed high MI and low H’ in the elevation less than 1,500 m, and IV of
Tripterygium regelii and H’ of herb layer were high in the elevation of 1,700 - 1,800 m. Abies koreana seedling
decreased by 22.4% from 1,250 n/ha in 2015 to 970 n/ha in 2017 (p <0.05) throughout the investigated area.
The decline rate along seedling and sapling height were 22.9% in less than 10 cm, 3.4% in 10-30 cm, 8.9% in
30-50 cm, 39.3% in 50-100 cm, and 55.1% more than 100 cm. Few of 4. koreana seedlings appeared due to
the dominance of Sasa borealis in the elevation of 1,500 m or less and due to the dominance and high species
diversity of Tripterygium regelii in the elevation of 1,700-1,800 m. On the other hand, many of 4. koreana
seedlings appeared in the elevation of 1,600-1,700 m due to no distribution of S. borealis and T. regelii species
in that altitude range. Therefore, we concluded that those seedlings and saplings of 4. koreana could be more
stable in the altitude of 1,600-1,700 m.

KEY WORDS : ALTITUDINAL GRADIENT, CLIMATE CHANGE, LONG-TERM ECOLOGICAL MONITORING,

UNDERSTORY
ALEE YA SeiE v14 o sersplole ofehe
*-I % AlZo]tLim et al., 2004; NIE, 2014; KFRI, 2014; Kim
and Lee, 2013; Kim et al., 2017). wahA 590Ut 104
Avge] AESIAQl At Bl Sl ARAEA  welol] ek ArIRUEPe) AREA 21 AlololA] B
2 45t Aol Anatural resources)ol iR A4 AE B 4 G SRAAE Aol 7] wske] A ofssl]
ok A7) Feh9 olal} 7|2 Ejolof Tk Aol Wel Q14 913 ZAFH A Auolu] A 7)o Fad AES

=)o 9tH(Gitzen et al., 2012; Sergeant et al., 2012). €]
Tali(ecocline) o] STHA] Q1 ofarit o] Abel 2 7] 9-w3}
9] A 9& FoFrdS 7HAal ¢)al(Kimmins, 2004; Tsuyama
et al., 2015; Mathys et al., 2017), £3| 7|ZH3I=Z 213t
of ATl AYEAle) Wi} opAkS Tlelaly] s 2l
2ol 712 2479 A3 A%Hel WuE o] ZubEjofof
SFcH(Lindner ef al., 2010; Pereira et al., 2010; Gitzen et
al., 2012; Kim et al., 2017).

7] BUE oA S A9 FardhH Ao digt A7]4
ol AR $YL vy FRT ey ATl A5
Ao} AL A doll AA =8l BEga Kol7] ufie]
ZUE Y A7 Agto] WHAslA] HtHBuitenwerf et al.,
2011). 1o whet A7 myE g o) A} =& sdzto|u
10¥7ke] AJZHo]7E HhAsHE ATk 1 7|7 oA

A|5-5FcHSnyman, 1998; Ludwig et al., 2005).

A Seluere] B mUE e 53 2712 A9ET
(ME, 2004; KFRI, 2014), 5}, A%k5A], dof &4+#
T YNEELl = A A Aule] AA 7] SwHste} v
HUE o] gsHA o] Fojx|aL glom, o] F ofalsttfjo
RES: 7158 Fokego] dg RUEE Qs
QITKNIE, 2014; KFRI, 2015; KFRI, 2016). 7| &H3} ok
SEe ghepl B ghilE of Al olR R|elo] BEstT
9] o m(Kong, 2002; Lee and Kim, 2007), ©]&5 A 4
2o Al 479k e HEhbAl QAT Saka e
al., 2005; Frankham et al., 2013). $-2|u2} oAl AH
oA AL 715 S} FofpEol ddshe
ZHEHUE, B o] #arstal gltk(Kong, 2006; Lee

et al., 2014).
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A4k oparabefol ot 2k sty AR Yun et
al.2011)& ABFE 275 53l ol gdes 2
3} a1, Oh et al(2000) FAUEINATE FH, Do et
al.(2012)2 7HEH U ARGt tfsll, Chung et
al.(1996) 334148 o] e Gy 2424, A
Ab 2|9 2 A Choo et al., 2009), HLE(An et al.,
2010), AIAA9(Cho et al., 2015), Htok2(Cho et al,
2016) o4 FAHRS} FHEHlRe] Aapz 9 A
Z EAo] g sk, Kim er al.(2012)2 AYA L
S JEFLZ, 183 Kim and Lee(2013)= GIS
FPure] AR B W] chs) Hat v 9ok et
oV717] 7|5 islel ok 50] o134 RUEY 2
35 vigo 2 e AT Rag Aolt. Haiy
B A7s A2 dojo] RES: 71T AT 5
FARE O sle] dolgte] TR A EolE
FsAl AT, e B2, S, A5
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=1
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1. ZAHX] W&

AEAre A1) HYPB(IIS m), A2 HIoH(1,733
m), AR 1507 m) O ofFojA glow], F w
© 43892 k0 ® WALV Ak, HepdE, AAdE
o A Glek. & 2AK S AefAL S Aetue o] &5t

(Shin and Kim, 1996), Al&A G20l A= HHoltolth
(Lee and Yim, 2002).

201533} 201730 22 3UFE 109 Afe] A]2]4te]
Hholg, A, e Yol =4 Lok T A
£ o= 201590f| 7] AA)E 5 36719 WP tollA] 2AL
= AAEFYtHTable 1). SjdtnE B2 W= 1,306-1,867
m, FAHEE 5-50°, =& 3-90%, APEES ThoFs|
Uepgit} A)m)ee mEZ 20-90%, TEZ 20-80%, ZE=
20-95%, 11 WOl WEZ= 517 m, $E= 13 m, 2B
0.4-1.5 mo]c}.

A Z A (Ellenberg, 1956; Braun-Blaunquet, 1964)0] w2}
BEn 2T 0 $UES 2Hels. Ee 7
AP A4 MYES A Sla) BT el LeR s
47 2 om v|gke] BE FAUE A48 gAoE of
A9 algE Uro] JHAIE AT A%
2 Garmin Montana 650GPS #AH|E AFESlo] A9 =
A3, AU, AUREE ZASIUAT, AAE, o2 5S
ABIAAT. THFE JELRI T ANPILBE
ZH(Hong et al., 1987), YA == (Lee, 2003), LAY E]
E2(Yun, 2016/ ol g3lsich ol shyat e 7}
AETAAGBAIA-IKES, 2010a)7 =7 REAE5S
(KFS, 2010b)2 #7349t}

Table 1. Major studied sites and biotic/abiotic environment characteristics in investigated area in Mt. Jiri.

Site
Banyabong Seseok Cheonhwanbong
No. plots 8 15 13
Altitude(m) 1,306-1,676 1,348-1,580 1,496-1,863
Cardinal direction NW-SW NE-SE-SW NE-NW-SW
Slope degree (°) 5-35 5-10 5-50
Bare rock (%) 5-50 5-80 5-90
Coverage (%) Tree 20-85 45-90 40-85
Shrub 30-60 20-80 15-75
Herb 25-95 20-95 40-95
Height (m) Tree 7.5-17 10-16 5-14
Shrub 1-3 2-3 1-3
Herb 0.4-0.8 0.4-1.5 0.4-0.6
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AFR] A2 20170 AXF HERALGE B AR 20 U JA

NARE 71202 FEPol £Aeh: BE Fo| At
T(Relative Coverage, RC), AtjHl=(Relative Frequency,
RF), At =(Relative Density, RD)E o|-&35}o] &9
% Q X (Importance value, IV)E A3} 0 H, o]7|A &
e WEZ(>5 m), THEZ(<3 m), 2EZH(LZI m) 7|&
o7 37 2 ARSI AT S8 A= SE T
A& FHolste] HAAHN-H X (Mean impotance value,
MIV)O] The 214 2 $418 ARjelich Ao b
HHS 2T 5 Al F by W A 5o BES
sl SHER FoF= A4x(Diversity index, H’), Z|hF
ChoF=(Max Diversity index, H'max), A %=(Evenness, I’),
LAL(1-I)E EA3%}9ti(Shannon and Weaver, 1949;
Brower and Zar, 1977). AU X4 7l A4 HEM= 2015
Wik 2017d9] 27 2AME AR E v O & o]F HlaLst
7] $Jsto] SA T2 R 3.4.3& o] &5kt FUTH
ol A 201533 2017d ol RARE 7 24 AA|4=2]
ARAARE AN AT AFREE whEchs AR
L 7)Z5ko] vjR4=A "9l Wilcoxon signed-rank testS
AAstlon, 214 pad, staEEE 2|4 T4 |

T TLrE
CRE LR s

-

At 3ok BEA] ANTE 24 Aa B2
A= I 7P A vEhsew, HE, g

U5 02 UERGTHTable 2). 28 & B ﬂﬁ%%
T 7P w2 SAXE Hola, A, Ry
. Sk, AR]85 el
2“1, HbE ofAMY AbgolA ATl Sdshe =
SAReE Autg UelsthPark ef al., 2009' Yun et al., 2011;
Han et al, 2016; Kim et al, 2017). 552 H& 4 g
#o] Fo27}F 7P =9k, A4t ofaibd] A g4tet
o] == 243l = % Fo|A Rhododedron spp.
o] A3t Ax} SAFSH 754—}93\11}(D0 et al., 2012; Cho et
al,, 2016). 2252 AAEY 23109 F22)7} wj$- #7
UefsRe), A7) ) et o) wi2A) Hasie 24
Calamagrostis spp.< 27]°] t-& N‘:’.J AL AAE
22| ola SA|7F FAEW 97EE (A, ox 24
a3k S8 99 59 48 GBS 7L Ao wnsg)
TH(Hogg and Victor, 1991; Victor et al., 1993). Z3it] 9]
AL Lee ef al.(2000)2 THEZo] A 22lt) Atj2o-H 2] 7}

110
o} Ho|Aalo] WS Fi Ao WAL, Park ef

O{H

Table 2. Importance value of major species for three layers in the whole area investigated in Mt. Jiri (based on

vegetation data 2017).

~ Species Layer MIV
(Scientific name/Korean name) Tree Shrub Herb

Abies koreana TFAE 32.14 5.84 1.92 18.34
Rhododendron schlippenbachii Az - 27.88 1.39 9.53
Acer pseudosieboldianum s e 7.73 5.64 0.88 5.89
Quercus mongolica Al 9.88 0.33 0.37 5.11
Pinus koraiensis AR 7.42 2.00 0.88 4.52
Acer komarovii AR 3.66 6.58 2.28 4.40
Fraxinus sieboldiana A EFY R 5.42 4.45 0.58 4.29
Betula ermanii AFA U 7.01 1.02 0.59 3.94
Picea jezoensis ZHE B 6.08 1.26 0.51 3.54
Rhododendron mucronulatum var. ciliatum g - 10.09 0.58 3.46
Tripterygium regelii i BRE - 8.90 2.62 3.40
Calamagrostis arundinacea AN E - - 17.99 3.00
Sorbus commixta 7= 4.20 1.68 0.66 2.77
Sasa borealis Z3 g - - 12.05 2.01

* 148 species omitted(MIP<2.0)
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al.2012) 239 2 v|of wet 55400 JFS Fedtee e P2 oR Tt A7 By g
P2l ARl frARRE AReldleh weEt 2 o] aksAl &ell 9915 AAste thE Fe] A et whet
Ao 237 wEA o Aol B g A sl sl = IRl Fell Hisl 2154
A e AR AbREIT ol EH ufeto] Algd Aoz A=l

9 F rEAsE Mw WSS 27} 57
o SUTEE ExA a2 ook 7} U uroﬁ 5357 2232 1,500 m ©]

ArHE B0 F ik} 1.—_74] Uehgdth spatney 29
|4 Z9E s a7k PR BAolAo] Ake} o] 1,500 mo|sHEE Z3ltfo)
=& 23AE UL R R, %%M%ﬂ TEZ FAAL S AFe Frhkzo] ke X AoR

AN Al TSI 22SONA AH, vgEr, = = U} Takahashi(1997)= Sasa spp.o| &F=7F 571
g 59 FLA47F =4 %E}‘;‘,\'Q(Table 3). &2 7|53} Slof| wa} Abies spp. W=7} 7445, Lee et al.(2000)=

Hoprgol Sgshs IS SAE 1600 m ol Esithe] WESL e Aole SrhekEsl v ekt
8 $AA7} B o2 dehidh 2ol A% e SAKAT, ol tel 209 B e

1600 mE JE0R 3 f0F o 4 Qon) 2] e 5o wee) ola Pusispl LEgel vt
F8A7F 7MY =2 1,300-1,400 m= % %Oﬂ i Sh3-A Ao A o] 2]y 9 *ﬁ”—o— 13l 5F32(Yamamoto,
FFE 7 A= Aer AlRE I ANES 23 Y ] 1993; Park et al.,, 2012), Hg50] F2A G Q7] wizoll
ol 27 A0 AAE TS AL S ) B el S A HE A Skt
e J7koA =8 2 X2 Vet vjdEsuRe] 4 1993; Narukawa and Yamamoto, 2002; Hong et al., 2008).

©1,700-1,800 m FolA FRA7} A ok, BZ 1700-1,800 mE 2EEe] Friokerl 71 7 UeRge
o B2V K A ek sl 2 el A o w8S grighwel Wi el 1w, 7 Fuslcimae
& u]2o] Wol W& £aA7} e XelolA] u|AZUE  change)ol T ALA ol o] Qi wekdisturbance)
o 2A7t AHEE Ao ARHoT. velEEel e Al U] ¥l BHS ohpE EL ApEE wAA7D

Table 3. Importance value of major species for three layers according to altitudinal gradient (based on vegetation

data 2017).
Altitude (m) Layer Species
ABKO PIJE RHSC TRRE SABO CAAR Others(157)

Tree 32.82 0.68 - - - - 66.51
1,300-1,400 Shrub 4.79 0.92 33.05 4.11 - - 57.13
Herb 0.34 - 1.70 1.70 32.78 7.77 63.49
Tree 30.79 - - - - - 69.21
1,400-1,500 Shrub 7.51 - 30.08 4.34 - - 58.08
Herb 2.15 - 0.72 2.10 23.06 18.04 71.97
Tree 38.52 5.96 - - - - 55.52
1,500-1,600 Shrub 5.77 - 27.26 9.61 - - 57.35
Herb 2.55 - 1.39 3.23 431 24.81 88.51
Tree 26.95 12.92 - - - - 60.13
1,600-1,700 Shrub 7.51 0.96 27.33 9.78 - - 54.43
Herb 3.24 1.19 1.61 2.03 - 26.71 91.94
Tree 21.12 25.92 - - - - 52.96
1,700-1,800 Shrub 3.65 1.82 11.45 28.68 - - 54.40
Herb 1.04 0.52 0.52 2.71 - 6.70 95.20
Tree 22.53 32.12 - - - - 45.35
>1,800 Shrub 3.28 7.32 27.46 8.58 - - 53.36
Herb 2.75 2.60 1.73 5.66 - 28.55 87.25

* Abies koreana(ABKO), Picea jezoensis(PIJE), Rhododendron schlippenbachii(RHSC), Tripterygium regelii(TRRE),
Sasa borealis(SABO), Calamagrostis arundinacea(CAAR)
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(Bergeron et al., 1998; Duguid et al., 2013; Singh et al.,
2017), < € SE(forest gap dynamics)= sly = 2
o] g ol 5ol wkol ofs) Ao} et
S(canopy layers)o| @ele] wa} ot FEof sl thAl
YA = 1 o]t Brokaw and Busing, 2000). o] w] &t}
G2 gk S 717 9 Ao o 295w (Ellum
et al., 2010; Duguid et al., 2013), 7]& & Fof 93t
ARG O Fol g3t FHE S7HE oIS
Elth(Kumar and Ram, 2005; Bolton and D’Amato, 2011).
wepA 2 SaE M= & & WAl 3t 22T
of et F o|dor FrFAo] & AR AREHS
ok 2 AFolA AAE ST ERE oy et HETHA
= Tt AT, Aol tigh Zh EokollAl
F7HQ HE 9 F3Edart 2o Ao wohE g

3. FYLIF X2 JHxZ Hat

A ZARE Yol S 2|4l High U ER] dat
20154 %0 hatg 1,250 X|4= 7HA|=7} WHAys}elat, 2017
W0l halh 970429] X|4= 7jA|4=7 Y = Yl ch(Figure 1).
Wilcoxon signed-rank test 34 23} 20150 =29} 2017H =
o] = AIG2] W= (o3t Zlo2 YeRGth(p<0.05).

A4 SR JhAlg HEF HRRS Al E i (Figure 2),
10 cm w|gke] 2|4 WHAPEES. 2015 0] 720 E/had] X]4
7} vhAEL T, 2017 0] 555 E/ha O & 22.9% 7hAsks
t}. 10 cm w|9Ee] 2|52 79 WA} 71 ol WAy
ot FAll e 7Y EWkth 10-30 cm 423152 2015
9 119 H/haolA 2017 115 E/hao@ 7HAe 3.4%,
30-50 cm 432 108 E/haolA] 99 H/haoZ 7hAS
8.9%, 50-100 cm =F2 133 E/haolA] 80 H/hao 2
ZHag 39.3%, 100 cm ©]AF 422132 97 E/haol|A] 43 2
/hal 2 55.1% 7HAskac) 10-30 cm, 30-50 cm 2132
o] A2 W 42101 50 cm o) 2|59 ZWAl4= WS}
£ AAX A (ingrowth)& kil TARE whet 7haE A
o2 gekE g

= E by E W (Figure 3), 1,300-1,400 mojA]
2015¢ 0] 998 E/hao] x]4=7} WAYEL AL, 2017 =0
390 H/hao @ 61.0% 7HAEFATE 1,400-1,500 m= 613
H/haoA] 362 E/hal 2 7HAE 41.0%, 1,500-1,600 m=
1,483 E/haollA] 1044 E/hal 2 29.6% 7HAsFATE 1,600
m ILE7RA] Fago] RopR|=t| Uil FRAolA
Z3e] F8A| E3 w7} FTRol| uheh Wox|= 7%
o] ItHTable 3). wetr] RS tfol] FFOE 2|49 AYHo]
W& ghop 7hadt Ao & wetE Q) 1,600-1,700 m=
1,562 H/haojlA] 2,332 Hhao g Z7}slgiey sfjutuned

1,600 A p<0.05

V=146.5
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Figure 1. Population changes of Abies koreana seedling
for two years from 2015 to 2017.
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Figure 2. Population changes of Abies koreana seedling
along height class for two years from 2015
to 2017.
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)

Figure 3. Population changes of Abies koreana seedling
along altitude class for two years from 2015
to 2017.

T2 AWAIA EW(Table 4), =TI} 2S04
AU SRAE 7MY w2 Aol ngEue A
7} ofskal =3ldi7F SdsHA| gkt T3k Aol BlaLa A
o A= o] X E ALz ARRE Sl 1,700-1,800 m
= 267 E/hao| A 175 E/hal 2 34.4% 7+4~514 1, 1,800
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Table 4. Species diversity index of Abies koreana community along altitudinal gradient (based on vegetation data 2017)

Altitude class

1,300-1,400 1,400-1,500 1,500-1,600 1,600-1,700 1,700-1,800 >1,800

Tree 1.644+0.085 1.752+0.027 1.287+0.157 1.135+0.156 1.062+0.274 1.658+0.101

H Shrub 0.917+0.180 0.788+0.255 1.083+0.140 1.430+0.120 1.385+0.212 1.539+0.082

Herb 0.986+0.261 0.920+0.323 1.426+0.179 1.212+0.228 2.470+0.247 1.410+0.135

Tree 2.013+0.077 2.077+0.04 1.619+0.164 1.396+0.178 1.330+0.232 2.013+0.067

Hmax' Shrub 1.683+0.144 1.796+0.169 1.985+0.117 2.170+0.062 2.233+0.036 2.239+0.160

Herb 2.333+0.403 2.489+0.299 2.97+0.105 3.051+0.082 3.483+0.063 2.827+0.119

Tree 0.815+0.022 0.845+0.018 0.800+0.045 0.818+0.051 0.779+0.078 0.823+0.023

J Shrub 0.535+0.102 0.404+0.111 0.534+0.048 0.660+0.052 0.624+0.103 0.689+0.013

Herb 0.345+0.085 0.339+0.115 0.471+0.047 0.394+0.07 0.707+0.059 0.498+0.027

Tree 0.186+0.022 0.156+0.018 0.201+0.045 0.183+0.051 0.222+0.078 0.178+0.023

1-J Shrub 0.466+0.102 0.597+0.111 0.467+0.048 0.341+0.052 0.377+0.103 0.312+0.013

Herb 0.531+0.103 0.662+0.115 0.530+0.047 0.607+0.070 0.294+0.059 0.503+0.027
mo o A= 3,350 haollA 1,600 haO 2 52.2% 4 of BERAS AASte] T BEA] S47) AEH
SHATE 1,800 m oo Ae] w2 fHadg v|Fojkol  OR o|FofX|il Qe o2 HIsHFIrKim and Lee,

H|S2E S Kol 1,300-1,400 m7kake] F24S
A EY, stFAS AASt= 2= UEhbA] ¢
ot E SaA7F WA e Qe 2AE d 3L
ok E3F AL A ds Aol Asshlo] e S
o] e g lemm, s AR BEES w4t
g wste)] wizkelA §-3-5HA HrthKong, 2002; Kimmins,
2004; Erschbamer et al., 2009; Tsuyama et al., 2015;
Mathys et al., 2017). Germino et al.(2002)-2 G+ A
o A2 Y A AAR] Q] Ao ihE 7] e HEE
& Gl HsiA A2 W i AEG AL JRFe 4,
Lenoir et al(2009)2 7| ZHSIZ Q13 7] A9 Hke
A% o FEkE ulA = alkoflA] A7t A
+ SHANE Ao s dido] ofglg Aor HSkth A7t
A AR AU X A 9l 31 Zpol = AR At
(natural process)®] UHF-QIZ] Ei= FATH S WO JoF
Ao sl o w2 AR d97F Bad Ao
2 AZEIa, 58] A4e] F24 skt ] L,
Bof L, SHx% s Sako] Alp o] Wit 3714
9 A7t Wad Ao BekE ek

== x
s 1F

AU B3 o] Zo] i8] GISE 7whe.® 3 ¢
I AT 7 3AR, A FE, QAT 58 3-43)

i

w

o ru
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.?_
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2013; Koo et al, 2016). 0] & A A} 7E Uulx o g Al=
ol ke 5o REEY FeAlE olggith o
G A SR E o232 FRseht s1aAe] et
A sjolsir] olele AAolth TEmE EAAY A4
Aol mUEYe o ofnat] Alle] AES sofals
Aol 8% Aow ARSI

Selute TS BEAL 2 debl, AL, 7}
oRik, Gl SElit & TR b HReE AlFko] 2
5}al QltHLee ef al., 2014; Yun, 2016). o|& | 2JAF A
U Bmx]o] AT R AR A(Cho ef al 2015
B2 TR, ol TR A5, BES TAY
=z, AYAZ(Kim e al, 2012)& 1,300 m 0|5}
A WBFolEE AZNIT, BEE A, 1400 m o4
o WEEoluEBE PAUE, BEE AF, MoR(Cho o
dl, 20162 BEF FBAGT, o8 E HE, B3 v]
AU, 223 AAE, Choo et al (2009)> A7 o]
A AET} SEelA TARFRIL Al A0 B s,
2 QoA TR e AT 1RE Y
UR BEE HE 2R3 ANED AYATED A
AaFol it

Y AR BEE ADATOA 1300 m o}
PRI SR BEEA 2A] WEt 7
(Lee et al., 2000), A|&JAF AEZ]L 1,300 mo|Ato] A
AR SekT L) olde] wet AE St
Urobx|w(Park ef al., 2006), Oh ef al.(2000)< X|g]AF EH
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A EAPEO A 3% 900 m, HAFHOA] 1,000 m o]
AL el AoR Basslr. 2 Aol ¢
TR FXHOR ulso] o} 57t Aol ofs) Pkt
]—r Akl W2 v gl A o g mrhe gt E3
2.7]9] 2207} b 1500 molal 71he: e
B0l We FUUE +A2 o 51544
Fofol ofet Ao BerEigon], njeERe £4
ﬂP A Y= 1,700-1,800 m 1ol A = 2l A
Aefste GEH SFoln, B RuEL e suEn
o % et Soue tekt £t AAEA0) ol Sl
A& o 4 Qgich e STEAE 4 WS B
™, 1,300-1,400 m, 1,400-1,500 m, 1,700-1,800 m -7}Foj|A]
A wAsro] A etk v ANEe] A9 Azxw
Aol o B, S B A, £ 42 Sl
e A9 RS FHA7 = 982 s (Hogg and
Victor, 1991), H2}] wjteof whe} X|4= WA} AJEo] G
2 n|X= AoR HuE Qi Matthew ef al., 2002). w2HA]
FE B 2% W3l fU1ES 5= HUEEs] A5 A%
o] IAe e & o FAAR A4 BT A=
Atz = SiTh

E

O:: Ol)" HH‘ —lE[
SO T
MH‘ oE m. o{N

ANE
2 AT ARYEYAYHENL) 7| st i AL
QA GFEA D A4S @) (ANTFE0L00-
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