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ABSTRACT

We established and monitored survey sites in seven regions of Mt. Jiri to investigate population decline and
change of the Korean fir (4bies koreana) over a ten-year period from 2009 to 2018. With the exception of one
site (Seseok), the six remaining ones all showed a four-layer stratification structure. The importance value of
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Korean firs in all of the survey areas decreased significantly by 28.5%, from 55.7% in 2009 to 39.8% in 2018.
The average population of objects with a diameter at breast height (DBH) of S5¢cm or more in all survey sites was
711 objects/ha in 2018, and the cumulative death rate from 2009 to 2018 was 10.8%. Among the death types,
DS (dead standing) was the most dominant, comprising 82.4% of the total survey area. However, in Banyabong
1, which had a high gradient of 35°, the death types other than DS accounted for 44.2%. We estimate that 4.
koreana can maintain a stable population as its distribution type for each diameter class in the

Saeseokpyeongjeon site showed a reverse-J shape. The average annual ring growth in all survey sites was 1.09

mm/year, with the most abundant growth observed in the Seseokpyeongjeon site, which was formed mainly by

a subtree layer. The growth ring survey showed the estimated average age of A. koreana population in the

Byeoksoryeong and Banyabong 1 sites to be 102 and 91 years, respectively, a general downward trend of vitality

since 2013.
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Figure 1. Climate diagram of the study area.
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Figure 2. Location map of the study sites in Jirisan National
Park (JS: Jeseokbong, JT: Jangteomok, SS:
Seseokpyeongjeon, YS: Youngsinbong, BS:
Byeoksoryeong, BY1: Banyabong 1, BY2:
Banyabong 2).
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Table 1. Site conditions and vegetation structure at the study sites in Jirisan National Park

Study sites JS JT SS YS BS BY1 BY2 Sum or mean
Quadrat installation 2009 2009 2009 2009 2009 2010 2010 -
Quadrat size (m?) 400 900 900 600 400 1600 1600 6400
Altimeter (m) 1739 1658 1590.0 1598 1345 1700 1595 1603.6
Aspect SW230 SE120 W254 W271 E98 NESO0 S163 SE06
Slope (°) 15 37 13 17 36 35 20 24.7
Rock exposure (%) 10-20 5-10 <5 70-80 60-70 5-10 <5 30-40
Crown cover (%) 87.6 74.2 85.5 82.6 80.1 71.3 37.5 74.1
Tree height (m) 10 13 - 12 15 12 13 12.5
Tree cover (%) 85 30 - 60 55 15 65 51.7
Subtree height (m) 6.5 7 8 7 6 5 6 6.5
Subtree cover (%) 30 25 85 40 30 20 20 35.7
Shrub height (m) 3 3 3.5 3.5 3 2.5 3 3.1
Shrub cover (%) 30 20 70 80 30 20 60 443
Herb height (m) 1 1.3 0.7 0.8 1.2 1 1 1.0
Herb cover (%) 85 95 10 70 90 95 90 76.4
Species richness 29 47 38 28 49 27 30 35.4

JS: Jeseokbong, JT: Jangteomok, SS: Seseokpyeongjeon, YS: Youngsinbong,

BS: Byeoksoryeong, BY1: Banyabong 1, BY2: Banyabong 2.
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Table 2. Change of importance value (%) of major species at the study sites in Jirisan National Park

Species Year JS JT SS YS BS BY1 BY2 Total

Abies  koreana 2009 40.2 53.7 77.1 84.9 41.9 374 54.5 55.7
2018 28.9 44.0 78.7 66.8 28.9 8.8 22.1 39.8

Pinus koraiensis 2009 15.5 5.8 3.9 0.8 2.7 17.3 223 9.8
2018 18.8 5.7 39 2.0 3.0 24.2 41.2 14.1

Betula ermanii 2009 16.6 14.4 13.6 1.4 - 2.4 2.0 7.2
2018 19.8 17.6 14.0 2.5 - 32 32 8.6

Quercus mongolica 2009 0.9 2.4 - 1.1 20.6 0.2 0.9 3.7
2018 1.1 1.6 - 2.4 26.4 0.4 1.8 4.8

Acer pseudosieboldianum 2009 - 2.8 - 5.6 4.0 9.4 24 3.5
2018 - 2.8 - 12.5 52 11.7 44 52

Picea jezoensis 2009 17.4 39 - 1.2 - - - 32
2018 20.7 6.2 - 2.8 - - - 4.2

Tilia amurensis 2009 - - - - 19.0 - - 2.7
2018 - - - - 25.9 - - 3.7

Rhododendron schlippenbachii 2009 8.2 0.6 - 24 1.9 1.1 4.4 2.7
2018 9.0 0.8 - 5.5 2.5 2.4 6.8 39

Taxus cuspidata 2009 - 4.5 - - - 14.2 - 2.7
2018 - 7.9 - - - 22.8 - 44

Acer komarovii 2009 - 2.1 - 0.8 - 10.6 0.8 2.0
2018 - 2.3 - 1.6 - 16.7 1.5 3.0

Fraxinus sieboldiana 2009 - 4.1 - 1.5 35 0.4 2.8 1.8
2018 - 4.5 - 33 3.5 0.6 43 23

Sorbus commixta 2009 - 3.8 - 0.3 1.4 23 1.9 1.4
2018 - 3.7 - 0.7 2.2 2.6 3.5 1.8

Crataegus maximowiczii 2009 - 0.5 - - - - 4.9 0.8
2018 - 0.7 - - - - 7.8 1.2

Carpinus cordata 2009 - - - - 5.0 - - 0.7
2018 - - - - 2.4 - - 0.3

Pinus densiflora 2009 - - 3.0 - - - 1.0 0.6
2018 - - 1.6 - - - - 0.2

Acer ukurunduense 2009 - 0.5 - - - 2.9 - 0.5
2018 - 0.7 - - - 34 - 0.6

Alnus hirsuta var. sibirica 2009 - - 1.7 - - - - 0.2
2018 - - 1.3 - - - - 0.2

Tripterygium regelii 2009 - - - - - 1.1 0.2 0.2
2018 - - - - - 2.0 0.4 0.3

Sorbus alnifolia 2009 1.2 - - - - - - 0.2
2018 1.1 - - - - - - 0.2

Euonymus macroptera 2009 - 1.0 - - - - - 0.1
2018 - 1.5 - - - - - 0.2

Salix caprea 2009 - - 0.7 - - - 0.3 0.1
2018 - - - - - - 0.5 0.1

Rhododendron mucro-nulatum 2009 - - - - - 0.7 - 0.1
var. ciliatum 2018 - - - - - 1.2 - 0.2
Symplocos chinensis 2009 - - - - - - 0.3 0.0

for. pilosa 2018 - - - - - - 0.5 0.1
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Species Year JS JT SS YS BS BY1 BY2 Total
Kalopanax septemlobus 2009 - - - - - - 0.4 0.1
2018 - - - - - - 0.8 0.1
Cornus controversa 2009 - - - - - - 0.4 0.1
2018 - - - - - - 0.8 0.1
Aralia elata 2009 - - - - - - 0.3 0.0
2018 - - - - - - - 0.0
Stewartia 2009 - - - - - - 0.2 0.0
pseudocamellina 2018 - - - - - - 0.4 0.1
Abies holophylla 2009 - - - - - - - -
2018 - - - - - 0.8 - 0.1

JS: Jeseokbong, JT: Jangteomok, SS: Seseokpyeongjeon, YS: Youngsinbong,

BS: Byeoksoryeong, BY1: Banyabong 1, BY2: Banyabong 2.
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Figure 3. Changes of the importance value of Abies koreana
population at the study sites in Jirisan National
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Table 3. Conditions of Abies koreana and other species population at the study sites in Jirisan National Park

Study sites

Parameter Year Mean
IS JT SS YS BS BY1 BY2
Average DBH 2009 157 19.1 9.8 13.8 24.5 16.9 19.2 17.0
(=5cm) 2018  16.6 17.1 12.1 13.2 15.3 10.1 13.8 13.5
Basal area 2009 183 213 6.7 40.6 21.8 14.0 23.5 20.9
(m2/ha) 2018  11.6 11.1 13.4 14.3 8.1 1.3 3.9 9.1
No. of alive trees 2009 725 588 733 2,422 350 481 688 855
(>5cm/ha) 2018 425 344 999 902 250 125 200 464
No. of dead trees 2009 - - - - - - - -
(>5cm/ha) 2018 300 288 0 1,570 200 363 514 462
Mortality 2009 - - - - - - - -
(%, >5cm) 2018 414 45.6 0.0 63.5 44.4 74.4 72.0 499
Parameter Year Study sites Mean
IS JT SS YS BS BY1 BY2
Average DBH 2009 147 13.5 6.9 8.5 10.6 13.5 14.0 11.7
(>5cm) 2018  15.6 13.4 7.4 9.1 11.0 13.3 14.3 12.7
Basal area 2009 273 14.1 2.0 4.6 13.9 21.2 16.6 14.2
(m2/ha) 2018 29.0 11.0 2.6 5.3 13.4 19.9 15.6 13.8
No. of alive trees 2009 1,050 677 222 518 1,075 825 681 721
(>5cm/ha) 2018 1,025 566 355 585 1,000 819 625 711
No. of dead trees 2009 - - - - - - - -
(>5cm/ha) 2018 25 143 11 17 175 150 78 86
Mortality 2009 - - - - - - - -
(%, >5cm) 2018 24 20.2 3.0 2.8 14.9 15.5 11.1 10.8

JS: Jeseokbong, JT: Jangteomok, SS: Seseokpyeongjeon, YS: Youngsinbong,
BS: Byeoksoryeong, BY1: Banyabong 1, BY2: Banyabong 2.

£ 200937} 20189] ZHzF 11.7cm} 12.7cm& thh 27}
3 Alejoln] FaughAAL 2018WE Zho] 20099 thH]
2.9% ZFA3E 13.8mYha® UEhydth o9} Zo] A7k
e T STt Etstal FardH A o] 7hAst
= ATE Ho|1l Q= AL A Ao QB 2 AfAE
O] ZukAQl FarA o] F7Fgole E4tstaL, AE L, vt
R 13} 2RAMEE FA R T & sk HAE
O] IAP} A e g = Uebg o =2x FadHa e 2
25 2% Ao FHET F127 Sem o] A
2ol e AR AA Hato] 20189 7117)H)/ha(355~
1,0257§ Al/ha)o] ™ 2009 EFE 2018WA7FA]| 9] =2 AR
a2 10.8%0|th. 53] HAFE7E B 22(35°~37°

) FElE, Mg, Hopgl RANRA Y] AR 149 Zof ol ke oz dibdoz A% o] S
~20.2%=A4] Bf 2ARESO] BIgtY] IAAIEO] B A 11 ZAM% (taperness) 7} 2713 HLee, 2001), vH=3F 29
o7 zAEL A el Bels B o|l4HAY UEE=

Figure 4= 2012d7¥| 2018 U714 Fa147% Sem o4 Heled AR s X3t EFgel AHT Al

o FARAAES

Fo AP ZF ZARRE JA

Ase] Ye-g B Rolth

TAIAZE Qe AAEARATE Alelet rix) 24}
FEo| A 201493} 201540] AH AR G244
271k A4S tehlgied, YoldlE Ady|E S3t ut
oFg elo49] AFAE AL o]n] 20134 71
AAEEe] 201418 B Afolol] ZANE A4 % 29.8%7} 1A}
3t Aoz zAHE H} QILHKNPRI 2017). 0|9} 7o) 2012
W WS 8% Eepdl(Bolaven)i} Ab(Sanba)e] GF]
FAT 1A 270l 27 7108 Aom B 4 o, A%
Home 270 gk} AgAe] £8o), Hdert 7}
=% Ao e Rejo) 49 E5Y 5 4E 7
A Aolof weh IA}F YA Hol S M), 4L

GpoEd 0] AR FoFd 4 el gl ol Istol
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Figure 4. Annual mortality of Abies koreana population at
the study sites in Jirisan National Park (JS:
Jeseokbong, JT: Jangteomok, SS: Seseokpyeongjeon,
YS: Youngsinbong, BS: Byeoksoryeong, BYI:
Banyabong 1, BY2: Banyabong 2).

——5 0T -k -5
—+—¥5 -=¥--B5 —e—BYl
—+ -BY2

Mortality (%)

2012 2013 2014 2015 2016 2017 2018
Study year

Figure 5. Annual mortality of other woody plants at the
study sites in Jirisan National Park (JS: Jeseokbong,
JT: Jangteomok, SS: Seseokpyeongjeon, YS:
Youngsinbong, BS: Byeoksoryeong, BYl:
Banyabong 1, BY2: Banyabong 2).

W RS A9l 7S5 2] a1 KFigure 5)&
e, B4, Blopg Ao RANLEOA FE YES
o, 0|5 ZANFLo|A AFF TARES 1.7%(0.3~3.2%) H<
2A] 671 FIIFRARO A ] ABTF AR 11.7%(5.6~
6.8%)%} BlaLsto] 1/7 o]stR wfg- e Afejolct.

3. FHLIFe| TAL 7

Figure 62 20125 € 2018\7tR] 1A 7RA1E =
FLAZ Sem OVE= TANES iAo R AR JAG
F= gk 1-lolth

ZAHA] AAE g eE g Al Aol A<= DS
9 &(Dead Standing, A4 TAH7} B 82.4%(42.9~
93.2%)= 7MY SAISHA Yebgt e, tho 2 DFR3
(Dead Fallen/Prone, 22 A A 11A}D) 12.2%, DB-5-3(Dead
Broken, &7|7} E&AA AP 3.3%, 12|11 DLGH
(Dead Leaning, 7|14 AP 2.1% &2 E3x3}ch
o1& & DBH32 20123} 2013 S4lo 82 =2 B
alal glor 2013 o) BER|S H9] DFRES A 2A}
71700l AA Zask GO Yeha gl 24} 717 5
53] 20125 E 20149714 £717}F f2iA]= DBR3, &
717} 710 A AY 224 JAFH= DLR-3, DF3 9 it
A} WFH R ol2ojxl 20124 HFH R 2 )3
= 2 Bepia Al odujg el Jao] 7]9lat v}
S} olefet W82 geblolA] ARIRe] Tk et
Song and Kim(2018)2] AA-Fol|A| %= 73et gt ALH &
MAAESS FFo= Qlsto] RYAA = 7HAI(DF)S F
7b Hlgo] 7HE = YEhaL lo] & 2ARR| 9] W82t
A AnE meck

ZAPE TARGROIA S TAPIAZE gl AlAA oS
A9Jstie A4m} oA A @] 79 DSFHo] 100.0%
o} 98.9%=A] hRES ZpAJSIAL Q= R WA R Sof| A
+ DS#%, DL+3, DF+%, DB+3ol| sfdshe ZAPIA
ol Bl 124 Easte] Yepgth 12l A EA
I} JhoRgA| 9 o] AREE|A = DS 2 EXdt=
7h&-tl| DF+%, DLG%, DB3& 50 A= 232~

EIDB HEDF ®EDL mOWDS

100 -
80 -
60 -
a0 -

20 4

Ratio of types of dead trees (%)

2012 2013 2014 2015 2016 2017 2018
Study year

Figure 6. Type of death of Abies koreana population at
the study sites in Jirisan National Park
(DB: Dead broken, DF: Dead fallen, DL: Dead
leaning, DS: Dead standing).
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Figure 7. Size-frequency distribution of Abies koreana
population at the study sites in Jirisan National
Park (JS: Jeseokbong, JT: Jangteomok, SS:
Seseokpyeongjeon, YS: Youngsinbong, BS:
Byeoksoryeong, BY1: Banyabong 1, BY2:
Banyabong 2).
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Figure 8. Changes of the size-frequency distribution of
Abies koreana population from 2009(2010) to
2018 at the study sites in Jirisan National Park.
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Figure 9. Changes of the size-frequency distribution of
other species population from 2009(2010) to
2018 at the study sites in Jirisan National Park.
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442% W)= Bxsleict sk RARK
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M

% PSR

M7 e WA, FEE, vopgAle 275 9 At
T 32° (20~37°) 24 DSG-Eo] TARS-E 0] 98.9% o] At
2 AXSI QU ANRT GABAY 2ATEY AR
AARE 16° (15~179)9] skl Arhao s oj$ 7hute
NS Holm glof @Ae] AAbo] ket TAao] Xjol
wol Aow ety TR Qe Hawt pels)
of Park ef al. (20200 WoRE, A%, AR Aelof]
WAEO] 2 25~35° W9l] AN WFREsE
202 B v} Gl o] AbRe] ZAAkEr} TAle] o]
A= e mAE aolow A4gstn grka Hojh

ETAZTE s B

7y AP S BE(20189) A= AREH o
F127 30cm o] FaTd o] 2AF ZHA|(=2em)<]
88.2~100% Q|2 thRES 2pA|staL glom AAE, &
B, HAg AR A= F147 30cm o]4e] B
= WAEC] 5.0~11.8% W= F& skl 9ty 53
Al BT}t JAalgzAREe] A= B2 JiAe Uert 7t
7+ 1,376704/ha2} 1,002 d/ha2A] EF ZAFLE ] 151
2.5~530] W2 VA HxE Ho|al QlckFigure 7). ©] 5
Al A AR FAURINA LS ZAAE 7Hedl &
9] YA §A] 7hsAdol 7MY w2 o T 530l 7R
2325 et Cho et al., 2015).

Figure 8- ZF Z AL A 2009(2010) €] 2018 o]
AA Wk U] Fud G BxE A e
olct. AA AR B Fi27 2~10cm HL|Q] 4750
AEE 40cm o)l A Ee 0|2 A F EEE Ho|

o gEz F47 20em o] o] ANEE Ao 3
sauol i AAe] Ayt oj4o] Hashs Ao et
o F147 2em ol4te] AASE Ao T ExolA
A7 group(FLAZ 2~100m S, FAE group(FL
27 10~30cm ), H4% group(F3227 30em ool

)

Gl JfAIS2] ExBl= 200920100 43.9%, 50.2%,
9%0f| A 2018 51.5%, 45.8%, 2.7%% Ztz+ vrebyir)
T12)a 2009(2010) the] 2018 =] 7+ AAFHE JfA|
4= HzolA, 53] tE 53} S5 group?] FHAFo| 77t
74.2%2} 49.6% 24 2275 group?] 35.0%¢°] H|Glo] ATy
Aoz =A eyt ol AR Qg A=
o S7FRQlo e EAtskal aato] o3k S0l A4
o2 o A WS 7 AR E 5 k. 53]
7|17} 231 o] & SRS MAdsE St A

9]
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Figure 10. Annual ring growth of Abies koreana population
at the study sites in Jirisan National Park (JS:
Jeseokbong, JT: Jangteomok, SS: Seseokpyeongjeon,
YS: Youngsinbong, BS: Byeoksoryeong, BY1:
Banyabong 1, BY2: Banyabong 2).

£, 44, Pime) 53 2 /RS W4l o
oz 279 Wrkt wiof g usjel] et Ao
o+ A QltiFigure 6, Foster, 1988; Lee, 2001; Jeon et
al., 2015; Son et al., 2016; Chun et al., 2019). $FH Fi17]
7 20m olafoll AFEHs RHE Are] REL 24 2]
of IE MMAEE A& TS A, F& AlAFHx
Abtol A=A vkt e AlAE GAEEANES] -
+ 1007 A|/ha o|H & v A Azt FixE Helck 1
L 20129 o] % 332 AL | U whE
JALeL AE| R of7|H k] SR HistE ¢lsto] A4
B FAlEEAE AT RAMEEA S FEeE A
O] Y} H2fo] F7ekl Sl A e ® UEhal gl o
off thet -8 F714Q1 Hek AR F5to] 3o AA
o o 7golrt.

716t F=9 FLA7 fE(Figure 9)ol A= 2ARIE
7+e) Zpol= ot A= FarA % 20cm ool a5t
v TadE WAEe] FE Exsta glow, Fii7
30cm o) tjA ol sigshs AT AlAlE, FE S,
HhoRg Ao RASOlA A5 st ik FalAlA
Sem olFe] AR Wi ASEI Aol 2kt

5 HEE 3l o~

Figure 102 PAR] AA7F w|d A% 2he Lehd 2o
2 ANEA, HAFY, dlopg2 JAMLE AlQstile diA2
20124 F= 20134 o] THE A2 E|Z 013} H|tjAyA o
s FAG 223 AAS Holal 9tk ZARE & AAo]
7 St e A AR G o2 A A 2.67mm/year
Fom 2013 Z A Kl o] A Tk A1 Koot

7k 20179 o]% thA| A 75 Elth ol= HIt 3717
AR o] 71717F eEEo] Bitie] it A
sflax5t7] lsf B9 Y1AIE o sto] A xRt At
o] Sl Zom Holn, 3ks ofof] theh H7k= HUEY
T3S E3jo] Bpelo] Bash HHolc), T Hopkl 2A|T
o] 7%, 2012 ©]%- 0.5mm/year ©JLj o] wl-- =2 AYfart
A B ST fle AI7IQ2015~2017)E & = =,
o= 2012l EjEo] ©J3h Blch AL BHE TR
E2a} 3}, Tela A5 w2 AR g 7]elgih
W AT A AR o o v o] Wt
2 1.09mm/year(0.84 ~1.39mm/year) = U EFT]H

Kim and Yoon(1991) 12|31 Park(1993)-& HlopE-x] o
A HhYA7|9F ARE] RS EE 27} 1.12mm/year
o} 0.78mmiyeare] QUIARES W1 vl Slow], AlH o
A FARE oo 3 ARAE 1 Sommyearst HopE
AJojo] via) AfHoR Fae RS Rols Zow A
v} QItH(Cho et al., 2015). A S8 Hopg2 Ao A
2UEY = a8z B2 0.82mm+0.35mm/year =
A Kim and Yoon(1991)2] Zjo] wlahel e grolL}
Park(1993)2] 2ZHHE AR SAR A3HE R

St RIS AEREAE S8 AR 7R
U= 27173 ~59) 58F9] 9] 3K (Park and Seo,
1999; Seo et al., 2017, KNPRI, 2018), 3} o5 529
PELA|(Park et al., 1998), 181 A 7| 2450 & 9l
T PEsw (Koo et al., 2001)3} WA BA T} Q=
Ao A4kt gtepitol A 22 2Abe E Qlok A4t
AlA B -3} roRgA| o]l EEdh= T2 %% 2000
W o]%o] AFATC] L olHe ARAAELol st
A 7ol A Y] Aol & Ae® Uek=tl(Cho
et al., 2015; Cho et al., 2016), o]= 7| EH3}o]| = XS
Hsle] Gt e AAE Aow FAHEL

Table 4= 7+ ZAPAJo] BEelaL Yz FAFEA22)
w2 selely) Sletel AT ARNe) ARS AHD
Axtolrt 2009(E+= 2010W)oll AFTE BAHHY Bt
UolHl 4= 52.371(24.6~72.37H) 2 YEon, of7]q]
401 1.2m 74219 48 717HeF 309)S Z9tshH Hat
Fole 0w AET ZAA RS H4A S o
4ol A] 2kt oF 55U 10290 % HAGt gk
& Holl 102 Uehgrt. 53] HAASE e 2AAo]
ulsto] AP 2] el K7l g v &
ol $A= F42) % A A5 = Bmaln Yol
714 BaFet ARS Kol 9l=t], Cho er al(2015, 2016)
O] A|Z4k At Hiopgof A o] AMIA . S5 AR

Aol A= A Yebdth
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Table 4. Age of Abies koreana population at the study sites in Jirisan National Park. Each value is given as mean + standard

deviation of mean

Study sites JS JT SS YS BS BY1 BY2
No. of samples 13 17 11 19 6 13 28
Height (m) 7.4+1.1 7.8+1.7 4.6+0.8 8.6+1.2 10.3£3.5 8.4+2.6 10.1£1.0
DBH (cm) 21.0+7.5 21.248.3 11.7£2.2 15.3+4.6 25.6+£13.8 19.8+7.8 20.1+4.3
Age of trees 51.6+15.4 57.4+20.0 24.6+6.0 47.549.0 72.3£20.0 60.5£11.7 52.6+8.5

JS: Jeseokbong, JT: Jangteomok, SS: Seseokpyeongjeon, YS: Youngsinbong,

BS: Byeoksoryeong, BY1: Banyabong 1, BY2: Banyabong 2.
6. TALIRO| B2

T A EQf aAL wRotE|H A AS50] 2
Aes B7F op7|91et o] Y{4KKim et al., 1994),
A2 AKKim et al., 1997), HetAHKim et al., 1998; Kim
et al., 2007) FAo|A AEEGoH, Qlut £7]9] M
=, AR, 2P| aAkek s QYA RS AR
TS S A= Frkste] Bagk vf ik 549
AL A= RS AE A S Hop 2 o|a Qb
Ao g wofstalz} shi= WA, olF HAd 4= 9=
cto 2 P4%o| Bl 7o R sH= JunsMeterl & A&
st} =4, HristAl =St

Figure 11-2 7} ALY 4UF7AES] 8% g
Aelgt Ao, NAHH, F4le, HAEHIRAE FolA
2014 A= 5471719 ol A& A w7F FeE Ao
of tfA = 20139 Hoff e gk Bl AlAEA, G4
5, HoRglal 2 AL oA 20139 o] % &5}
A7} oloj A e §lom e HT} HAY AN 57t
O] 55 Hol= AoE Ueylth 77 AN AAE ti4d
o2 3 Er PR 2013 92394 20144 88.0,

100
E2013 E2014 E2015 E2016

-

Vitality (%)
]
[=]
Bt ok,

=
K
&
55
024%
&

b

60 -+ 22
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Figure 11. Vitality of Abies koreana population at the study
sites in Jirisan National Park (JS: Jeseokbong,
JT: Jangteomok, SS: Seseokpyeongjeon, YS:
Youngsinbong, BS: Byeoksoryeong, BY1:
Banyabong 1, BY2: Banyabong 2).

201549 85.4, 121 2016 85.1% huksh 7k =47}
ojojA @il §lt}. 53] 2013\ o] F-FE| 2015E7HA] &
T 3o A AL olojAl= H4F AXF AAREC] 2A
SR FQANVYF L AT HYCEA U
= grol SBe) A% e AR g2 38 o
LS 3= Ao g HojZIth(Figures 2, 3; Chun ef al., 2019).
th @Ale] 279717)0] mhE Belw Bk Ank Qe
o) 9k g Ll szt thatkel Hol7} slol,
el & %S 7Hedhs SHAA ARE oldfsh=
dito] Wad Ao gesth s At 78 Aol
Al Aolle 7HA W s EY®E g o EE o] AL
Ak, 2AHE AU 2 90% ol4re] S S Bels
7} 3AI(AFol 40~60% H9)) olstmA o] of
Az Azat Aoz waE ul QthKERL 2016).

7. X|2[th FHLIFL| MSSEf OF

Aefabel A TGRS BES 2708 2719 A 2}
Bz 15~19Co] AA A FAlS0] Ajths gt
Y855 7153 “Aleat f857E FeiA v 9l
(Choi, 2010). ~gr7-of At WAL Y82 HYe& 5
MR 2 QT Bk, Alde, dstke, e Sol
A 2 olRojHon, JIret sAlRde HIUTE T

% ool F=2 A3kl glon WMot golgle ARES]
Aol whet 12~1/3 9} 2 go] Fxstal glrkal 7153}
ATk 919k o] oF 200~5501d Aofl 71=H A 2|4k of
A A BEE AFo A2t A Hgd A=
AR AR & 5 ou 20~21CE AXHA HA, =
W, 2|3 ystel 2 19l gFe s Aol Fk
Eof it

A A2akol A 837 ofalal S AAISHL Q=
TEUTE A ERAE 2] o] SRS} nEETEA]
2 R AR OA AR EQL dAtR 2 et
T3] 7HAastal gl AR 9lom(Kim and Lee, 2013;

i
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KNPRI, 2018), Z]2JAFA] ¥ 9] 79~ A 104 5QH2009~
2018) Y XAMLE AAste] RUEY H HAAUFAAE
% 49.9%09] j#|(> DBH 5cm)S0] TAMSHITKTable 3).
FARe) nAe} AR EacloRE B 7 e
BOF 42 Hao] o3t 4E4A] BaE(Park and Seo,
1999; Oh et al., 2000; Koo et al., 2001; Oh et al., 2001;
Lim et al., 2006; Seo et al., 2019a)S A0 7 7}E1}
B &(Kim et al., 2019; Seo et al., 2019a; Seo et al., 2019b)
of o3t FgFo] & HuEirt. o] F AFAY A At
£ EWE 3 o AR EY Hee Fr 24 ¢
SHA|9] R B oE UEhgon, o= A4 % =
A 7120) s el 71903 Ao g FA o] ghrh(Park
et al., 1998; Park and Seo, 1999; Koo et al., 2001; KNPRI,
2018). Tejut Z FebaolA] PALERS] SIS 7
935 Z719F FUF e FOR AT B S8 Fefekn
she 7129 AT Uh8ET tha vkl Aze 23t
2171551 Qloi(Ahn e al., 2019), FARFT] A4 =lo}
TAlell RER} AAFA] et ekt folEo] Bt
Moz e A ez & & gk

20124 Bageh B Hepilah Al B3k 99
Hol A elufete] 2 FFS v AT HEoEA
A ikl Al HFUFANAIES] A, S AE, o i F
Z/09] W3}, Fex 5 A HejHor o] 29 FH
of & Wsks stz 2= YEFHITHSong and Kim,
2018). 53] w32 At FolA =07t =il £719] AH
H|o] ko] & QA 59 971 71 &7|17F =& 7N
A, WR7F FoEo] B4 st SAE S5 A
52 HE SR H$ol o] YA =EEAY 7]
7 AtEo] = | Yol dAsk= A Al gsiE A
EltK(Foster, 1988; Lee, 2001; Jeon et al., 2015; Son et
al., 2016; Chun et al., 2019). 1 €] A& A& 37}
Al BFE(EA~E=ANY Gl s B 7A = EH
Aegl Be7} 7 Foll FoRet JFs WAL, o3t 7t
A|9] geto] =2 AHoA Y-S 2 o ASFel o
Folu edE, 12jal thekshA Mg RO E Mo 4=
THerown)& F8HL YAV B 7H(trunk) 9 714
of WA &S A7 Bk 53] Al =R
AL ol 39 MAEe] 2 BEE= A
A Ho g JFAELS AA AFSH=(Standing dead, SD) &
Fo| thE= AkAJstaL Qltk(Figure 5). ol= EAEd
o] Forgk el A A2 zhE o R Aggt B
5ol o] Fof AR & AL, A oflvA] 35 FFE
gk opu et gk AgHdol dast A S4549 7%
2 of7|35HA EH(Lee, 2001; Lim ef al., 2006; Jang et al.,
2014; KNPRI, 2018), A2} 249 7|&A<50 2 213t

$E 2] B3 (Park and Seo, 1999; Oh et al., 2000; Koo
et al., 2001; Oh et al., 2001; Lim et al., 2006; Seo et
al., 2019a; Seo et al., 2019b)o]] W= XA E|o] 7]l
Ao A,

o, AAT L) PR 2ol B 50d Yol
e Aol [sfo] Aol o9 Bhker 2ol Sl
= RO g H|tjAR o] AW 2.67Tmm/year® F/J7E HO|
7 2009 thH] 2018 @& FH/FUHTEO] FRA(IV)+= B £
ARAIEOl Hlsto] FUsHAl F7FskeiTh 12]al 30em o)A
o] tf=o] gl Aol AT FAAE gie] o Ja}
o] §8S Ho|T Qo] ZAXE F 2ee] 454 37
7} Hlad Qb HoR AgE 4 o ZATE BrhED
QItKTable 2, Figures 6, 9, Cho et al., 2015). @A A%
HEATE AlolE o ZAFEE ofe] a%10] ofgt 4%
sjo} Ak 22 U o] $wsh stere v, 4l
U, S, A2, gL, R Sel
F0 AAREEE) SURE F718 Qo] 22l Wi}
v w2 w27 AP 9l A4 olth(Kim et al., 2018;
Song and Kim, 2018). o]o]l AL A e] Wz} Tl
2 opgt tzkwe] Zulsh welsolof shod, 18 Zwo|
A A AA G gt At 3 RIS B
Zi BYUS 93 7| 2ARY Al SHAA F8% oulE
ZHAIAL QIekal AYZHE .

aAe| =2

B ATE AR YTY ARy 2 =Y
9 7|5 e mUE A0 4R A he
QIUTh 2} Foloh el =S 4 WA, wZE, o)
71, ol 94, oL, olahAl, A8, FA, AAE A
ol, HA%, FEGY Tel3 FYTAATAT Ae)aEg
FUARLS] BAREEA Zol A=Yk
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