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o Zylsli ofAke neon, A4S (saet A7) Wt simple block distancer® 24~32m +
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dependent)sil A 444 F2& $A%e Aoz A4Eq, 44 AL g T A U~
2mel 4 AAY 5 9sich, B A7 A $AAUREE 3 AAe] dAL HA4g 3Tm o)t A
& gojo} nigaAlg Ao A

ABSTRACT

Genetic differentiation of populations is resulted from the environmental and the genetic effects, and
the interactions between them. Whereas, the major factors influencing to the genetic differentiation
within populations are the gene flow induced by seed or pollen dispersial, the microsite heterogeneity,
and the density-dependent distribution of individuals. For the purpese of studying spatial genetic
structure and the distribution pattern of Korean pines(Pinus koraiensis), we set up one 100% 100m’ plot at
a Korean pine stand in Quercus mongolica community on Mt, Jumbeng in Korea. To estimate the
coefficient of spatial autocorrelation as Moran's index and an analogue, simple bleck distance, isozyme
markers were analyzed in 325 Korean pines. For 11 polymorphic loci observed in 9 enzyme systems, the
average percentage of polymorphic loci, the observed and expected heterozygocity were 72.2%, 0.200,
and 0.251, respectively. It was revealed the excess of homozygotes was observed in the plot, which
suggests that there may be more number of consanguineous trees than expected. On the basis of isozyme
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genotypes observed in this study, 325 trees were classified into 147 groups in which the maximum
number of trees for one group was 34, From the distance class of 24~32m, the genetic heterogeneity
began to increase. The variation of simple block distance against the growth performance by tree height
and diameter also showed the same trend at 24 ~32m class. According to high fixation index(F=0.204),
the spatial genetic structure within a stand, the analysis of the growth performance, and the distribution
patterns of identical genotypes, we inferred that the genetic structure of a Korean pine stand in: Mt,
Jumbong has been maintained rather density-dependent mechanism than the gene flow, such as the
pollen dispersial or the heavy input of seeds following the forest gaps. The genetic patchy size was
determined between 24~32m, which suggests that the selection of individuals for the exr situ
conservation of Korean pine in Mt. Jumbong may be desirable to be made with the spatial distance over

37 meters between trees,

Key words : Pinus koraiensis, spatial genetic structure, isozyme, genetic patch
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%7 Fll(environmental cline)e Nl EA42 &
EgH4oR £¥E % dod, A4 AAdE o
E AL #A £3)7] diFd d8o {44
THE =8 g A0 A Fxoabd] W
AR7t 2¥=Ey $39 f-d9 AgAde o 4
ol v]% A74Y 5 i (Epperson, 1993). ¢
R R (spatial genetic structure)
FAE A8 AHAH 25 a6 o8 fHA
EAe W AR Aot Fxog $3
sledl, MY TR wE AT A
o}l REHR IV Fxlel FE Rk A% #
A} ##(gene dispersial), RFTERN Held w
£ AT E 3 (microenvironmental selection) 5 %
A e gk EAE ohiEl xEael AgA
AT AN EE AGeyd o)=r7r] &
W AEE AT 5 drHEpperson, 1992).

FHA FAHFZEN e E3] e goHEN
(spatial autocorrelation) #r#ie] Alg-#&dl, ol
W #73 7elg ddshe Az A Wil
wE Ay —HEE AR 7] &8l
T8tste FA 9 2 2(Sokal and Oden, 1978),
Fagus sylvatica Q¥E ¥ 44 A=
(genetic distance)st #1214 Ao 3t AraA]
7(Degen and Scholz, 1998)F Bl#s8l, Pinus
banksiana(Xie and Knowles, 1991)¢} Acer
saccharuwm{Perry and Knowles, 1991), Camellia
japonica(E¥}5; Ueno 5 200008 J ¥ £4
2 FdA 24 2 Pinus pumila(Tani %, 1998)

o} Quercus chrysolepistMontalvo 5, 1997), Rhus
javanical¥+5-; Chung %, 2000094 2&9
#7{clonality) ¥4 % Age FATE $4q
gk chekt H-go] o]foxm girHEpperson and
Allard, 1989). =¥ 271AREHL faigheg
otel Tkt FEi kel ¥Esle FAAbY A
B BAohvt A EA g d 75 dr] &
olar slci(Bjdmstad %, 1999; Hof ¥, 1996;
Reed and Burkhart, 1985).

A (Pinus - koraiensis)x 19994 €30 x
5,812ha7} Z¥=Ee] $elvlel AA =YdAe
26.6%\F AA| gl AEA Y FZYSZOBA(YY
A4, 2000), IEE ¥IRE B, T A
o} Amure} Maritime M50l #E3t0, $elvie}
oAlA o] Kb dotate|v}) eufil, ®
2]Ak % vy BilAe] Al gy Ay
FE%Ee Bitkken ¥xstn glckLim, 1989,
FHEAE o] 4% ™l B AN 2 F(Fsr
=(),038)+} 3 E(Fsr=0.035)0 ®]&te] Ar}F-2
AT A EErl oz A Ao vehyte
w(Fsr=0.059), $2ve}l 35 Agtels £3
HAGA wge] B Aoz RadgdeiKim =,
1994b), Avt¥o] FAAId B EH) sl Kim 5
(1994a)e] Baigk »} slov}, HEEKS ABK
gk ARt o1& W Ao EzbH Zr)el g
FAME o] FoR] 7] okgtr),

E dFe FE4 A g HA el ol
9] #xlo B FoEs: FAHAAY dANEE 3}
71wy o8 gAsn, shs AL Fxd
B Fehl R EE gAY Bk AN
F& 9% B#%2 =27](genetic patchy size)E£
ot Al =8 H i),
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Figure 1. Location of total 325 Pinus kovaiensis
individuals in the 100 % 100m® plot, Thirty -
four individuals indicating the filled
circles have shown one identical genotype
over 11 isozyme loci.
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1983; Kim %, 1994b).
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1. B4R g figy

€ A9 2R HEA AZRTTee] A
WP 8 e g sded, 2ATNAE &
337 4%l #xstgdri(Appendix 1), %3 8m
o]4te] WEZols AldFe A, FkF %
o] $HFolglon, olAMEE($IT 2—-8m)olE
FHE, A, gAud, AR, oz #E5&
(F3 2m o|3)oll &= AZ3} A}y, FIE, 71
AR So] $--Elm e}, oY BEE A
BAkel AlZhR T - RTRREE e dukHlal
TF TAHLE B 4 drhlee ¥, 1992). A}H
= 4 2944 %2 28 A (importance value)&
veta glalend, A 32570 A9 3 }EE 8m
o1 4ol WEL 4% dldde 130 ABelgle,
8% #FFl ddslgdci(Table 1), 223t =
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Table 1. The number of individuals belong to three crown layers and the importance value (IV) of

Pinus kovaiensis at ‘the studied site in Mt, Jumbong.

. Crown layer
Traits Total
Tree Subtree Shrub
No. of indivi. 13 (4.0%) 58 (17.8%) 254 (78.2%) 325 (100%)
IV (%) 14.6 8.8 12.2 -

A7) s 1,000mel 7b7k-g A el g
Ago] HuiA AtFe £33 ImallA £8& 20
~30d AFsle AA 7T AEOR Azt
o (Figure 2, Table 2), #AFFW 1m o]4tg] 3k
U2 1660 AGL.1%) HAsiovl, HA 8
detd 4 glgdch,

ZAEY AR 32570 A2l Q1A A Az 37 A
g 2.0m dod, £ AMRE & olFE AL
(52,6504 A Az FFA el 43.5m, 28a
4% "l doizl F Az Hele 123mE &4
#2iti(Table 2). A3 8% sidsle 254
AA7} a7t F& FEE dFstz, olEol
ZAFFU 254 §4" A9el AFEEE RO
3 ol+=Hl(aggregation index=0,734, 5% #& 5
FollA BAAH o4 9A), ol F FEH AF
FEE AT Tl ARER S At
U ohsta] o] EEe 95l o)l EX I mirs
A g Ao 1 AAHAA hpe] At BA
& E214 3 Ao v Hutchins 5, 199%6), €%
(forest gap)9] dAo) g £3e] HFH 2
g odgo v Aztgci(Ishikawa and Ito, 1989),

2. BLRe FEH Oy
AEAk At 325 Al A 9N EHELS F
HollA 1570 fAFF 144 chdde nyle

oy, Ha FEANHFHAE 1R 3522711
t} gkowi(Table 3), ©h8A H4dxlsH-8-2 72.7%
(#2423 5%)2 AT Adat AHP=69.6%;
Kim %, 1994bjelvt A= #-aF(P=69.0%)8.c}
o), Rejat WEE AA(P=73.9%)
o 3 Ao g Jelydtl, Mdh-2E A% 2
E frAxatel 4 Hardy-Weinberg 3 849 & 8l
il gl Ao Jelgeo, Mdr-19 Pgi %4
Aol e o HAHYA Aol Bylov, daE
o)A Ae] #&¥ (0,202 Hardy-Weinberg
F32AHe=0.25D4 1¥AgH IJH¥d&
BetHTable 3), T2l 7| Hu]-8-& vehli=
fAA3e) 7445 (Fixation index; F=0.204)&
Kim 5(1994b)e]l Bug sh}F 87 Hxte] o1y
AYE 42 (Ho=0,200, He=0.201, F=0.038
o} wlamsbe] w-$ =A vebget, ¥ e g
At Hal ¥ EL TAASE g ALE
H|E£g A7z B T2RAHR, F A9
of MAZ TAnuiel $AE FAwj4FLE AF
AR A 7l dor Qe
(Hamrick 5, 1992). =% Kim %(1994b)2 3t
7t 3878 Bor § A8 3 (sampling
strategy)& #H{dl wbeted B 4] A8 A
9] Jyuhg T 9EE oz AAH
off Alvte} 23 &g o] FAFA A (Wahlund

Table 2. Some growth performances and the characteristics of the distribution of 325 individuals at
Pinus koraiensis stand in Mt. Jumbong. (SE = standard error)

Traits Height DBH! Age Distance Pair distance®
(m) (cm) (year) (m) {(m)
Average 1.54 3.94 7.0 1.97 43.5
SE 3.16 5.81 11.9 1.31 22.0
Range 0.1~21.0 1.0~37.0 3~97 0.4~9.0 0.4~122.8

! DBH(diameter at breath height) were measured on 148 individuals,

% Average distance between the nearest with 325 individuals,

3 Average distance with all possible combinations between 325 individuals as 52,650 pairs.
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Table 3. Genetic variation for 11 polymorphic isozyme loci of Pinus koraiensis in Mt. Jumbong. n.
and #n. are the actual and the effective number of alleles, and Ho and He are the observed
and the expected heterozygosity, respectively. F is the. fixation index(Nei 1987). Exact
probability test for Hardy-Weinberg equilibrium is conducted at significance level of 1%.

Locus na ne Ho He F
Gdh-1 2 1.05 0.019 0.048 0.615
Got-1 2 1.14 0.089 0.124 0.278
Idh-1 2 1.09 0.065 0.085 0.242
Lap-1 2 1.25 0.154 0.197 0.219
Lap-2 2 1.16 0.071 0.139 0.492
Mdnr-1 3 2,92 0.960 0.657 -0.461
Mdh-2 2 1.03 0.034 0.033 -0.015™°
Mnr-1 2 1.64 0.074 0.389 0.810
Pgi-1 3 1.81 0.545 0.447 -0.219
Pgm-1 2 1.94 0.114 0.485 0.766
Skdh-1 3 1.19 0.077 0.160 0.518
Average 2.21 1.47 0.200 0.251 0.204
NS .

A3/ A REE QIS 9 o, AT
30m olAte] Ael(Kim 5, 1994b) & #H$3 £ &
AR el 4] 16709] oA BE ZA st #4882
Mo M E mA Ao FFS 0.161 (SE =0.075)
2 vehta, Kim 5(01994b)3 vizs 8 o &
A 9] & ol g AH T Wahlund AFH b
odFg shtge dmme} Faldsl el of
HA A Fae FHUdeg Az},

3. 3R BN RETE
1) ¥434 3R AN 2

ZAFFY AR 325 A E 1 B9 AL A
Al (e)l B oz 5 FAAE e = 629,8567
2ol thate] & 14771219 441318 (genotype)
2 FEEHAEd, 544 ojate] FUT FHxY
of £3=+ A$E 157F4, 10744 o3l A%
E 7R FAR A veded, ¢ e f3
213l 2z 344 A7F 2=k (Figure 1). 574
A ol e =¥ 1670 FAAH 4TS
e 37 1.6lm(SE=2.88)3 W4 0.2~2lm A}
oo ¥zt alelA 32570 AAle 3 £E
(Table 2)¢} wl$3t A ez gles, 10
A o)Ay 474A FAAHEIAA, dF 3=
1.98; SE=3.61)AM= zol7} glsdel. 32
+39 AR/ 7|22 (Figure 2), colekd 2
o] FxE bR Azl AAA gle AL

: non significance on Hardy-Weinberg equilibrium, but others are not,

gk, ol fAHAY Y Fu(Ee %)
FEMAE S48 44 A& 23 e F41
A Al % ¥A4F AF AT & Fel
Fri712 Atebe Ay Eabe] Au5A ¢ 7918
71Rrhe, o2 Aol ZAA FATF A Gl W
Alshe AAEZ] T aol o s A4as Fx)
A&A o FFEH2 e Aog e}, a8
oAl g A ¢ AT 114 B4 2 &
Azl A g AN FUYE ALY epd
e e 2AEL 29 HATE HAe] o] Feinl
AE4te] Aseh AL e RYos FL A
oA F7H fATEE dddtedles FHEL ¥
Aol Wy o g th vF3ict 475, B

ot AU DNA #Aje] 28 7o AzEc),
year or cm
100 mage | o
! v =3.745¢ +18.719)  °©
TR
60 y = 1,743 +0.624/
40 oqd Lmoss |

0 5 10 15 20 m
Figure 2. Correlation between tree age(Age), diameter

(Dia) and height (Ht) of Pinus koraiensis
at the studied site in Mt. Jumbong,
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2) TR ¥45 Fe A 4/4

78| ARG EAdAE ARz A=
7t 7 (distance interval)® ZAgo e xHr} H
4 ARE HEY 4 9+=vl(Epperson, 1993),
B dFelMe A=A 2, 5, SmelA zHzh B4
€ 3hdrh, ZAFFW 3257046 g 11 B9 A
& FAAHE ol 4T T Apr|AFHA A A
21 7tA SmE £A4 3 A$ 25m oA A= 44
22 frARE A BEErl 25~30m T3
(distance class)® 30~35m FztelAle zbzt o
2] ¥-¥ (random distribution)& &+sd o= (41377}
95%), 35m o|4e] A el(spatial distance)el*l& &
Ao olAAQl AMAz e AL o) FUcHFigure
3). Aelztd SmelA e 24~32m ke MH LR
A REMe A Frhslg e, 40m7a]s
5 NAZE Aol b sle] A FAdAe) Fd
3}A 4}2(monotonic decline)dh= 7 &8 viely) e
™, L o] %ol a7 o] Fa= ok (Figure 5).

Moran's [

IR S gme g s e

........................... .wﬂy 125

Distance (m)

Figure 3. Correlogram of 11 isozyme loci, which

distance classes have each 5 meters
intervals at Pinus koraiensis stand in
Mt. Jumbong. There are the solid line
indicating the value of Moran's index,
the scratched line indicating absence of
spatial ‘auto-correlation at Moran's I of
~0,003L, and two dotted lines indicating
the upper and the lower confidence
interval of 95% at 1,000 permutations,
respectively.

Table 4. Coefficients of spatial autocorrelation as Moran's index for eleven isozyme loci at Pinus
koraiensis stand in Mt. Jumbong. The bold letters in shading cells mean the value above
its indicating absence of spatial autocorrelation as -0.003.

Distance class (unit: m)

Lap-1 0.097* | 0.045* | 0.011 | 0.009"

Lap-2 0.075*

-0.010

0.031*

24~32 | 32~40 | 40~48 | 48~56 | 56~64 | 64~72 | 72~80
-0.615 | 0.009 |-0.006 |-0.002 | 0.004 | 0.025" | -0.039*
-0.045" {-0,018 | 0.018* |-0.003 |-0.001 |-0.032 |-0.003
~0.012 -0.028* |-0.024" | 0.028" | 0.012 |-0.011

-0.023 -|-0.008 |-0.025" {-0.027* | -0.039*

-0.007

-0.015 |-0.011 [-0.030*| 0.007 |-0.014

Mdh-1 0.149* | 0.094°

8 -0.019°

-0.021* | -0.043* | -0.035* | -0.032* | -0.029

Mdh-2 0.439* | 0.198*

-0.049"

-0.051* | -0.057" |-0.029* | -0.049* | -0.050*

Mnr-1 ~0.003 | 0.019*

-0.015

-0.005 |-0.016 |-0.024*| 0.006 | 0.030"

Pgi-1 0.101* | 0.079* | 0.037" |

-0.022"

=0.040" | -0.012 | 0.025* | -0.032* | -0.027*

Pgm-1 0.619* | 0.405* | 0.204"

i

-0.066*

=0.097" | -0.174* | -0.114* | -0.187* | -0.160*

i

0.015*

0.000 |-0.001 |-0.024*-0.017 |-0.010

Skdn-1 | 0.045* | 08 -0.021° [-0.012
Average |0.223* | 0.134" | 0.065°

-0.036" | -0.059" | -0.043" | -0.060" | -0.048"

significance of confidence interval at 90% from 1,000 permutation
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A 8mE #A% A4 A=lo W& Moran
9} I8l s34l (correlogram)2 A7| AR A o]
e de izl g F(Moran's I=-0.003D)&
W] AR g WE-Fe] Al 16m Ag o]
Well A 1" oAl £r1E el Gdh-1,
Got-1, Idh-1, Mnr-1. Skdh-1 % 571 A3
A& AFAle] -0.0031%3% 3~53 Ax mA}
3= 8 E(fluctvation)& Yiebyon, 24~32m
T AFelM F ogre]l mAsle Lap-1, Mdh-1,
Mdh-2, Pgm-18] 4 32t 414 FHA
o] FAd& 48 ngen], Lap-29 Pgi-I'= 7}
7t T0ms} 50m A7) HFollA o3 8.%5-& wgich
(Table 4). &3] Pgm-12) A7 4932 1174 59
A At dig FEge] W ¥ A
E(r=0.80)F veiiA, A4 3T Bl
A FAARE o] 43 FAH T =] A
28 Zleg gsich, 80m o) Foll= Morang)
IS EAA e A4 e 858 bl &,
ol#]qk #A-2 A=zt 8me] 107 F-7tef i
it TR =57 4,869%% <9 vlsle] 80m olabe
Tt e =] F2(0100m ool 5007)
ol3h o & gk EAH 232 Frle)k vlEe] B4
o o]4% FAA}(marker; ¥ d79 A% FHE1L
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FHzkE) e fAE B webd Fake] ArAba
Aella] Jubd oz whAlg 5 gle sfaba g HlEe
2 A9y 4 9lciSokal and Wartenberg, 1983).

0.3

Moran's [

0.3

Distance {(m)

Figure 4. Carrelogram of 11 isozyme loci, which
distance classes have each 2 meters
intervals at Pinus kovaiensis stand in Mt
Jumbong. The right line is indicating the
linear regression which eguation is vy =
-0.0114y +0.292 and R® is 0.886, and
other lines are the same as Figure 3.

3) $H9E% ¥4 AR EA
AezbA 8mellA FHEAL 1170 2Rk F ] o)
3t Moran®] I3 4A8A(past 274 dig
simple block distance(Degen 2000} 24~32m

Table 5. Coefficients of spatial autocorrelation for the isozymes and the quantitative traits at a Pinwus
koraiensis stand in Mt, Jumbong. SB and CI mean the simple block distance and the
coefficient at the confidence interval of 95% from 1,000 permutation, respectively,

Coefficient Moran's I of isozymes SB distance of quantitative traits
Distance class Lower CI Observed Upper CI | Lower CI Observed Upper CI
0~ 8m -0.0209 0.2234° 0.0192 0.5359 0.4757* 0.8034
8~ 16 -0.0164 0.1338* 0.0083 0.5310 0.4910* 0.7889
16 ~ 24 -0.0133 0.0646* 0.0067 0.5897 0.5341* 0.7349
24 ~ 32 -0.0130 0.0038 0.0060 0.5597 0.6093 0.7350
32~ 40 -0.0131 -0.0257* 0.0057 0.5900 0.5410* 0.729
40 ~ 48 -0.0129 -0.0362* 0.0060 0.6211 0.6293 0.7181
48 ~ 56 -0.0134 -0.0389* 0.0065 0.6167 0.6773 0.7154
56 ~ 64 -0.0137 -0.0430* 0.0086 0.5854 0.7494* 0.7366
64 ~ 72 -0.0161 -0.0600* 0.0092 0.5355 0.7961* 0.7817
72 ~ 80 -0.0187 -0.0485" 0.0111 0.4656 0.9337* 0.8458
Absence of -0.0031 0.6662

* : significance of confidence interval at 95%,
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FZh A BE Qe EE YeblEd, ZmE &
Hal= Ao EHAESE A} o]A A el BE
A& Belm, WAL 90% AlsgFkeiA 40m
ol FrlAME YO EEE Holrhrl T2m o] Fol
= Azt Aol Azl Fol AYAE F
HEE A& el ok (Table 4, Figure 5), 4
(e A4 +He FA(Figure DEFE A
4342 distograme] L2 F didcin ¥
b, 3| wlalA 2 e RALA 7} vheke] o Fe)
W AYele zheste] FH AL T HEE
(correlogram)- fifite] < ¥H& vepdctn &
T 9 AHeldh, webd £ Rt 33 24~32m
TrollA EAAE felAg Holwd ¥ EE
el e RS 4o AR o F AN T
2zl FAAEE o gAY ¢ e R
a4 F2e] 727171 4 12~16m W& g
e 2 H FAa € ¢ 9l
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Figure 5. Comparisonn between the genetic and the
quantitative traits at Pinus koraiensis stand
in Mt. Jumbong. There are the upper solid
line (filled square) indicating the value of
Moran's index of 11 isozymes, the lower
solid line (open circle) indicating the value
of simple block distance of tree height and
diameter, the right line marked as '0
(zero)' on the y-axis indicating absence of
spatial autocorrelation, and the dotted
lines indicating the upper and the lower
values of the confidence interval of 95%
at 1,000 permutations. Also the symbols
of Moran's 7, the simple block distance
and the confidence interval are "M ,'S
and ‘¢, respectively. The intervals of
distance class for the both diagrams are
in the same as 8 meters, and the values
are rescaled by transformation.
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1, B4 2L FEe RUTE

Aere] $4d4 23 oy HF 8T FHY
FEe A% AERANA o] FeA] ], #A1H
3l Ak sy At v g
WA & 7hAzEe] Erlvh gHEe4, AR
o], /NAL] #RxUE & HAH2E HEY &
Uk Hamrick 5, 1992; Loveless and Hamrick,
1984).

e A A e Al ER
BT (Lee 5, 1992)8] 424 nlad
AntRe $AXs & Fog, 117 ¥4 B9
Ed FHAEE o] &% BAHA A #4At
ol fAME #34 Fe(genetic patch)e] &7+
273 24~32mel A A= et B TEY H
ArEe Pinus pumiles Fepialst nikx1di(#)
4 2,750m)e] detgt #7422 Qlste] 10m ool
A Feke) 27]7)t AAF e HTani 5, 1998), F
#}e} #-ge] vlabAr 7l vl db%e] Pinus contorta
spp. latifolis 20099 mE dolA7a] fAdH 3
A4 vehisick(Epperson and Allard, 1989).
Pinus sylvestris® B F§ vk F-¥HoA 3832
0%l 42 44 60mel W w43l )(Di-Giovanni
9} Kevan, 1991) "o #34d 5A4E g+ T
o] #2718 AgEes F8 2de] & ¢ e,
2 Afeae St Fzke] 2R, & 5
T gy A Rxahe A o AAd
e 20l A FEe mZr)el dXEgoe
A (Figure 5)& vl $ejghs #E vjitvc)s £
Zhel| 2Jqt dzpe] T H3H FERE AR
Aog gl =8 shiRbare] 43 Azt
Free] FiiEel ARl 28 Bl Quercus
petraeast Q. roburt KEFET A% B3t &
AA FEe 72717 SimE AdFEc 24 el

o v (Streiff 5, 1998), k3] Acer saccharum
+ #RE A W FHeg FAREUE §
AR e s v e 20~30mE LaE
i ch(Perry and Knowles, 1991), ¢1¢} o] &4
2 FE-2 o e gl oA AAEE,
R4k g GRS AR BRY o)1 FA ¥
A(E-Eo 2)&; Hutchins 5, 1996)8} oo 3
AR el BAG K 2122 el fHH F
gho] =r|r} Az, R wAte] d¥dudE
e ¢A)e wg $x1o] AgH 44X el
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dE2 FHF2E FAbate Ao 3,

Bt AR gl 3o AYABA (a8} 2 7))
A FAH G A7 e B4 AddA e
A e mv)e) 2L 24~PmellA AAE
A Fxe A4S vehdidled, S A AL
Ao g axe] AR@AE Belw glef
A, A FEe mZr)e) Y AAREEL =27
7b dAEe A BT Ak dd w4
(e 772 24 A f34 s 4
el Aelgta & 4 olvh, 2o $4 4
AYE Z= NAES it o8 Frgaer
vl FojubA, HEare AR JEE £F ¥4
BE A2 HE FURoheE g A A3 &
A AMAZRE ] A&HA 2} FFo o8 04
TEo] YA AR B 4 Q. "y A&
Ba(Kim 5, 1994b)el visle] Ao n &
FHAYEA v &EFE=0.204) BFe ale] {34
A71AEAR, AAEA, Fd RS 23 A
FE g B o HEA AE R 29 )
Aol £x Uxd) 9|&(density dependent)sis &
A F2E F18 stoed, 2 7l 4~Pm
g A4 FHE YA e AL HAg £
it
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Kim (194a)& Wi5-#42F chek=(allelic multi -
plicity)e} < -3tz e} 21218 tlekE(single
-locus genotypic multiplicity)® 242 dxY
AR RES s A4 87 Adola, 1
Bl gA)9l BEd slAde 84 kel Ak
T 2570 A 2 200908 AL s e ek
Selvtele] shFol oigk fAd oekde fAg
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= AAH A A Addubg el BEA e
F24A @ze Hg Al HAxdE o Y
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2 Qg ¥ dFdde AR fARE 3t
¢} FeH(genetic patch) =718 AAs) A8
o Ag7tH 2m2 30m A7z E£45e] Moran
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9 AL 24.9~26.9mz .29 (Figure 3),
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) 27 24.1m olvlE HAHMZ AN FAE

Ze AR o]l 9 HEel Wt ¥ ®
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A 84 FA4E 247l AHAT A
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FAH o2 Aol AE AL & A AL
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36.8m °]ge] A E Ha Aadselol ¥ oz
Azkge, oled A&, T HE4 AF-Y
FAHALREE 8 Kim $(1994a)°] At A
S 2670 A olie] MEESE FEstm, B o
T Al AAZ A 36.8mEF ALY A5l
HEA AT WA fAAYEES A e
pF dEUEs) 3254 /ha RS A AN FH
& 2.2ha o]4e] WA & BEH} s g &
o},
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Appendix 1. Importance value of tree species at. Pinus korgiensis stand in Mt, Jumbong.

Scientific name

Importance Value

Tree layer Subtree layer Shrub layer

Pinus kovaiesis S, et Z, 14.61 8.77 12.20
Abies hollophylla Max . 3.30 2.85 5.93
Carpinus cordata Blume 8.66 9.65 2.30
Betula costata Trauv, 2.69 - -
B. ermanii Cham. 1.89 - -
Corylus hetrophylla var, thunbergii Bl. - 3.13 3.75
Quercus mongolica Fisch 29.54 1.22 0.45
Magnolia sieblodii K. Koch - 4,75 3.09
Stephanandra incisa Zabel - - 2.61
Prunus sargentii Rehder 3.53 0.87 0.45
Pyrus pyrifolia Nakai 0.38 - -
Sorbus commixta Hedl. 1.19 0.56 0.66
S. alnifolia K. Koch 3.04 3.17 0.47
Exochorda serratifolia 8. Moore 0.44 - -
Maakia amurensis Rupr. et Max, 0.91 - g.21
Rhus trichocarpa Miq. - 0.32 -
Euonymus sachalinensis Max. - - 0.26
E. oxyphyllus Miq. - 1.70 1.91
Tripterygium regelii Spr. et Tak, - - 2.64
Acer pseudo-sieboldianim Kom. 10.47 24.86 8.69
A. mono Max. 5.88 3.78 1.19
A. tschonoskii var. rubripes Kom, - 3.10 1.90
A. barbinerve Kom, - - 0.45
Tilia amurensis Rupr, 7.60 6.90 4.78
Kalopanax pictus Nakai 3.98 - -
Cornus controversa Hemsley 0.79 - 0.23
Rhododendron schiippenbachii Max. - 18.99 32.95
Vaccintum koveanum Nakai - - 1.81
Symplocos chinensis for. pilosa Ohwi - 1.31 2.29
Styrax obassia S. et Z. 0.42 - -
Fraxinus rhynchophylla Hance 0.68 0.67 0.44
Viburnum carlesii Hemsley - 0.67 0.77
V. dilatatum Thunb, - 2.80 7.60

Total 33 species 100 % 100 % 100 %




