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Spatial Distribution and Social Characteristics for Wetlands in Gyeongsangnam-do Province.
Do, Yuno, Ji Yoon Kim, Ran-Young Im, Seong-Bo Kim, Jong-Yoon Choi and Gea-Jae Joo*
(Department of Biological Sciences, Pusan National University, Busan 609-735, Korea)

The wetlands have eco-sociological values because their functions have proven to be
useful to human society. Many countries are working to conserve and protect the
wetland ecosystems. However, many wetlands have disappeared or have been
fragmented due to a natural and/or anthropogenic disturbance. These isolated wet-
lands appear to work best in the landscape, as a spatially distributed system. We
have analyzed the spatial-social distribution patterns of wetlands in Gyeongsang-
nam-do Province (GNP). We examined the frequency distribution of wetland sizes,
the distances to the nearest wetlands, the shapes of the wetlands, land-use patterns,
land owners, and official land values were confirmed as social characteristics for
each wetland. A total of 146 wetlands (3,598.85 ha), including 76 riverine wetlands
(1,955.60 ha), 49 palustrine wetlands (1,282.28 ha) and 21 mountain wetlands (1,282.28
ha) were identified in GNP. Most wetlands left for use to drainage were small (<2 ha)
and located in agricultural areas. However, small and isolated wetlands were cluster-
ed, according to the location, indicating that these wetlands can be connected to
each other using the linear riverine wetlands and water channels in agricultural
areas. This is extremely valuable in maintaining the biodiversity, such that any loss
of small wetlands will cause a direct reduction in the connectedness among popula-
tions of the remaining species. Due to most wetlands belonging to the nation or busi-
nesses, being classified as reservoirs (water storage areas), and consequently, degra-
dation of wetlands will progress due to grand-scale engineering works. Therefore,
wetland policy and ecologically sensitive laws and policies should be developed in
order to promote the wise-use for wetlands.
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9] %) (191,860,656 ha)g H.35 - A=)tz glo}h(Ram-
sar Convention on Wetlands homepage, 2012). 3}*]=}
AeH F2Ad3 A Fge] dAE A 23 30~
40 Ho|7] el 2 7|7t Ftell JHzE, 2] AA A
A oz <ld] B FAE] A = &
|3)cH(Dahl, 1990). 2| Zell3= ¥kl F7ke wekal
7% Wske} A =Aole s, ol A9, AR
He} 5 A0 AAAsL Aedepdel 93¢ w3 9l
o} (Burkett and Kusler, 2000; Sala et al., 2000).
A BEIE $AE 48 TR £ e, 919
Qo] A% oz EAle7] Wl o F wAE WA
el o 4% Bk ook ¢ wAet] <)
A SAANA 2 47, BaAele) 2R, A%
o] 23}t (Mawdsley et al., 2009). E3] F-3]3}5
o] 13 E Ale|& o)AM= (discriminating distribution)
ohe A& $AEE As BAThe AL AR B
9 3o} (Semlitsch and Bodie,
1998; Gibbs, 2000; LelbOWItz, 2003). o|2] 3t &% A A]%]
7+ AAE Sl e AR sl HE 7| 2RI} eE
oJoF 3}31(Zedler, 2000), <27} ¢)=]3F =1k (matrix)ol
@b $Ae) A5 A} Sesl Wb 4 QelA &
A 7ol Exo| gt = AR J o7} gle (Mitsch and
Gosselink, 2000). =3t 5% A A = AF3]A - YA
A4 Ag3te] A 91¥ecles galr] ulel (Amezga
and Santamarifa, 2000) £%]2] 7}4 (Mahan et al., 2000)
3} o] 845 (Zedler, 2003) 5 t}AA oz AFs) oft
FA5 magHor wA 9 AT 4 9o
B AFelM= FA9 AR BAS $A19 ks
4 £ B2 AP inerabiit) & Sietsl) A9
7 A9) DA A%, EAhg, S2AT, EA 64
4 ‘;‘ AA R, FAAANE sheteteleh. A A%
o A =49 A ol gAHE e wub ohet
=A] §ANA 2 w7 e 5o 727k 5] wiol
(Ji, 2002) FAAQl EA| o8 W3 FA9 A =E
WAz WA3E FA 7 o} (Tang et al., 2005; Sims and
Schuetz, 2009). EX| A9} FAA|7} 9] EX]2] wiuj
o JbsAT A9 A e YT QAR ol
(Brady and Flather, 1994), %] 9129 EX]o]-gutd 1l
71X 7tel| = o3 8FS w) x| @.9le]t}(Lupi et al., 1991).
Yol Fx0] BeAY AL A3 EXY =& &
A ZgA o FAZWA = A Q18 A9 HAAH 7
A7t 5 AR FAEAANE agHoz MYy
QJsir= sl of & A}E}o]o} (Gupta and Foster, 1975).
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o =PI E e w0 weby =Aelg % )

A3 £ 3w AAma ol HA|o B
o= A= Slo F419 284 H2E s
= ojof & H1o|t}(Turner et al., 2000; Zedler, 2003).
2 drdlMe w29 2eHal He] 3wk
AAE7] QA 1) AT EAJL Tletslr] 23
A)9] 14, WA, e, 57 k9] A2l sersieleh. 2)
3 2x]9) A}3)A EAS ghetslr] Y3 547 9F
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2 AT E & a8A9 I W RAHKES
Xﬂ/‘] _]'7] ‘?’]—H}‘i 7‘:3]}‘01'11’3]'5:_ 'EX(;];,_'—CE]I LH 2y ‘].:ﬂ_ 9=
2} 1€] :6"7\1';91 “E“E 2 /\]—‘]XJ Exe glelsielch

A (National Wetland Center of Republic of Korea home-
page) & 20.61%S 2}x|sh= 19777} $1X|8led =
F479) 84 BAE et b folsieh A
Ad = AT W RBEsta sle A8 #d] 9
& AAYed YAGAZ AT ez AT
= 2 AT BFIBFAE Ao Al 2
Zahe 1797 449 WA 9A8 sotetel FA1=
& Agetodeh o) $AGHE nitew BN AT E
Az 3} (2001~ 20074, National Wetland Center
of Republic of Korea homepage) A= Y] $]%|3F 197
A A} vlmstel 290 44 55E skt
AR} F2AME B8 S 40 HAAH R} |
Mo oaApNslE wolt ol WolA GIS (Geographic
information system) Z 2 73] (ArcGIS 9.3)& o]-&-3}o]
EA]¥)E-% (Ministry of Environment, 2007), $~*] %3 =
(National Geographic Information Institute, 2005 revised,
1:25,000), FZAHRS FHe}e] A2 ARE 54819k
FAAAE FAAHE =S 7Nke g SFFARRl A HA] A
Ao Bxal= T2 AA 8T (Lyon, 1993; Min-
istry of Environment, 2011). =3t 20114 6Y9%E 8Y
VA Zb A2 vEsled GPS (Global Positioning Sys-
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tem, Triton5000) & o]-&3}ed X9} #AA (A2 BA
sholeh. ARl Al 4419) Ho] Al7tshe] 442 A
93 4 9= I3 gJITAH o7 AYE LA = E2A4
A QA Fom o]FA Fotw 14670 FAE 7 FA7F
AT Ao BAel wek XA, A, e
A7 F83} T (Ministry of Environment, 2011). 72+ §
Hol 5% 549 A4 ¥ 1% Selskn 479 Pz
S5 skl 419 914 % WA 5 dubEe &
2 ARG s 3akY X B|A R B9 o] %] (http://gis.gndo.
kr/)°ﬂf‘1 el 4 Qloh FA1 8] WA el W3k 7]
579 2 A 7] EAAtele BAZ2I9 R
(R Development Core Team, 2005)-%- o] £-3}¢t}.
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2. 5719 ATz 4

A9 AYA EEEAS Fosb] $s§ sitax=
(a.s.1.)¢} NND (nearest neighbor distance)Z Euclidean
Al E o] &3} AFE3}9lt} (Clark and Evans, 1954). <5

A FH e AFEA]-L 500 m =T (Buffer zone)S A
Asle] EX|¥)E-% (Ministry of Environment, 2007)¢} &=
Aokel D37 vl =X o & (5A o, AR, 2] 715}
IAZA D, $A, JA, 24 BAE AEskalct 7 4

Z| 2] 7% 4 (patch) EA1-2 73 FX]4=(Landscape index)
Z o]&3le] welslgdok (McGarigal and Marks, 1995).
£A]9] 7= E|x]4=<l Sl (Shape index), PAR (Peri-
meter-area ratio), PFD (Patch fractal dimension)$} 7}
A2 @M x4l TE (Total edge)E AlAbstHAet. 7 #A] 4=
= ArcGIS 9.38 == 7819l Patch Analyst 4.22] FRAG
STATS QlEjH| o] A2 0] &-3}9]t} (McGarigal and Marks,
1995; Rempel, 2008). 57157 A AA|52] Aol= &
A=Z=z 73 R (R Development Core Team, 2005)% ©]&
Blod HAFEA (One-way ANOVA)3E}I o} (Kindt and Coe,
2005).

s MFEAS) A8 54 24
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onnara.go.kr)®] ARAMNS Ea] 2AE A5 (Hel, ¥
QL F4 5% A% (A, F A9, Qok A A B,
FAAEOIY 19 1D)F Alshch A (r
221, A g, RA R A S 5 1170)3 A o] -
A 2 NEA e e R A AE (klis.gsnd.net/
sis/main.do)& o]&-3}e] w}elslgde).

A= AT W B2 g%l $AE 146704
3,598.85haz AAY= % =A (ca. 1,053,270 ha)2)
0.34% % A& (Fig. 1). AA FA9] HHdHA2
24.65ha+4.53ha (mean+S.E.)°|¢l1 FX|HA L %
W)= 0.06 haol| A 496.99 hao] it} A 1AL 4 (Q1) 7}
1.30ha o]tz <F 37742 A7} £33 =9 HAF
o] 20.59 ha (0.57%/% A" A)o| At (Fig. 2 F=x). A|24}
129]22(Q2) 4] 6.82ha ©|3}= 7374 142.87 ha (3.97%)
| 238E ] A= $IA3 FAE o WA e

N

Fig. 1. Distribution of wetlands in Gyeongsangnam-do
Province; Black area, wetland; Grey line, river;
CN, Changnyeong-gun; CW, Changwon-si; HA,
Haman-gun @ Upo Wetlands, ® Sajapyeong Wet-
land, © Hwaeum Wetland, @ Junam Reservoir,
® Hwapo Wetland.



zhghe}.

S FA7F 76704 (52.05%/F FANF)Z 7Y wel
T2}, v 5] 7F 49714 (33.56%), AHAFA]7F 2171
2 (14.38%) <=0]QATh. 57 2] WA % 313547} 1,955.60
ha (54.34%/% #AHA)oz 7} w31, w357t
1,282.28 ha (35.63%), AFA| %27} 360.97 ha (14.38%) 4=
ARt ¢AEFE FERALe FAGos Aels} ¢iA
u} (F=0.226, P=0.80), W] 3<%%]7} 26.17ha+11.45has
A yl3, s 45A]7F 25.73 hat4.15 ha, AR &R 7}
17.19 ha=+7.91 haglt} (Fig. 3).
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Fig. 2. Distribution of wetland sizes (n=146) of Gyeong-
sangnam-do Province.
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3 o)k &9 HFs T 126.37m+17.79m (mean
+S.E. as.l)2 AR|EA|7} gBy 2o nutus (560.62
m+55.94m)ell 912 917] wtel] HA 5Ae] 7
Wywr) =74 Jebdoh 28y vl £45%] (26.09 m+2.45
m)e} A5 (67.19mM+10.76 M) 2 X|del] 9]X]
&k glo} (Fig. 1 #=).
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b.7pe

A BBAF=

7=l 1A A FA FH EA 042 FPA A
o] 11,893.03ha (40.00%)= 7} w31, A =] <) (10,189.14
ha, 34.27%), 49 (2,376.80 ha, 7.99%), A|7}&}/7 x4
(2,001.88 ha, 6.73%), 44| (1,285.09 ha, 4.32%), 1}%|
(1,107.55 ha, 3.73%), 4] (877.81%, 2.95%) <=°| <}t
(Table 1). AFAI5A= 912 544 el AFA|7} 2,564.92
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Fig. 3. The mean of the wetland areas (ha) of each wet-
land type.

Table 1. Land-use types of wetlands surrounded areas (buffer zone 500 m). (ha /%)
Wetland types
Land-use types - - —
Mountain Palustrine Riverine Total
Urbanized area & dry land 21.57 (0.76) 648.81 (7.26) 1,331.49 (7.42) 2,001.88 (6.73)
Agricultural land 95.53(3.25) 4,341.36 (48.61) 7,459.14 (41.56) 11,893.03 (40.00)

Forest area

2,564.92 (89.98)

2,325.59 (26.04)

5,298.62 (29.52)

10,189.14 (34.27)

Grassland 143.92 (5.05) 216.72 (2.43) 517.17 (2.88) 877.81(2.95)
Wetland 0.75(0.03) 360.23 (4.03) 924.11 (5.15) 1,285.09 (4.32)
Brownfield 18.99 (0.67) 273.68 (3.06) 814.89 (4.54) 1,107.55(3.73)
Water body 7.96 (0.28) 764.82 (8.56) 1,604.02 (8.94) 2,376.80 (7.99)
Total 2,850.64 (100.00) 8,931.21 (100.00) 17,949.45 (100.00) 29,731.30 (100.00)
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Fig. 4. Landscape indices for each wetland type.

(95.53 ha, 3.25%) &0.2 %39} LA 1% u|qto|g)t}.
vl 342 0] FHol| = 7% (4,341.36 ha, 48.61%) 2} A1
(2,325.59 ha, 26.04%)7} $-*A3ste] B3}, 4~ (764.82
ha, 8.56%)3} A]7}&}H71 %% (648.81 ha, 7.26%) <=°]]
o} 4R o) FH Bx] 9A] $7A](7,459.14 ha, 41.56
%)= o] ¥ Fe] 7 A4 (5,298.62 ha, 29.52%),
4= (1,604.02 ha, 8.94%), A]7}3H71 %< (1,331.49 ha,
7.42%)0] &AWl EE3513 9l (Table 1 Z=).
ZAB/A 4 F SI H> sPAFA7F 2.37, v F454] 1.63,
AR 1.35 o2 P FA Y] Fert v 72 &
29} 2] Ad¥l 717k ;i% eld 4= 3l (F=36.84,
p>0.001, Fig. 4). PAR 3 5} 5% 7} 342,482 73
o1, vl 3452 428.89, /&ﬂ%ﬂ 637.9 =0 =2 3}H&A
9} AR|&R]9] HEl7} A= @etcl(F=4.37, p=0.014).

1
Tl

PFD -2 v 35X 9} AR GA 7 442 1.342
A 31 (F=3.26, p=0.041), 33 45A]7} 1.375 o=
Fuch Jud 34l ek TE AFE SAEA7
3,613.44+314.90 (mean+S.E.) 0.2 7}A =31 ALX|5X)
1,210.86 +340.839}= x}o]7} 9)giv}h (F=3.51, p=0.033).

o] 7}

SA%

3. W FE219 34 £A4
A= A3 v FHA| = 7k} 2070 4 (40%/
AA i F5A AR ANe7E 7 weke (Table 2). 31
A=t Z7FAS0 wlE&=]o] WAL 531.45 ha (40.36%/
AA o FH5A HA2 MW 2Fo] vl F5R|4l 631.87
ha (6714, 12.00%/31 A ) F<5%] 704> 47.98%/ A v 5
FA WA R Foh 70 HAdaRe] $A17F AA
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Table 2. Land categories and land ownerships of wetland areas.
High Low
Lc
. Total
Vulnerability Lo Agricultural Hybrid Complex Water storage
land land category area
No Area (ha) No Area (ha) No Area (ha) No Area (ha) No Area (ha)
High PI 3 9.24 2 0.64 1 4.08 4 25.25 10 39.22
Pc 0 0 2 11.48 0 0 0 0 2 11.48
Cl 0 0 1 0.17 0 0 4 20.85 5 21.02
Co 0 0 2 1.13 0 0 4 630.74 6 631.87
Np 0 0 0 0 4 35.52 2 35.52 6 65.05
Low NI 1 75.12 1 0.32 5 343.59 13 112.41 20 531.45
Total 4 84.36 8 13.74 10 394.00 27 824.78 49 1300.09

Lc, Land category; Lo, Land ownership; No, Number of wetlands; PI, Private land; Pc, Private-corporation land; NI, National land; Np,

National-private land; Co, Corporation; Cl, Clan land

Table 3. The use of district and restriction of wetland areas.

High Low
ud Total
Vulnerability R
Ur Non Ar Ma Mr

No Area(ha) No Area(ha) No Area(ha) No Area(ha) No Area(ha) No Area(ha)

High Non 1 9.65 1 75.19 6 117.81 2 24.60 11 69.25 21 296.50

Er 4 29.98 0 0 10 572.05 1 34.60 10 79.90 25 716.52

Sr 1 5.29 0 0 0 0 0 0 0 0 1 5.29

Ca 0 0 0 0 0 0 0 0 1 12.28 1 12.28

Low Wc 0 0 0 0 0 0 0 0 1 269.51 1 269.51
Total 6 44.91 1 75.19 16  689.86 3 59.20 23 43093 49 1300.09

Ud, Use district; R, Restriction; No, Number of wetlands; Ur, Urban region; Non, Restriction undesignated region; Ar, Agricultural region;
Mr, Management region; Ma, Management region and agricultural region; Ca, Cultural conservation area; Er, Restricted install the emission

facility; Sr, Restricted raise stork; Wc, Wetland conservation area

w2 0] 88.33% (1,163.32ha)E A5k 7l
20 Wi EEAE 10AE FAUNeE wout WA
(39.22ha)> Fot el B Wl &f2 FFFAAZPE
AR o] Qi 34709] miF5A 9] FFFAIA 7= 3.3m?
ot 12,556.94%] (S.E. 2,129.47¢)e = FA4A]7l+= 1,150
A (/-3.3m?), HRA71= 67,5004 (/3.3m?) o]} A4l
Afel 34419 F 2A74AL of 124909 (39.22ha)
o2 AL

W EEAS) AT f2 (B PR Fo| 2774
(54%/3 A v E5A] 714, 824.78 ha (66.63%/Z A v &
FA WA R g, A, = 8, A EERE) 5ol F5
Shof AME BRI A (107)4, 394.00 ha), HEA] (87)
4, 13.74 ha), =73 A (471 4, 84.36 ha) <=o| it}

A48} A5 TRisked Ate <ls) A& we )

9 5 kel 4 ¥ ST D AALRZ 2) ¥

¥ 5 FAAE AAE ez AP 9.24hag)
o Fepd o] 7t e FAE 1) F7ERE 2) A Fo
SA 2 A A= 137] 4 112.41 hao|t}(Table 2 Zx).

ZF A7 A8 e AGES] S=AGe HA A
o7 AAE Fo| 2474 (48.00%)% 7F w@AuL, @t
£A WAL 2917 (689.86 ha, 52.39%) 0.7 A%
7} slvh(Table 3). &= 0] =412 Hel| 133 wj
67} (44.91 ha)°] it}

o] gA TS 3 wEAIHAAAATA G o2 AHE X
o] 257} (50.00%) 2. 716.52 ha (54.41%)9l| 3=} ¥
o]-gAIZ AFglo] A|AF o] QA ok ol 227) (44.00%),
313.29ha (23.79%)el] o]t} Sx=xe W Exp W
o] A ZAflel whE FofAd2 3) =AA $A3 ol
™ 4) Algkeqle] $ 13%(9.65ha)o| et FHeFAd o] 7}
A2 $AE $AEATY BRI ez A

ol

2 o

F47)
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2]9] o]z o= QA W2 A el
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A3k} (Joo et al., 2008). °l‘v’1‘i AelA FAE @
A olgatr] lsiAE sl A waks
A S Fgste] 2 FA]el FH%P o8 =E W=
o] $A=|ejef 3} (Zedler, 2004). o] 9} vl Eo] vtH
e 13E FAES A FA AMAA 3 dF
< ¥l AMAA S A #E7E sl (Amezaga
al., 2003; Gibbons, 2003). Williams et al. (2003)-2
AN TRE $AE AL FUE 52 4
g oleEzz AZstd FAAAL WEGFALH
YRS AT 5 deka AAT v} ek Ad=e)
A FHel WRR £7 ol 91X3) glo] Y ol%%
23 ozl Az A" 7 =& FXE AZ2E
4 d=H(Washitani, 2007). 34219k 47 =2 A ket
53t ol F Az 7 ol AT SAARL) 4B
SFA AAaell Qe wA7] Wil 24 =& B 5
2 7b A AFAHY Sulell glok(Lawler, 2001). =3k
A= W AT AR L R DFed o
5 N4z Aol nn-% shom, shalst Sz 7ke) Wit
7} 5

N

=

ox 1 Y of kn

~+

€

o2
2 of

oy 2

2GR, T % %4%7‘3.‘1 4_%1*—‘.249} A 714
(matrix)el 47 =o] Fi=§& FAsld HA 719 92
e o AEUFEE FR8k A7 Aol
A Y 4 ¢lv(Gibbs, 1993; Schooley and Branch,

A Ao YAg $AES F7F = WA (E
) 2fQl o] dRReloh A9 AEF 4=

FA g oz HAA =] gle] & Ao
w BMER o437 Sl A&

I $=2A49 55 WA= ool vk vlge] A
Admelr AR 2% 20208744 FES| FHAsEt
Ak AR Az $13 EASe 3K e
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