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Distributional Uniqueness of Deciduous Oaks(Quercus L.)
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ABSTRACT

The Korean peninsula belongs to the temperate forest biome dominated by many deciduous oaks.
We quantitatively and qualitatively studied vertical and horizontal distributions and habitat
characteristics on the major oak species such as Quercus mongolica, Q. serrata, Q. variabilis, Q.
dentata, Q. aliena and Q. acutissima. A total of 5,278 samples were analyzed with a species coverage
and 6 principal environmental variables extracted from public database of nationwide natural
environment survey. Correlation analysis was accomplished by the CANOCO using Canonical
Correspondence Analysis and the Pearson correlation coefficient using PASW Statistics. The
hierarchical distribution tendency of six oaks was finalized using the Goodman-Kruskal lambda
coefficient of non-metric multidimensional scaling by SYN-TAX 2000. The utmost factor on the
distributional segregation of oak species was the elevation, Ze. temperature. Q. serrata and Q.
mongolica show clearly a diametrical distribution patterns with zonal distribution. Q. variabilis was
determined as a thermophilic and xerophilous species that is a component of not only natural
pseudo-climax forest but also secondary forest. The highest frequency of the dominant forest was found
Q. mongolica. Whereas, Q. serrata showed the highest frequency of individual tree but the relatively
lower frequency of dominant forest, which is resulted from the original habitat loss. By the benefit

First author : Kim, Yun-Ha, Department of Biology, Keimyung University, Daegu 42601, Korea,
Tel : +82-53-580-5558, E-mail : sanhotutu @naver.com
Corresponding author : Kim, Jong-Won, Major in Biological Sciences, Keimyung University, Daegu 42601, Korea,
Tel : +82-53-580-5213, E-mail : jwkim@kmu.ac.kr
Received : 2 February, 2017. Revised : 18 April, 2017. Accepted : 17 April, 2017.



38 1

A==

o,

[s]

of the traditional Soopjeong-E, Q. acutissima dominant forests were remained rather largely. Individuals

of Q. dentata occurred horizontally nationwide, but its dominant forest was the poorest. Dominant forest

of Q. aliena, which is a natural vegetation, was the most rare due to a limited potential habitat.

Key Words : Safoyama, Stress-tolerator oak, Synanthropic vegetation, Temperate oakforests, Thermophilic

and xerophilous oaks, Zonal distribution
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Figure 1. Geographical positions of a total of 5,278
phytosociological relevés involving Quercus
species in the Korean peninsula
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Table 1. Materialized sample numbers of oak species and environmental variables. The P-values of the
environmental variables were calculated from CCA. A total number of samples are 5,278.

Quercus(Abbreviation) Number of Enviro.nmental Number of P—Yalue
samples variables samples estimate
Q. serrata Murray(QS) 2,952 Altitude 5,278 0.002
Q. mongolica Fisch. ex Ledeb.(QM) 2,763 Latitude 5,278 0.002
Q. variabilis Blume(QV) 2,724 ;’:;illt;‘:e 2 ZE 8;%2
Q. acutissima Carruth.(QC) 1,259 Inclination 5263 0.002
Q. aliena Blume(QL) LO91  Eastness 5232 0.120
Q. dentata Thunb.(QD) 926 Northness 5,232 0.002
Wl S e ATt e A - ok IS = SCHFigure 2). sHARF o R S A&
dulle e @ R Holter (3, 5037H)4 Bt A nee HA FdgEo
Braak, 1987). % & 7% =& 31-fFkeigen- S =2 3712mt) oA Hi} L& Al
value)e] Al 153} 2&07 AW, 2 3 e t(mountain belt)ol] #&Ed}= Tt Aol &
A0l ke sl (vector) WEkY Aol =g FE X Fd(Chung and Lee, 1965)2F U= gttt
wnh #RA-R M Dol @7 edel tigh g A e WE1,7757) 9] Hat sl u =
FHF 7] X AP 752 d=d o £ 283.8m(ETHAL 233.9m)A =], AR
& Pearson A4 (Pearson correlation coe- 95 ¥3tel _J‘:' Aol ot5 HUF FE9
flicien) S o] §3te] 1 NS AZAAT,  AAA A Feold AL A,
[PASW Statistics ver. 18](SPSS Inc., 2009)= & k= T 6%—% ZolA E3EE AA
Sttt 373 8 4ok FEake] AAAIG (corre- AZ 527870 788l 55.9%(2,95270) 2] 7 =
lation coefficient; 1) 3 2t +F3te] FHATE < FANEE BT O tgo R Ay,
AEste] Hlwslt old g A RS 3, AFeur, 23, 9auE o

o2 FUE 65/ AFTAH £X A= A THFigure 2). AlAUS-oF F3F = A4 A
TFH3E7] $13ke] 35X (hierar- chical cluster Z9] 52.3%(2,76371) <} 51.6%(2,72470)2] H]$=

analysis) & %] =5 o]&at] Tt & FAVEE Btk o5 59] stux
[SYN-TAX 2000](Podani, 2001)14 B]A| 22} t} 800m ©lstel HF ExsiREd, FHbret
214l 2 = (non-metric multidimensional scaling) AZAUES] o]xtRe] Ao de] Exsh=
] GoodmanKruskal lambda #|5+& ©]-&-3131 1L, A Forh waAure AA AZ 7ked 7t
MAA Rl dlsste % e HHAE 2 AL 02670(17.5%) = =35ttt 1 74
(dissimilarity) & AFE3} T 97.6%(904/92671)= 'L = 800m ©]stol]l
2 Bxsith vy 23ure el

o z = 3% 600m olate] AT PRl 247} 98.8%

(1,2447), 98.3% (1,0727/N 2 B-¥3t7, $24

1. 515 ELIFRe =8 - 3 B2 O F fARG st nE el FH =d F

T

AA AZ(527870)9) Bt e 341.8m S HTh A Uiyt AR o
2 AW nrEoomETt EH = 32%p(1687]) T B AAEATllA @t



o
rm
K
ol
]
o

W7Re) 2E S04 41

Q. mongolica (n=2,763)

altitude (m)

34 345 35 355 36 365 37 375 38 385
latitude (°)

Q. variabilis (n=2,724)
1800
1600
1400

E 1200
@ 1000
o
2 800
5]
T 600
400
200
. b e ;
34 345 8 355 3B 365 87 375 38 385
latitude (°)
Q. aliena (n=1,091)
1800
1600
1400
£ 1200
@ 1000
=l ) L] ©
2 800 “ 5
=
@

latitude (°)

1800
1600
1400
1200 °

1000 g
800
600
400
200

altitude (m)

34 345 35 355 36 365 37 375 38 385
latitude (°)

Q. dentata (n=926)
1800
1600
1400

altitude (m)

latitude (°)

Q. acutissima (n=1,259)

altitude (m)

3 345 35 355 36 365 37 375 38 385
latitude (°)

Figure 2. Latitudinal and altitudinal distribution of major oak species of the Korean peninsula. Dark colored parts
are created by many overlapped circles presenting species occurrences. Parenthesized numbers are a total
of samples. Average altitudes of a total samples(dotted line), stands of forest, and individual trees are
341.8m, 371.2m and 283.8m, respectively. Oak dominant forests are remained clearly at higher elevation

of mountain area.
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Figure 3. The highest and lowest altitudes and the latitudes of 6 oak species occurrences. Cross points
and solid lines are mean altitude and standard deviation for a given latitude. Scattered dis-
tribution pattern of the highest altitudes is notable, which oak species primarily occur de-
pending on thermal condition. QM: Quercus mongolica, QS: Q. serrata, QV: Q. variabilis,
QD: Q. dentata, QL: Q. aliena, QC: Q. acutissima.
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Figure 4. Percentage of dominant and non-dominant occurrences for Quercus species. They were defined as a
dominant forest or a non-forest individual, according to coverage range 9~7 and 6~1, respectively. The
parenthesized number at the bottom is a total sample number of each species. Abbreviations of QM,
QS, QV, QD, QL, and QC are same in those of Figure 3.
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Figure 5. Sample number of dominant and non-dominant occurrences for each Quercus species by latitude class.
The bars of each species(a~f) against a total occurrence(g) would compare quantitatively. Values on the
bar are the composition ratio of dominant forest versus individual occurrence. a: Q. mongolica, b: Q.
serrata, c. Q. variabilis, d: Q. dentata, e: Q. aliena, f: Q. acutissima, g: total occurrence of Quercus

species.
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Figure 6. Canonical Correspondence Analysis(CCA) ordination diagram with deciduous Quercus species and
environmental variables. Eigenvalues of the first and the second axes are 0.281 and 0.028, respectively.
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Table 2. Pearson correlation coefficients and P-values associated with significant environmental variables of
deciduous Quercus species in the Korean peninsula

Environmental variables

Quercus . . . " v
Altitude Latitude Longitude = Maritime  Inclination  Northness Eastness

Q. mongolica 554 354 120** 207 .160** 156** -018
Q. serrata -301™* -218™ -.090™* -138** -.044* .006 018
Q. variabilis -122%* -.026 086 052** 174* -150™* 015
Q. dentata -072%* .039** -010 -052%* .008 -070™* -.028*
Q. aliena -226™ 007 -.045™* 047 -.037* -.091** 002
Q. acutissima -296™ -.034* -150™* .008 -142* -.059™* 016
*p< 05 **p< 01
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04 =2 FdAVEe} FHdT AlduFe = 4oz Azaure ie R
Fe Rt et ete R 7 h - Boh oS 349 ixef Exste 3
A, 2] FqRe Ay ARE 7k UEFZ 279 F vk 34AEA SR 9%
Al =8 Nxe] nE3 FUHE Btk " @ nEdqXE 2L O =2 s
e Ak deiA Ao =32 otk oM e AduRTE £ £E2 Hd

A A4 3 A (maritime) oA HZAUTE= 58 (northness) 2} 5372l g 8ie A
Z3HT-0.138) Ht 1 H vt ofsAI T 29 = 3 439 B (HFAIUA) 27 (Cantlon,
2$ T AA(-0.052) ] THTable 2). 5 &t 717k 1953; Kim et al., 2010)3} THsle] =9} F=
75 FAVE SHTE 3 oridith o 9= ML FIF FRe BF 5P
AAZ WA TE aftd AHAAA Ax o] FFAHET} W] 1 g AA werh
22 A o] WHEn 3T dlete s (3HEE dol)= ARdo] CCA #HE(Figure 6)°l
o] AgloA Alzdvhrel Futo] Ex < A ZRlE AT Ao S3TE 534
golnt. &g oA A ® A (NS4 A M2 ARk A Bk F 5o
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Table 3. Pearson correlation coefficients and P-values for correlations among deciduous Quercus species

Quercus QM QS QD QL QC
Q. mongolica 1.000
Q. serrata -.334™ 1.000
Q. varibilis -152" -032* 1.000
Q. dentata -120™ -042"* 035* 1.000
Q. aliena -261™ 031* -014 050" 1.000
Q. acutissima -283™ -013 -142% 073** 187" 1.000
*p< 05 p< 01
2 AAUYE, Yoz SR A0l wirek 1 Edo] FAHEAT, Al Ao} 3
Lo 7t A e gt webs] AL 27 8T gEL 2vF Ytk e 9rjgith 1
Qa0 FAA Aot VYR 1A X T AAA Zxlo] ehaA dHE AA
YA FFRE EFEAeY, 2 ke = g A div] e 7] wielth g Agelvbre
s 7P S9EQ Ax AR Exd FUF 57 7kd x4 £4¢] 23 A4
= EAQ WA, xerophylous) 2 & Q4R I BXE A3 A7t Agx
S/, thermophilic) W7 FFeke A glgte A o] Haixl 2= A
= ATt o}, AU rheol Al e 2dd 7%
Ao FE FEFOEMN AlUR-oL FEg
3. ELF Bzt Floiy FEo] Lo AHTA(-0.283, p<0.01)S HTh
FE7re]l X AA (affinity)o] B AHHA
AL S A0} TR Pl Het 3 A Iv. o &
HEL 748 FAikdata A th(Table 3). 4l
et e 7P ke 59 e SHte = ot 5 FVER7E AE 2o A
(-0.330) %tk 5 AlZUTe 257 3 Bty AR A o R Folalo} 2
o] Fd7ka, T O we A4S ouls 2] ) 53 (continental type) oA FHitEo}
= 3z 28 e =3t sdus B4 % (Korean peninsula subtype)©ll &8ttt al 4d
ANAT F T 7 (LH)F] WIEE A o] Yenhhrrt ebds] vzl E 1, sh& Fh
A5 SeAlete Aot ¢ 2= 9 7 FHsks Aol 54 olthKim, 1989b;
ZURE A9sta g2 T/} 59 A 1992). & INt=E USW S (Fagus multi-
Aok ol FHUF Ed I/ UE FY pervis Nakai) S S4HEC = sl JUFEFIL A
TRl 9 AAE 9n|ste Aolth gy oA 5= 3 (Quercus mongolica var.
o= o B A (+0.035)0] A 7Y, dF crispula (Blume) H. Ohashi)7} %413 A F=
Az YA A Edete A e=ZHEH 1 9 © o tE AAgelt) o] g gt}
1](p<0.05)5 Zo} & = Stk O ARG ] A RS Fele] A &
= v b A Au tiaA A25E e THKim, 1989b; 1992; Jeong et
J +0.187)¢ 59 A al, 20092). AlFEe] BT $HHLS E
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Figure 7. Habitat classification of deciduous Quercus species in the Korean peninsula using hierarchical cluster

analysis

e Fotrlob AAA2ge] A ¥ (island
type), & 533 3] %3 (oceanic type)d] 3t
ol EExFAE FE FF(Kim, 1989b; 1992)
olty. BT E du(EDN Y v A2 27,
7PgArE] € dglg JY, E3rel o 7k
Fefo] Are AR Wx FOoRNH Ay
o} ogror FRETKLee, 1961; Lee,
1996; Kitamura and Murata, 2002). €& 2 &t
bl e(lbifgii) o] gl TPk AE(E
e S H-ARE AT E(Abieti - sa-
chalinensis—Quercetalia grosseserratae Kim 1992)
A A gl EEgtH(Ishikawa and Ito,
1989; Kim, 1989a). 9 Z7lol 28 £33 &
B ERAGy FEde dof Yo 4
of tigh 7]& AP A A
Zh} 58 0 2(Okitsu, 2003), &
deAE AFER BHe
2011; Song et al, 2014) 52 BT} ofm)(J8
)9 AsEFetA

784 A-8(Q. mongolica sensu
lato)o| A B]|FEg Zolt) BbH S5 oA A4

o
oH T

ok Arelure] Aol Z1aE vl glovt
(Hong et al., 2002), o]+= 423t g2 o]
o AA R Aol AA A ()=

Woll A= E=AE Polth. 5= W
A S ETh o2 51 (Nakai,
1919; Kim, 1988; 1989b; Kim et al., 1996), =
T AAAKREA: )l A A2 AE
7} AAR Apolek A 2Aelat, et
7 U& dFe o] a7
Soprlob Lol A
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H5 FUT 637
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7 wobdas 9
e gt 9ol v
942 gujEn) ol2d 2% S8
dF, 2gla tr|d Ee E
213} ghydo} Sl Al

SHE(FR) 0] B e

H
e

o

b 5o X

Mo
N

o
Ho =~

o 2

i oy |
bl

rot
A

b 24 e Al
=]

4omye] HARRGA AR o] Akgle] §
Oh and Kim, 2006; Nam et al., 2013)
FRAUTHEZ R 7 S8
A ] AbEo|tt. adldE Az
¥ 5% Zeth 23y
SEA|RE, 74 Akl thaf
F3A(+0.160, p<0.01)E HSQI
THTable 2 X)), 17 7 AR 9449 &
43 B e AR slg &
37 z2dd g3 o=

~

%] %}

Ame] Bye PI b4 AR Aol
HAZ AR $He] 30° o el U

FAAA (Um, 2014)94 28lm Ax3 =4
(Kim and Yim, 1988a; Kim and Kim, 1994; Kim
et al., 199494 Bu¥ 3 gtk st nEe} 9
7t w2E, 5 AEFE A2vre =
ANey Foes S7IHAR, 3ot &
e ditd X FEE Hole Z(Park,
1984; Kim and Yim, 1988a; Park et al., 1989;
Kim and Kil, 1997; Kim et al., 2004; Um, 2014)
oly, T 5% %(Beijing, Jingbohu, Dunhua)
Aol AP oz 7IAE AU =H(You
et al,, 2001)= 2 Wetot), whgbr] Z3bR-
g olre Ao AR 3 o
Atgel =9 o BX FAAE e
Ao a7k F3x9] A Fo|thKim, 2004).

Q
Rl
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o
X

A
Al

31’2}'

T

HEAE A o R FU Y o] o
AY SN B VIR FAshe st

= A7l Qgel 9
Agden gelde % s 7o

e dgdoR g
¥ (zonal distribution) -5
 Awsk e A e Ee
7} e A e e
A7yl 3
et al., 1989; Kim et al., 2009)%
SotAlof AlHE]o} ol A HE
gkl SEe Aol Al T2 AMA gt
Add =MAY AR FY gt
oo} s Wt E el Yokl 7t
(Fagenea crenatae Miyawaki et al. ex Miyawaki
et al. 1968 stat. Kim 1992)] tl-$-5l& th54
e o] AlzyFol 7 (Quercenea mongol-
icae Kim 1992)°l] gt R F o2 Al
9] 9Jn]= AdisthKim and Manyko, 1994;
Kolbek et al., 2003; Krestov, 2003).
e AZUTE Al YA gl
T 7HeH 3 B Fe] BEsHl +Ed
ok A2A g2z tigk A5+ 2 3K Figure 6,
Table 2 F2)Ad Feluet FUT 7 7H
o 23 7P i34 sS4 WA
FZFo|tH(Kim, 1992; Kim and Kim, 1994; Jegal
and Kim, 2003). ©]7& I A24H =
o] FANAIL EAC] L Rute 944 54
7} gtedo} Qlth(Kim and Kil, 1997; Beon, 2000;
Jeong et al., 2009b; Kim et al., 2010). EX]Z] #|
Z:2] 57 2H(edaphic perpetual plant community)
o] 9= (pseudo-climax) AP Fo g =3
W el A e A7 Hus e gl
(Jegal and Kim, 2003; Ryu, 2015; Lee and Kim,
2017). 23T oA e A=A o R E¥EotE
o et B AN 449 SolA A
Ao vre dlumsh F2 ¥ AdIA 7]
AE 3L 9ITHKim and Yim, 1992; Kim et al,
1994; Lee et al., 1995; Kim et al., 2004). -1 o}
Alotell A 2T A E o] A& A Ee gt
Lo o]oA] e F gk F(Liaodong) HHE(
38°~40°N) ‘22| 200~400m A& 2| o] FL
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FHA HEGo g Ao YEIE] Zih
T FAEE T2 A7CLEAME oA ) A
oA Z2FUTe dA Ger) A2aEsY
tle] ozt S FAska A kx| o] de
F3cH(Miyawaki and Okuda, 1990).
EUTE B vy 25 vked &4
=7} 7V =9k o (Figure 2 %), 2% (3) 3
%) Aol AT e oy 22
HHTHTable 2 ZZ). W oA 2] A3=] 2]

M

A A

=

Kl

o8 W2 AR TEY 304%;
Kim, 1994)= 2HAetal Qhvke AR dx)g
th o &o] d2d ST (Cemell- ietea
japonicae Miyawaki et Ohba 1963)<] 2] A4 & of A]
FEEGTHd gk ojakd ] FHE(Oh and
Kim, 1996, Suzuki, 2001) 224 3T &
A= gaf A 7] WEelty. 2 E3vre
ARt FRICRANA gl 249l

Y
o] AFH (LR B FFelm, A

gek. g Yim(1995)-2 %A1 %(Yim and Kira,
19752 EUE A2urds dd =52
GrYon, TPURY, THIRY, 2EIT
de ded E2AsEe] B orthern
subzone of warm-temperate deciduous broad-
leaved forest) @ -3¢+ v} it} AAl= W)
T - AR AU ol 7
&u e Al aldeta, $A= Yed @
R o e S B e B e )
<o stEggrdd 3t a1 ¢
e e A o r SRt =g

ArEoR iEHL, EXHoR TE o4

o= stEggHe] Wt Miyawaki, 1967;
Kim, 2004). B3t MAUF-E 7|52 (climatic)
xkg] = ;H}\}

Tow T
sl (Lee et al, 1997)% UARE, A2 -7
Uirek 2] o x] EukpatchyF o & o
gote Ao u-7i A o] Lol Tk (Carpinenion
laxiflorae-tschonoskii Kim 1992)¢] A %o| 11,
EA A (edaphic) F74H o] F8 FFolth AT
o] Yo @ - A ARl o-g-a)
£ FRURAIURY Z AolpAFE

o] T(Saso quelpaertensis-Carpinion laxiflorae
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Kim 1992; Ilici-Quercion serratae Kim 2004 no-
men nudum)S FEELE Ho|al gloy, o=
S AT et FARE ddf ool
S A =22 SRR A= YA A
Ao A v Egh
o9 ZFURE e A A delA 1
L] AAZ} vl Al o] ChFigure 4 3X).
Z3UT-2h ol e Ao A7 o]
3L gk Exjo]go] @EiEet A& wi
olt}, EFUE7F Edse ' EE 10m(34°
54'04.3"N)~1,485m(35°51'40"N) H9jo]#|qt 1
e AxH oz T 1,000m ©|3H(H
9]: 10m(37°06'59.3"N)~950m(35°14"27"N)) el A
T 2 daE 300m F-o] ARt F2
E-Z 3 (Chung and Lee, 1965). 3144 &t
1991 dEG oA 2 $4HE 73
2o g ZFto|k A L)l ©]27]
2 FHH o7 s daE 10m~1,350mel A g
7] 233k Suzuki, 2001). o] EF VI S
A LA Folg} BFE wE(Kim and Kim,
1994) FE2EH 27} A TSR] &= 715
oM g 5853 Al == AFY
ot} 1o Fohe AMAAd FE FEIITH
A S Tt} FolAloh ol AAR 3
= FHA o ATt Agd B F4A
thKim, 1992). 28407 Z3h e e
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&+ 2}o] 2 Walal(Cantlon, 1953), E3] FaA &
&g o vlal ghttolut Walo] ezt g

7hsgol ofF 2 A4 2ol ol 2ol
T P G AR o5 A

X BelA BEE Mol £50)% n|2 2

By S E3F0ne] §
guet Bal = e Ztolw ashe met
53 2 BP S Ak YRoME B &
Ao AlFFEAEY T 1 T Ao

2

o Aoz Hud vF 9tkSuzuki, 1987a;
Murakami, 1988; Kim 1989a; Miyawaki and
Okuda, 1990). &9 A9 9 wA|# o2 Fitie
WEA Gl = w277t 39t 99 3
A 53 <AGPE7|F-HTE> Y&
oA AstA A o] A E = Hol =359
A <z (sparse forest) .2 Y3} 11 (Kim et al.,
1983), 2] T3 ApERR-O] &5 G
A ol e AFA- o R EASTH(Lee et al.,
1995). 2NN = WEA (=TT, ZFEHH)
)M HaT A Eo] Haud uf glvk st
3 FAA G FEA A ST § A
T oA FAsta, S A i A 7%
FE| A FE W2grh(Suzuki, 1986b;
1987b; Miyawaki and Okuda, 1990). &= T
o] & o] 3 A (Heilongjiang)d HEH-9F 2oy

gt ot o

(Liaoning)’d 2] A3}'%(200~300m) FAFHS] 7}
g YA AR Hzprglo] 71AE
ATHQian et al., 2003b). A= Y=< HA|A 2
EXA A& 240l dgste] WA A&
F3E7F Ak 7] v ol (Kim, 2004) - 5
7 7heH 7P v N = 0=926, Figure 2
FB)E HQAth Hauge o8 @4 dR
T ofd Feh(ell: k7 )] A5UA ol
BExsle =207 AEH A9 AKstress-toler-
ator sensu Grime et al., 1988)$} Z& Az A
Fe)2d E4(Kim and Kim, 1994; Yamanaka et
al, 2007)< Ad F£Foz Hedr)

Aot e AYA /e

al., 2016). 2z E9} Aeeluie vyl <
PA(EA ]S )0 wet 2 B Aol

o] Wgjel QKT WA R e 2
©)% 0% $UF ZAEE 2 QA 2
7} F7kke A%l Udeh ole 181 9

npdol 3, Aeeure 19
oo o] &5 & YT FUF FFo
thKim et al., 2011a; 2011b). A5 ITEE ©
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CHEAMR) 2] AREEok(HLIL) HE wE7d
Z(Ichikawa et al., 2006)= ©]-&-% 31 It}
-2 U5 (Quercetum acutissimo-
serratac Miyawaki et Fujiwara 1968)-= 1 U]3%
Q1 Th9]2) A o] 31(Sasaki, 1972; Suzuki, 1986a;
Miyawaki and Okuda, 1990; Suzuki, 2001), Fa=l
A o] e Bl WRd E A
A gatA #FET T ges vk
o] Sl aE 400m olsk A kA AL
el A ey ojabge] Husa glou
(Qian et al., 2003b), FAH o2 Sl Al
o] g0l w3l slgo} sle Aoz Add
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o

hre Aeeuret fEo] felvet
U 5 7hed 7 23 gAlof Bk

Folth sHAIRE A<re vt Q17ke] ZHd oA
%= &3} E(synanthropophyte)©| 2} 2
= A o] w& v 314 E(non-synan-
thropophyte) 2 the]®th 23UTe Yo ¢
Fo- A A F dedle] A Abs Al -
At ARl FE2H0] F5dh x| 3
BHh(Kim, 1992; 2004; Lee et al., 2005; Hwang
and Yun, 2007). e ZzhtRe] MAA e B
Zlo]-go] 7hseh st AV SR o
Fo o 48 AEE AU Skl glvh
nhE Ql2e] AEnkSEa A AUt 5]
ESe AL Fa FeA U} Al A A
Ao o] FANAAAY Y] 4 e aghe A
< A3 KKim et al., 2011b; Lim, 2012; Lim
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HArdoe] TR o)Al EFdele 2oz &
24 ATHQian et al., 2003b; Tang et al., 2009).
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