D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= TR mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

tOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH0l [E 0l8Ke als 2o ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

SR TERES

AgA N RAFE AF chapiel

2011



ANl ANHE ARt

A)-Z744 ol

20109 11¥



aaan % U A
aage 5 WS g

aaqa  7E 2 ﬂ$@/




7P A Aor AR shth 1975 A& Al A 9]

dH R ol F= SO, 59 U7]

N
N

o

)

2]

1EAEe] A o
ool we} e el

7

o

&
b2 vl A o,

°

<
T

1 o]
0.01 ppm ©]

s

}

0]
pul

1

e Algo g 1998
[€)

o Aol 7}

=

T+

FER old AoAvton AR 19819 FH
#) o]

-
1

—
fite)

el

Eil
Aol A

A& A el

2 Ah s o

ol 5

1334

=
o

=
=

ol &

CELT S

A 5

K
©

==
=

AgATok 2, e

FAth o9 g Eo] SO, NO, O3 52 7] &

Aol A FEHAA YERET

=< 0.019 ppmE.th

BE

T

s
RS



N4 A wet AL S S wse Aow AT

=13

DA 4% F 33U Candelaria concolor7} & A xF ol

o

A
W SO.2H7 Rtk NOwb B4 %A AAste Ao Fo 9P

oz AmHth ALA B4 B nmAe AAse Ao F3

o TAo] A/ thEu: 99 2o Ade fred v

ZAle AAsks AoFE R ES Wred duFEse BA

THY o W=A] s s ojo & Aol



=T 8

R

e

& 2 (List of Table)
aY 5 = (List of Figure)

0. As 2 44

m. 2 3

=
K
b

FuEd

ABSTRACT

13

26



¥ EZ (List of Table)

Table 1. & FHANN AYAAAY At 2 AN F42
R Q] B ZAF G I cercecerer i 17

Table 2. ZAIX S QA AHFG Y7109 ALY YA +ovvvvrveennens 18
Table 3. 4 ZALR A AFFE XYFY 2 FE & -vvovvvevnnns 19
Table 4. F=H oA FAH XF o] drd BX --ovvvrnnn. 20



Figure 1.

Figure 2.

Figure 3.

Figure 4.

2P EZ (List of Figure)

20099 A A2 E drledEZQ
SO, NOz, 03] I wvrerernreerne e, 23

MNeEA d7IedEZY 8T FE(1980 ~ 2009)-------- 24



I.A4 2

AolFs Urleddd wFstel A% AE= 7HE ol dgE AE

2 (Hawksworth 1971; Nimis et al. 2002) =A] ¢} F9A oA 1 FEXE7}

AsHdoz FALEo] gk}, 22~ ukE] o 4 Nylander(1866, 1896)7} # %=
ANFE B1ed EARR o §3tel trlegel ¥ Ao AU

e Basgion ofF @2 AFoM =2 ofFUTIA FETE A6 F 9
ARs Ageta A2EEs ZHdos A3 B aH It (Sernander  1926;
Sugiyama et al. 1976; Eversman 1978, Sochting and Jognsen 1978;
Will-Wolf 1980; Taylor and Bell 1983; McCune 1988; Nimis et al. 1990;
Aarrestad and Aamlid 1999).

19528 A9 2R AP 1954 Los Angeles 2R A7l o] &
W] ol e BA Aol Eobnrh ol WE @y Wy FAL
7] T obAvEA s A gasdn g d' e A 1962 0.088
ppmoll Al 1977 o &= Axt =<2 0.046 ppmeol o™ 2007 e+ 0.002 ppm
o® 1962 9] 2% FEoR
"ASA el wel Aol Fo] A ] G, A ULHE T A
el Al Bawojgitt xekx dhE|o A= 18661 & 32F ] Ao {7k A4St
A I T 16F°] FEFAYAF A (Nylander 1866). o] F 18981 Z A}l
SR om 1943, 19461, 198611 AL A=

Me Adws g

N

N

Lecanora dispersa & 1&% A3 4 A th(Nylander 1896; Bouly de
Lesdain 1948; Deruelle 1983). 3t 9k 1990 ZAbo| A &= FH2ZAA] & 7F
A3 F7tete] 1150 BuEgoy 18660 B 165 = 4% QA
kA tH(Seaward 1991). F= oA E= SOz thell M= e NIPAAS 2

Ao FE FAS BF Aok 1 A, dd Y HEReF AR 293k A4 1800



o o]F 200\ B¢k A HEH Aow HAW 659 AFI SO 57
sk 1953 T 1967 Atoldl A AR Aoz FlFATHRose and
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F4s HAY. "ddd AAstE AYF  Fole=  Physcia adscendens,
Xanthoria parietina, Phaeophyscia orbiculariss® tW7]ed WAF
(Seaward 1997)3 &2 WA F(Barkman 1958; James et al. 1977; van
Herk 2002; Seaward and Coppins 2004)¢] $-Ad3&ta & Ao = ey
T3 gEle Afde 52 o AAdH dEw dotE d& A A
ol @] =Pl Lo
Bakker 1996; van Dobben and ter Braak 1998, 1999; van Herk 2002).

FH Il A= 19759 AR ol g do] AMEol MAsteE a3
A7 x5 Hxa AR 23 F3E WA 5 km oW AL A

gFRF AAF 5 Qe Aoaelgion BHEoRRH ALt Dejol

4 Aoz e ti(e.g. van Dobben and de
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} 2001), A E steEhdd AR 5 2004) Sl A

of el wel A oF vFdo] Tk Aol B
B AN FRE FAbe] wEW W] T okFAbrEA 0.04

ppm(120 ~ 130pg/m ")l A A €] F o] Mol 7h5d Ao vebgth(Rose
and Hawksworth 1981). 0.04 ppm< A F7F A2 F v dAFs
AAsA S W A FE oF 599 ANAE Fa AMAEE o=
B 315 9 tH(Seaward and Letrouit-Galinou 1991). 7 +%1(1991)2 %] 2] A}u}
Ad= obFAt7b2el F=7F 001 ppmol @l A JdAFa T xE3
oo 1981 ek 7l A= Alda d71E Al Ao Ao A2
obATEE s FA4%] Atk 19929 o] % & 0
Hom 19983 o]+ 2= 0.01 ppmolst=Z FA ¥ AH(EEH 2009). v}
A Mgl e I !
A4 Mdem dAe AEY HAE 7heAdo] v Aog FSHHET 17
W Aol 1975d FHxel AT ol 1991d ol = drjedEdy #d
o A A 2083 Ao A gk}

J3e] Agelt we Ued FEOR AR ARl £¥, 7]

Be olAts BER A &

Fowxed #g AT o o
gt dE Al PR EAs 9l
E3 U FaoA AgF TFde A Wste] g Ayt AgE nt
slom F FEoA FHREY W tirled WiztEe] g A= A
ATk 53] AMgolA AoF Exo #e FHzxo AFr HaAlH 19759 FH
AA74A] 35z 7] o] Wstafghot ofo] wE A oF thdA e Wl
#HEE A= g Aol ojde AFES A el AT oF
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m 2 3

MEA AYF dFH8Y 3 X

1038 M A A olA - 13349 FEAAANE A 7= 1354
7)o ® o] FolHtH(Table 3). =4 5AolA 4523 3%), 84710l AP
I FARA G ot 25F, 142709 HEo] AP EHJT. dFS5A oA 13F (4
I 74), 49580 AFHAJL FAA F B 55F, 1249 il AFHA
=3

EaAEAdqME 2% T 3Fo] HHE MAA T F FHES Ao
7boA] gllth, EASEA A TAE T IASANE HHE O
Candelariaceae®} Physciaceae®| 43} Candelaria concolor, Phaeophyscia
hispidula, P. hispidula, Physciella melanchra®©ltt. ©| < P. melanchra= 3%
ofrbs A E HA AAA A EF A P BE A XA A
Folth

] H = Ao A=  Candelariaceae®}  Cladoniaceae, Parmeliaceae,

o

Physciaceaed &3t Fo] @ttt H3Hilo] 8F o= 7Md &2 YA
S HAa FEA 7F, AAM 5%, #er 2% o2 YEryth. Cladonia
macilenta’s ) Z 5 Aol Aqvt HAFEQ oW 9 Figx 43 EFoA M2lea
AR Myelochroa aurulentat™ 3Htibs A Ld Al oA ZdsHST)
Cladonia chlorophaea, C. ochrochlora, Myelochroa entotheiochroa, M.
hayachinensis, M. irrugans, Parmotrema clavuliferum, Punctelia rudecta~
o] Fm A F o MRt M AL Qe 4= AT

¥ ¥ FFo A Physciella melanchra’t 54.1% % 7} w1 slA &4

i)
32

o QI E=AoAwt WAY Cladonia macilenta?t 14.3% % FH A =

TtA YEelg Y. o] %9 &3 WE+ uS3 22Uk Phaeophyscia hispidula

_13_



(12.0%) > Candelaria concolor (6.0%) > Phaeophyscia rubropulchra
(3.8%) > Myelochroa aurulenta’} (3.0%) > Cladonia chlorophaea (2.3%)
> Cladonia ochrochlora, Myelochroa entotheiochroa, M. hayachinensis, M.

irrugans, Punctelia rudecta, Parmotrema clavuliferum (0.8%).

AAA NN BBREAA S ALsk AF F F el AARAES @

A¥ 95% NFHFFEAAM r = 0332622 vl § e ARAAE B (Fig
2).

MEA AdF GFH Azt BE ¥o]

A=A

Wk FYgE Ao [ AAEHA e A oA e R dE ]l Aol 3}
Awk E Ao A A Az FAbdA = Candelaria  concolor,

Phaeophyscia rubropulchra, Physciella melanchra Al &2 A9/ 7} A 2] 35t
I e A2 yEyt ®=3 AYgelA= Candelaria  concolor,

Parmotrema clavuliferum, Physciella melanchra’} 271 & ¢l t}.

o} X oﬂ

LR =

s

19759 (AR o] 3] 4) 3%, 1993 (o] F

<y
o
lo

i

Aelfoh AAsE Aoz wRHAL 2010 EANA 2E0] et A

—
LL)

°o 2 YElstH(Table 4). ©1 & Cladonia macilenta'= 199339 %= 271 H &
ol o] Aol A HimA U™ C chlorophaea’t A2t Ao ®
L EFSE T

Eehibel = 1975 (=R o] 34d) 48, 1998 (E33]) 1752 A
RHAEAA 2 Aol = 8Fo MAstes Aoz st 19984

I B FA A BE wAY £ Candelaria concolor, Cladonia macilenta,



Myelochroa  hayachinensis, = Phaeophyscia  rubropulchra,  Physciella
melanchra 5% °]t}. T3k o] Ao A HuFHXA &l 3F(Myelochroa
aurulenta, Parmotrema clavuliferum, Punctelia rudecta)©] 5 3FAko] A2 5}
e Aoz dre R

Fetitoll = 1994d (o] i 5) 3T A 77 HauHdda & Aol
M= 7Fol AAste Aom we it 19949 BEu¥ F % Cladonia
macilenta= ¥ QATolME= AL 5 Ao ofHdd HiuEA FUH 6
<9 A &) 5% (Cladonia  ochrochlora, = Myelochroa  aurulenta, M.

entotheiochroa, M. irrugans, Phaeophyscia  hispidula, Physciella

AE&A 7] F SO NO2, O3 329 Al F7HA o

20008 ALA W7o AEAY] B P EAmA S} AenA o
A ZA e Aew Jeut(Fig 3). EA%A% g@mAdA A%

SO, FEE 27 0.006(+ 0.0012), 0.004(+ 0.0014)2 & zFo]7} iU}, 3HA
% NO; 5% =45 9A 0.036 ppm(+ 0.0048), €154 0.015( 0)
o2 TAZAA =okth Wb Hit O3 TEv =4AEA A 0.020 ppm(+
0.0029), 9]&==olA4 0.035 ppm(+ 0.0042)2 ] F A oA £ Aoz 1}
Bk

MEA 7124 = 4SO, NOy, 039 A% FE+= Aol uwhet
A Wt gkth(Fig. 4). 712954 T SO= 1980 0.094 ppmol A =

_15_



[-l 1
2
S

23] zhastel 20000+ oF 6% F<l 0.006 ppmO &2 Yrolxl 0w

A=A Tk NO» &%+ 19899 0.027 ppmel A

o|N
ol
ftlo

HhEskel 20099 0.035 ppme®E  °oF 30% S7FsETh O3 wE+v 19899

0.008 ppmell Al 2009 0.021 ppmo. = ¢ 2.68) Z7}3stS Tl

_16_



Table 1. A& F404 AAX7AA ] Aeleh 2t AAR A a8 Ao

24 A%

Distance
from the city 19757 1991° 1993° 1994% 1998° 2010
center (km)
zuy EASH 7.7 +
T MAEEZY 9.8 +
A BE HHiiS 9.8 +
=X T 4E3¥ 104 +
LHAE 29 + + +
a7
dHz3=H 15 + +
2ot
5 oAt 14.8 + + +
=2
an °__rL SOkt 7.2 + + +
= |
=l o s 18 + +
RES
2 A 16 +

“= AENT o]8HA(1975); P = A EW(1991); ¢ = o] F F(1993); ¢ = o]
o+ 5(1994); ¢ = w3 (1998). + = Study site.
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Table 2. A9 3} <l

|5 1024-3

A5 A17F 15 685-20

] E)

)

A

=

o
Hr
M

= 27} AH1-3

o Ad 5% 1439-3
o Ad 5% 1439-3

TET ZAE 173-2
TET olsks 149-1

ZRT

5& 832-14

>
o

~

__.AL

it

613-2

o
Ty

(o
ol

e

)
ol

|5 1024-3

=T AAI2E 389-483

A2k

3

8

] dE)

A

1o
Hr
M

AJr
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Table 3. ZF =ARA A A A Ao 7o T 22

==X Qla=X|
M #4B mAN ME 0 B | BY =2E 2%
3 3 3 3 TT @ 444
Candelariaceae
Candelaria concolor 1 1 2 1 2 1
Cladoniaceae
Cladonia chlorophaea
Cladonia macilenta 8 3 5 3
Cladonia ochrochlora 1
Parmeliaceae
Myelochroa aurulenta 1 1 2
Myelochroa entotheiochroa 1
Myelochroa hayachinensis 1
Myelochroa irrugans 1
Parmotrema clavuliferum 1
Punctelia rudecta 1
Physciaceae
Phaeophyscia hispidula 7 1 1 3 1 3
Phaeophyscia rubropulchra 1 1 3
Physciella melanchra 15 10 13 5 9 13 1 4 2
= 3 2% 3% 33 28 3% 3% |28 8% 7% 5%

Blank = lichen species not founded.
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Table 4. ] 5o A WA E

o\

¢ 5

g

&

j
L»J-]??_ﬂ

M
e

A%

3

1975 °

1993 °

1994 ©

1998 ¢

2010

Anzia japonica
Cladonia chlorophaea
Cladonia macilenta
Menegazzia terebrata
Parmotrema tinctorum

+

Hr

rot
>~

-

Anzia japonica
Candelaria concolor
Cetrelia nuda

Cladonia humilis
Cladonia caespiricia
Cladonia pleurota
Cladonia chlorophaea
Cladonia macilenta
Cladonia ochrochlora
Cladonia ramulosa
Cladonia subconistea
Menegazzia terebrata
Myelochroa aurulenta
Myelochroa hayachinensis
Myelochroa leucotyliza
Myelochroa irrugans
Parmotrema clavuliferum
Parmotrema tinctorum
Phaeophyscia hirtuosa
Phaeophyscia hispidula
Phaeophyscia rubropulchra
Physciella melanchra
Punctelia rudecta

Pyxine limbulata

+

+ o+ + + + o+ o+ 4

Cladonia chlorophaea
Cladonia macilenta
Cladonia ochrochlora
Cladonia sp.22

Myelochroa aurulenta
Myelochroa entotheiochroa
Myelochroa irrugans
Phaeophyscia hispidula
Physciella melanchra
Stereocaulon sp.1

Xanthoparmelia piedmontensis

+

+ o+ + + +
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Pz T o3 A (1975); P = o] L 5(1993); ¢ = o] FH 5(1994); ¢ =

T o

+
Il

lichens observed, - =

lichens not observed, Blank cell = Not
studied.
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Number of lichen species
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Fig. 2.
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Fobh WAEe] Aot YA R AdFE ofFAlrtzel W

9 S +=(Nash 2008).
7] F ol ~e FE7F =9 1800 Wk T 1900l W] Sk
of W2 LEAEAA AJAlute] HIEAT ZE A A e 1866 F

32F 9 Ao F{F7E AR oY o] F 1896 XAt M= A oFHE WAL &
Sl AAE o2 vEStH(Nylander 1866, 1896). gh=ol %= 1975d <+
W3t o] ATl A Me B3 WA 5 km ol A A AT O R

Aok o]%F 1991 FAbel A= wH4 15 km7bAl Abute] ggw Ao w
B s oA FER 1991).

19509t o] F w2 H7tellA &3
ofFAT A FETE F

=0 By AR =AY
Ao zHAaskar oo whEl x| o7& A Fo] KLY
ojskth. Zab wmbElo] Al 19439, 19461, 1986 FAI A= Lecanora
dispersas Al&lstil LASA] Ko}t 19900 FAbo| A= A A <
7V w48 S7kste] 11Fo] Kl Ath(Seaward 1991). F= HHA =
1800 d] o] % 200 B<F A HIFH Ao HIHAW 6F 9 AoF{FIt
1953 ~ 1967 Atolo] AAH3 Ao w ey tH(Rose and Hawksworth
1981).

ro
)
>

A o327~ FEE 19809 0.094 ppmol A F4A3] HAa
sto] 2000l = 9F 6% G2 0.006 ppmo. & Yol o & A 7=] H] STk
FEE FAFL vk Fu ddelA FaE Abel wh=™ 0.04 ppm (120
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130ug/m ol A A 7] Aol 71ed Ao e tHRose and
Hawksworth 1981). =3k 0.04 ppmoll Al FA12HAY 2] o] 7o) A} 2o = 53 ¢
Alzkol a3k Aoz HHt(Seaward and Letrouit-Galinou 1991). A
ol A HgE Aol ot (HET 1991) A AP A = o} FAb7t A~ F
7} 0.01 ppm ©]7%Ql A9y A g =, Frprd AR He = 2 A
of GEAHE MEAle thr] T otFA7EA FR7F oF 12d T 1849 A
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D, AT LA AR AL 199090 o] F AT Ahow A ejFe
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Lo
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ww
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I 917
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Bk 2y Al v

o
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=
-
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=
pl

(1995),

o
R
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vl 24w A JERR
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o
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A7l T 2EY FEe AYFe udde & FadAVE gle AL
HusJv(Nali et al. 2007). o8& AFL 2 AFdME FAS Ao
el A

N7 AE Ee AYFe T T4 dF¥Fs vA=
Aoz d#HAJrh(Seaward 1991; Bates et al. 2001; van Dobben and ter

Braak 1998). 9= ©ddolA ofgitrbs wkrp Yol & 97%7F =

=z =
g4 7 3 F

2 (Hauck et al. 2001) Lecanora conizaeoidest™ +w A3 723 th(Bates et
al. 2001). HEd=d A= & T Aidd 42w Ast= s A4
WAadEoel F2 AAsE Ze® HiaEfthH(van Dobben and de Bakker
1996; van Dobben and ter Braak 1998, 1999; van Herk 2002). T3+ 20073

Gaol A FaE EAe] 2w Add A4sE AdFE grled WAE
4

1
rr

S A A2~F 22 Candelariaceae?} Physciaceae, Teloschistaceae®l
Aoz  ygud., 2 AR =AmAdA A" AYFe
Candelariaceae®} Physciaceae®] <3t+= 4Fo|At. 53] 4% < 3hyel
Candelaria concolore &A% o 2 4# At Perlmutter 2010). whehA
Uwx 3%  Physciella melanchra,  Parmotrema  clavuliferum,

Phaeophyscia rubropulchra® ZAAFTY Aoz FAHHAW FF A7}

FH AR EAlA AL BY R woldel weh Aol F

S zbE o] ol wiEd Aoz FAIFHA(Davies et al

2007). 2 AFoME TA=ZH O AAstE 452 AA AFdE 13379 &2

< 10185 AAsAT. wHpH MM =49 w2 dattdts w9

(¢}
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ABSTRACT

Spatial and temporal patterns of lichens diversity in

Seoul metropolitan area, Korea

Chorong Ahn
Department of Biology
Graduate School

Sungshin Women's University

Certain lichens are known to be sensitive to air pollutants such as SO,
and their distribution has been examined extensively in cities or
industrial parks. In a previous study on lichens in Seoul conducted in
1975, areas within a 5 km radius from the center of Seoul
(Gwanghwamun) were reported to be lichen deserts most likely due to a
high concentration of SOs. Policies such as the Clean Air Act have been
implemented since 1981. Since then the SO level in the inner city areas
decreased to 0.01 ppm, the level lichens could establish, by 1998.
However, lichen distribution in Seoul has rarely been assessed for more
than two decades. Therefore, in this study I examined the spatial and
temporal variation in lichen distribution in Seoul. The inner (six sites)
and outer (four sites) city greens were selected based on the distance
from the center of Seoul as well as the land use pattern. Based on a

total of 133 samples collected from those ten sites, the spatial pattern of



lichen diversity was identified by comparing lichens in inner and outer
city greens in Seoul. The temporal variation was examined by comparing
current and previous lichen distributions in five sites (two inner and
three outer city greens) where temporal records were present. Information
on the level of air pollutants such as SOs NO; and O3 was also
collected to identify the relationship between air pollutants and lichen
distribution. Following species identification, I found that lichen species
abundance was higher in outer than in inner city greens (13 vs. 4
species) and that all lichen species in inner city greens were present in
outer city greens. As in previous studies, lichen abundance tended to
increase toward the outskirts of Seoul. The concentrations of SO2, NOs,
and O3 in the two types of greens differed depending on the air
pollutants: the level of SO, did not differ between the greens, while that
of NO2 was higher than 0.019 ppm, the level phytotoxic effects arose,
only in the inner city green. In contrast to the previous studies, three
lichen species were detected in Namsan and Changdeukgung both being
located within a 5 km radius. This result is likely to reflect that lichens
that had disappeared due to high concentration of SO; re-established
following air quality control. Considering that Candelaria concolor, one of
four species found in inner city greens, i1s a nitrogen-resistant species,
NO; other than SO appears to exert influence over lichen diversity. The
results that lichen abundance and species composition differ between the
two types of greens should be considered in policies controlling air
pollution, and furthermore in conservation and management of sensitive

species, including lichens, in cities.
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