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Abstract: The research area, located in the northern coastal region of South Korea’s West Sea,
involves three bird habitats. Among these are two newly established habitats in Songdo International
Business District, created by filling and developing tidal flats that were previously utilized as
stopover sites for migratory birds. One of these areas showed decrease (Residual tidal flats, site.1)
while the other showed increase (Artificial lake, site.2) in bird influx. The third habitat (Namdong
reservoir, site.3) is a pre-existing stable habitat which has been maintained as a stable habitat. This
study conducts an assessment of habitats based on avian population clusters and environmental
surveys and proposes habitat management measures. A survey of bird populations and habitat
environments was conducted for a total of 39 occasions from January to December 2022. The observed
bird species totaled 14 families and 48 species with 20,760 individuals. Compared to the existing
habitats, the newly established habitats showed relatively lower influx of bird species and
individuals. During the habitat assessment, the newly established habitats were rated as I to Il grade,
while the existing habitat was rated as relatively high IIl grade on the grading assessment of the tidal
flat. An analysis of habitat types revealed that the existing habitat, in which diverse strategies for
habitat type diversity and mitigating anthropogenic interference were demonstrated, attracted a
diverse range of bird species. Through this research, it was deduced that the diversity of habitat
types plays a significant role in attracting various bird species. Upon evaluation of habitat types
concerning the habitat characteristics of the bird species selected for habitat management, as habitat
management measures, it is deemed that the creation of shielded green areas (referred to as ‘buffer
green’) to minimize interference from the surroundings, the establishment of reed fields (site.1, 2)
positively correlated with reservoirs, and the improvement of sandbanks (site.1) positively associated
with tidal flats, the two relations which we drew from correlation analysis between occurrence
species and habitat types, would contribute to the future restoration and maintenance of stable
habitats. The results of this study can be applied not only to the study area but also to other
development zones, such as coastal reclamation sites, which share similar geographical and

environmental characteristics, including arrival sites for migratory birds.

Keywords : Habitat type, Habitat Management, Grading Assessment of the Tidal Flat, Diversity,
Correlation analysis
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Gt A=A S Alsetra 4 A e
(Mitsh & Gosselink 1986; Barbier et al, 1997;
Zedler & Kercher 2005; Ghermandi et al, 2010;
De la Hera et al, 2011; Blackwell & Pilgrim 2011;
Horowitz & Finlayson 2011), 7|2 o1k &2 A4
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2002; Schekkerman et al, 1994), A1z o] H3L
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U AABkE 39 4ol 2ok 4 9UrkKwon YS
et al. 2007; Kim IK 2008; Kang TH et al. 2008).
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X
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AAAAGLY o 2 4= 71(2003,8.11,), 19944 7
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7} o]F01 3L glom 2030 7HA] 2/3E ool 9k
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2AE t A2l AR 2 & 4= 9lth(Incheon Free
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AA] 27) 2 (site 1-RHEAH, 2-Q1F3 549 A A
Az o] gl ot Aof whef A 2 24 E AL A

Table 1. Investigation sites of the study area

Name of Area . L
Area ez Location Investigation sites of study area at Songdo, Yeonsu-gu, Incheon, Korea.
25 "
Ml.ldﬂat 77456 Songdo-dong, @
(site.1) Yeonsu-gu,
Incheon
400
Artificial lake Songdo-dong,
(site.2) 71.346 Yeonsu-gu,
Incheon
Namdong . 7i
. Gojan-dong,
reservoir 76.917
. Namdong-gu,
(site.3)
Incheon
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Table 2. Scoring by the 5 criterion on mudflat

Supporting birds less than 5,000 | 5,000-10,000 | 10,000-20,000 | more than 20,000
Protected bird species 0 1-4 59 >10
Population size of the protected birds less than 10 10-100 100-1,000 more than 1,000
Waterbird species over 1% level of the survial population 0 1-4 59 more than 10
Waterbird species over 1% level in korea population 0 1-4 5-9 more than 10

Table 3. Grading level of 1-5 by total score of 4 or 5 criteria by birds on mudflat

Total score by 5 criteria Total score by 4 criteria Grade
More than 13 More than 11 v
10-12 8-10 v
7-9 5-7 11
4-6 3-4 II
03 02 !
FEEE 20219(109)~20224 (129744 AL H = 4) MAAFBEA
FEAAALE v o2 4 553k of85k3ith HAIR] 080 BAE T AAEEEA] E 2Hur
(Table 2-3). A0I9) T th-FERoA 7 $9 Bl

Table 4. Analysis of habitat types by study site

. site.1 site.2 site.3
Habitat type
Area-hectare (%) Area-hectare (%) Area-hectare (%)
Reservoir edge Re - 17.888 (25.1) 15.597 (20.3)
Reservoir center Re - 41.921 (58.8) 16.773 (21.8)
Sea water Sw 5.858 (7.6) - -

Tidal flat Tf 68.574 (88.5) 8.597 (12.0) 10.716 (13.9)
Sand bank Sb 0.969 (1.2) 0.964 (1.4) 1.623 (2.1)
Artificial structures As 2.055 (2.7) 1.976 (2.8) 0.832 (1.1)
Reed field Rf - - 17.173 (22.3)
Artificial island Ai - - 0.299 (0.4)
Buffer green Bg - - 13.904 (18.1)

Total 71.346 76.917

[ Reservolr edge

Reservoir center
Tigal flat
/7

Sand bank
Artficlal structures
Reed field

Artficlal Istand
Buffer green

Sea water
Tidal fiat -1
Tidal flat -2
Sang bank
Artiicial structures.

Reservolr edge
Reservolr center
Tidal fat

Sand bank
Anical stuctures

P o

site.2 site.3
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3 EAE Y OAA] 7A] (Reservoir edge—
Re), @A 4R %9 (Reservoir center—Rc), @35
H(Sea water—Sw), @709 (Tidal flat—Tf), ®Xf &
(Sand bank—Sb), @t 2E (=522, Artificial
structures—As), DAFAZA] (=2 H]<z, Reed field—Rf),
®FY (=154, Artificial island—Ai), @&Z=4]
(Buffer green—Bg) £ 97l §F O & JLESIHIL, X
W 4(site.1)~87M(site. 3) A XA G o] ZAME AL
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Al F oA, #A, SREASY Bt 4
olof Hstef FAA folde FUstiLA ANOVA
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(Analysis of variance) 412 AA|5}9ITH

1%

Shi]

r{m

o ot
wE Y ol

L 23 5 33
1. ZAR|S FF| 25 g

i?ri & 8E 14J—]r 480 o4d —4"417ﬂxﬂ 94 o
20,7607 A1 St site.1, 201 M= & F4 234
2 1150] =T, site 30I4= € Z 173
o g2 Fol ERIE STt AA AL site. 1= &
28%(3,9677A), site.2+= & 25%(1,7537A)0] &+
Qe HHA, site. 3(HEFA1)S & 395(15,04071
Aol B1Elo] A Fak A= 7]E site, 3]
site.1, 2] B3} F-2 2|4 1,48}, 7HA|4= 3.84) o]
AL glolx]o] AljF o2 oA E AAXE Ho|1l
Ach(Figure 1).

8% 9 SHER.D.)= ¥old 7] (Larus
crassirostris) 3,8517HA(R.D.;18.6%), BHH T2
2|(Anas poecilorhyncha) 3,2677§4|(R.D.;15.7%),
S B3] @ 2] (Tadorna tadorna) 2,66070 A (R.D.:
12.8%), A1\ (Platalea minor) 1,64070 AR, D, ;7.9%)
o8 R $ERRE g/ R gRlE L 2740]

Species of Day

o122 01-Feb22 01-Mar-22 01-Apr-22 01-May-22 01-Jun22

01-Ag-2 01-5ep-22 01-0ct-22 01-Nov22 01-Dec-22

—u -site.1 -3--site.2 —e—site.3

Indiviuals of day

01-Aug-22 01-5ep-22 o1-0ct-22 01-Nov-22 01-Dec-22

= -sitall JFa-8fte2 Fe—site.3

Figure 1. Comparion of number of species and number of individuals in each study site in Songdo
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Table 5. Dominant species observed and relative abundance in the study area

Scientific name Korean name Ir(lgl \S(T};?)ls 1 s1;e. 3 S-Mig.* | note** (gg]li?g)
Larus crassirostris | 3§o)zkalj7] | 3,851 (18.6) | 2,662 (67.1) | 486 (27.7) 703 RES o
Anas poecilorhyncha | 31#F7% @ 2] | 3,267 (15.7) 90 38 3,139(20.9) | RES o
Tadorna tadorna SH e |2,600(12.8) | 260 (6.6) 13 2,387(159) | WV A
Platalea minor A o)A} 1,640 (7.9) 71 32 1,537 (10.2) SV N, EIl o
Anas clypeata R i=R 1,138 (5.5) - - 1,138 (7.6) | WV °
Anser fabalis 27197] 1,133 (5.5) - - 1,133 (7.5) | WV EIl *
Phalacrocorax carbo| W1&7fap9-%] | 1,094 (5.3) 99 202 (11.5) 793 (53)| WV [
Anas platyrhynchos =0 938 270 (6.8) 39 629 'A%
Aythya ferina 3 =A] 961 39 276 (15.7) 646 \AY%
Mergus merganser H] 2 7] 302 1 220 (12.5) 81 WV
Egretta alba Zou g 336 56 109 (6.2) 171 SV
Anas crecca A e 1,003 - - 1,003 (6.7) | WV

*S-Mig(Seasonal Migration) : RES-Resident, WV-Winter Visitor, SV- Summer Visitor
**note : E.-Endangerd birds, N.-Natural monuments

1000
900
300
700
600
500
400
300
200
100

---4--- Phalacrocorax carbo —a8— Platalea minor

—&— Anas poecilorhyncha ----@--- Anas clypeata

---4--- Anserfabalis

Aug

Sep

—&— Larus crassirostris

—a— Tadorna tadoma

Figure 2. Monthly fluctuation of dominant species of waterbirds from January to December, 2022 in study area

AN FHE 5% AT F2

3=

ol

nj7], S|z WE7Re-A] 350 tHTable 5,

Figure 2).

2. MAEES nafst

site. 12 =2 -EH A F(Sh)7t 8Zo2 7}
D)2 A4 2 2F(Da)
3~4F 02 Ikt site. 2% Ay T4o EAY
T 2RV OF, A QYR TSR HiF

X1R)FAIL, site,3E ThoFat AAlgA o0&

o, #Ad

o

A~ =
TR

3

Olol

o3
52

=R A [ o)

4 7

AP ol A T A H S
A o|Afe] 7$- site.3
Hl4o] A]&2) 0 7 o
Ak 230% ol WI4Js

o

HHAZ $A8

oL
>
N

27 19%, 1 9 £9-
715 (Gu7t 4~65 02

E

=
=
g



396 HFEI M32E MeE
Table 6. Comparison of number of species by birds group during survey period
o No. of species (observed frequency) 1009
ite. a00
Di Da Eg Sh Gu La -
1| 3(13) | 4(17) | 531) | 8(18) | 4(18) | 4(5) | ..
2 1 943) | 7(16) | 428 | 1 4 | 3(17) 1(2) %
1
376D | 1264 | 560 | 5 () | 6@ | 41 Sred Ste2 ote
SO (64) (30) ) 24) (10 BD mDa OFg ®BSh BGu Mla
*Di (Diving waterbirds), Da (Dabbling ducks), Eg (Egrets), Sh (Shorebirds), Gu (Gulls), La (Land birds)
Table 7. The list of species of natural monuments and endangerd birds
Korean name Endangerd Natural Site i
(Scientific name) birds monuments 1 2 3 Wit | A
=gFR2] %] o A (Platalea leucorodia) I N 5 4 9 A%
# o N (Platalea minor) I N 71 32 1,537 1,640 SV
271287\ (Anser fabalis) I 1,133 1,133 WV
A oM (Aix galericulata) - N 1 1 RES
3] 11 2]4>2|(Haliaeetus albicilla) I N 2 2 4 wv
Ao 2| Z | A (Haematopus ostralegus) I N 60 21 2 83 RES
Ao 22w 7| (Larus saundersi) 1I 29 2 31 wv
2 A2} 7| (Sterna albifions) I 1 3 4 SV

*S-Mig:Seasonal Migration (RES:Resident, WV:Winter Visitor, SV:Summer Visitor)

4. ZARIZE] X4+

1) A
FTUhYEe AA| 1.43~2.56, Fals=e 0.43~
0.74, TFFE+= 3.21~3.942 EA = 0] site. 3%
o) jeEg} ERES AT H LR £, AN}
T A4 AT o] HAH]7E frARE site, 30] 1.73
02 MAAFEES} FHE 3 site, 3] site.1, 2

ZAA% R AN BY

=~

Hz

H

FA5EE 0.59~0.74% site 27}, EFH =+
1.68~1.99% site 37} A2 =A A=t
(Table 9).

A AR A A4 244, Biodiversity
Index (H)& §-29J3+& 0,672, Evenness Index (E)
L 8 o3& 0,083, Species Richness Index (R)& &
oJ&E 0.3622 FJ&E 0.050140.2 FAA o] 3l

of A7k BAEAE AAIE 4 Ila, A AT 2

pua = =
of wls A 4= ArHTable 8). ZAAAZE FAgHE2 0.05 oYYl Biodiversity
A FriPEL HF 128~1792 site.30],  Index (H)EF ZAPIHZE ol7h whageki Ao R 1}
Table 8. Analysis of cluster index and habitat index by survey location
Biodiversity Evenness Species Habitat Habitat Habitat
site Index Index Richness Index Diversity Evenness Richness
(H) (2] (R (HDI) (HEI) (HRI)
1 (Mudflat) 1.43 0.43 3.26 0.45 0.33 0.69
2 (Artificial lake) 237 0.74 321 1.07 0.67 0.94
3 (Namdong reservoir) 2.56 0.70 3.94 1.73 0.83 1.61
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Table 9. Month wise species diversity index during survey period
Index Site Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec
o 1 1.68 1.15 1.22 1.53 1.89 1.3 0.52 1.04 0.88 1.05 1.66 1.45
Biodiversity = = I 6 195 | 202 | 186 | L15 | 125 | 067 | 120 | 169 | 1.89 | 243
Index (H")
3 1.70 1.89 244 22 141 1.17 1.46 1.63 1.22 2.31 2.20 1.86
1 0.81 0.46 0.47 0.57 0.82 0.81 0.27 0.45 0.49 0.48 0.80 0.66
I];:Leer)‘(“(egs) 2 | 074 [ 061 | 081 [ 097 | 085 [ 055 | 069 | 032 | 075 | 0.87 | 0.79 | 0.90
3 0.63 0.79 0.80 0.78 0.59 0.56 0.70 0.68 0.51 0.77 0.73 0.69
Species 1| 129 [ 178 [ 206 | 297 | 226 | 128 | 112 | 163 | 1.04 | 153 | 146 | 171
Richness 2 2.35 1.95 224 | 282 | 233 1.33 0.98 1.44 1.00 1.52 | 2.13 2.78
IndexR) 37 17237 [ 164 | 317 | 245 | 164 | 108 | 1.05 | 149 | 159 | 271 | 251 | 217
Table 10. Test of homegeneity
Index Levene Statistics dfl df2 P-value
Biodiversity Index (H') 0.403 2 33 0.672
Evenness Index (E") 2.681 2 33 0.083
Species Richness Index (R") 1.048 2 33 0.362
Table 11. One-way ANOVA between survey points
Index Sum of squares df Mean square Il P-value
Biodiversity Index (H') 1.606 2 0.803 4.260 0.023
Evenness Index (E) 0.133 2 0.066 2.665 0.085
Species Richness Index (R") 0.625 2 0.312 0.811 0.362
Elutl, 71 9] Evenness Index (E), Species Richness 2) SAIEEA
s orL
Index (R)= AR 2po|7h TAYSHA] Q= A& AR A7 Horn's SAMES site. 17} 2 AFo]

2 YERGTHTable 10, 11),
/\}_§_7d xég EgH 7} 8LE&1 _71\_/\].7\] X47]— ;‘(]_o] o A

St.SOM Bolkz (.05 oY & 2}o]7} HrAE= A

o SQER, T 9 FHE, 2AHE Holk

WA h A0

2 vepe,

Table 12. Horn's community index (Ro) of each survey area

3k A3} Biodiversity Index (H)o|A] St. 13+

O] A=A (Ro)=

ChebRa, A2 Ale} b]
(2013~2022)2+=

0.64% site, 13} 30 B]5} =4

7]

wof A A
H& 0,58~ 0.69, $&

[e) =2 X
=HE2FA

A& 2

A

T EE(2012~2015)2F= 0.50~0,552 YRRt
(Table 12).

site. 1 2 3 4% DR

1 (Mudflat) - 0.64 0.51 0.58 0.50

2 (Artificial lake) - 0.60 0.63 0.51

3 (Namdong reservoir) - 0.69 0.55
4*(2013~2022) - 0.71

5% (2012~2015)

*4)2013~2022 Winter Waterbird Census of Korea. “Songdo”

**5) 2012-2015 Monitoring of Songdo Tidal Flat Wetland Protected Area.
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Table 13. Grade by the scoring of the bird data of the mudflat of study area

site. 1] Scores Grade
1,406 5 62 0 4
1 4 I
0 2 1 0 1
755 3 31 0 1
2 3 I
0 1 1 0 1
5,605 8 920 1 13
3 9 111
1 2 2 1 3

*[I -supporting birds on mudflats, [2]-protected bird species, [3]-population size of the protected birds, [4-waterbird species over 1%
level of the survial population, [5]-waterbird species over 1% level in korea population

e

x5 2 A4

L site.3 (5,60570A),

site.1 (1,40671A]), site.2 (75571A]) <0191, HE

2 site.30] 8F (92071 A])o] o] Ele] BT}
wston], 1 A BEAAES) 1ol Fol s
A4 site,3 154101 2ck, 2 sited] that 2

HEFH 7 AT site,1 [T

5528 B7H= $th(Table 13),

s, site.2 I54, site.3

6. MAX| 7

) A4A $9

(I./ha) &4

site. 12 2 47] AA1A] S o7 AH4 o]dLe A

9H(78,9%) 2} i<~
(198, 774A)e] 7

EET

A

OJYIN.L) H AAEE

H(17.9%) 420193 AU =X 3
=9t} site. 2= 570

o
$90

2 A o] HA 7}”?%?4 (37.2%), A=A &
L E(519.7704))
o] =9k}, site, 3 % 874 H*—}Zli o] thaFstal

G(21.9%) olhaL

al, J]A]ul

Table 14. Analysis of habitat types, influx of individuals by habitat type, and habitat density of the study area

Habitat type site.1 site.2 site.3

A-ha (%) | N.IL (%) I./ha A-ha (%) | N.I (%) I/ha A-ha (%) | N.I (%) I./ha
e |- |- e aT s e
e || e R e
S A T I N N N -
v S e S e e e
o | e | ey | e
NI IR IR
w |- |- e e
Ai - - - - - - 2)249)9 (?’582; 12,819.4
w | - | - - | - - e
Total (N.I.) 77.456 (6,769) 71.346 (2,716) 76.917 (24,776)

A-ha:Area-hectare (%), N.I.:Number of individuals, I./ha:Individuals/hectare
*Re:Reservoir edge, Re:Reservoir center, Sw:Sea water, Tf: Tidal flat, Sb:Sand bank, As:Artificial structures, Rf:Reed field, Ai:Artificial
island, Bg: Buffer green
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3L A=A ol A] 62.3%, site.32] ILF- A4 A2 < wOo & Foldo] Qlglar, HHIf A4=2] 7paAte o
S41(15.5%)2F A4(13.5%)9] o]do] 2l et A A =2 A 56.2%014F BHIE Ak, A4
MAY L Sleg 12,819 47HA| 2 Q1EA0] 714 = 5%0)d Eelfste AF AAA F3E AAA] o
kAL, A=A 7R (709.6), A4A1F%(259.8), = £E5 B4 ol 47| 7k A (62.7%) A Sk
P E(248.9) 5] 40 & =9FtH(Table 14), Hse27h A4=21(62.8%)2F A4:(28.4%) 1A =

2 Ol 8ES B, SR e AR 7R

2 AR 7D F Ik TR EATANNA (65,79, 208.4%), 2420192 Azt
T3 ol 8dF WAREE 2 Aolih7h B4 (63.8%)7 AH(20,1%)
A AN S8 WA 305, ASK P S 2 o R59a, 27)87) 4K (76.3%)9 2

2] 27, 1 o AeA $94, 2l A3, Ads t<2(15.5%)& ©]-83t%ItHTable 15).

Table 15. Species influx by habitat type and utilization status of major species by habitat type

Habitat
o wPel Re Re Sw Tf Sb As Rf Ai
species
No. of Species 27 25 12 30 17 9 16 11
No. of Individuals 1(;2’;(6))2 (51’2677) 1,164 (72’3025) 1,021 256 39’3;50) (?18?3)
Larus crassirostris 419 11 (1§.679) (36’3676) 531 177 84 272
Anas poecilorhyncha (421,52;‘ (1322) 19 246 62 (12’3843) 98
Tadorna tadorna (2’53(7))7 167 115 (1222) 27 11 (; ?? 27
Anas clypeata @ 68 Z)9 ( 43329) 65 25
Phalacrocorax carbo (1 522)1 60 3 (1?49) 27 16 63 ( 53?15)
Anas platyrhynchos G 55‘2‘)5 112 82 (2;572) 98 (1%.502) 63
Aythya ferina p 82;)3 (17;273) 29 10 10
Mergus merganser @ 11' ;)9 (7315; 1 1
Egretta alba (271'3)9 6 (2;505) 48 25 (1;?75) 42
Anas crecca (4 67 8)3 ( 4[71‘118) 147
Platalea minor 234 (28.115) 29 243 (162.336)
Anser fubalis (;902)6 (12,18(; 82 69 (1?55)

*Re:Reservoir edge, Re:Reservoir center, Sw:Sea water, Tf:Tidal flat, Sb:Sand bank, As:Artificial structures, Rf:Reed field, Ai:Artificial
island
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Table 16. Analysis of dominant species and climate-sensitive biological indicator species in the Songdo area

Winter waterbird Monitoring of Findings of the
census Songdo* Songdo Tidal Flat** Current Study
Major species o - Noh S-Mig. note
individuals H(G0) individuals RD (%) individuals RD (%)
Tadorna tadorna 9,690  (9.23) 2,068  (2.54) 2,660 (12.81) WV
Anas platyrhynchos 15,508 (14.78) 4,582  (5.63) 938  (4.52) wv
Anas poecilorhyncha 7,513 (7.16) 5965  (7.33) 3,267 (15.74) RES
Anas crecca 6,358  (6.06) 2,165 1,003 (4.83) \a%
Anas clypeata 5,009  (4.77) 1,634 1,138 (5.48) WV
Aythya ferina 12,584 (11.99) 2,032 (2.50) 961  (4.63) wvV
Calidris alpina 6,141  (5.85) 17,824 (21.91) PM
Numenius arquata 4843  (4.62) 4360  (5.36) 32 PM
Larus crassirostris 6,206  (5.91) 6,132 (7.54) 3,851 (18.55) RES
Ardea cinerea 383 564 301 Y CBIS
Egretta alba 105 604 336 NY% CBIS
Egretta garzetta 2 192 18 NY% CBIS
Anser fabalis 1,274 433 1,153 A% CBIS

*2013~2022 Winter Waterbird Census of Korea. “Songdo”

**2012-2015 Monitoring of Songdo Tidal Flat Wetland Protected Area.
RD(%):Relative species density (%), CBIS;Climate-sensitive biological indicator species (NIBR, 2010)
S-Mig:Seasonal Migration (RES:Resident, WV:Winter Visitor, SV:Summer Visitor)

4 2ol A £E A o)A Eeolw

4 09 55 5 5958 BRIT
WSt chS5t7] Slah 2

Z(CBIS; 14%)7 Ko o]
]_

71 A 713

o8 AAstglchTable 16),

tlo
W

D) F0% 44 U A BeIE 9 =

138 o
HAl4> S A 37] AFmol| A R 9] £
?Eliﬂl Feee, Holdul
7 E)
31, E3 7|3
B} Ay
B oA gl
7he], FUHE, AWE Z7187]) 5 F 13%

T2 A HeR o=l e Bl F 1
3)AA o] AANA7F AR Sh= Bl&o] A = A
ol 1u|gro 2 Fa|gjAro 7 Helela] ke
AR, EA 2 A4l T84 B7HlA
198 50%0|5t2 geld 4229 HHAel 225
& Holu] ti o] AAA] follA WEE F(Y
o], Holzu|, AEFe), 1 ¢ A of¢
A AA 2R Sh= HE&o] 1% 9= BaE F(H7T
g, S, AMR)e ARG AR
off 2gstA] 2 Ao BAE o Al efskrt. 9 &
A& Tl A9 Aol SohiA 7] S HekA wE
HEQ 7R BIFOZ AP HSE I Q=

718 HEFLE e, |aRe,
4TI AR 2ARE F3 AR AEA S

<]

ru om
N

ok ;9

v
I

o fx 7
)

u
1 ot

ot mﬁ oAz Y 23 (MEER
9) 5 2 658 A4 TS A 2850R z‘ﬂ%

’ﬂ%‘ﬁ}‘i‘iEP(Table 17).
MAAY Zdiste 8 $AFT ALTAS B
At ATt oz
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Table 17. Selection of bird species for habitat management
Reason for selecting key species Criteria for determining suitability
Major RD Reflecting the | |, d D Hal?ti_tat— 3)bSpeci<(:is Selection | ¢ \ . .
species o,y | CBIS | orginal habitat rotec.:te Speettie 2) Universality observe result '
(5%) characteristics | SPECieS influx rate at less
(less than 50%) than 1%

Tadorna tadorna o 6 (100%) N WV
Anas platyrhynchos| o 6 (100%) o WV
Anas poecilorhyncha| o 6 (100%) o RES

Anas crecca o o 3 (50%) WV
Anas clypeata o 4 (67%) N WV
Aythya ferina o 4 (67%) N WV
Calidris alpina o o - N PM

Numenius arquata o o - N PM
Larus crassirostris | © 6 (100%) o RES
Ardea cinerea o - o NY%

Egretta alba o 5 (83%) ¢ SV

Egretta garzetta o - o SV

Anser fabalis o o 4 (67%) v WV

RD (5%): Relative species density (Approximately 5% of the total occurrence individuals)
CBIS: Climate-sensitive biological indicator species (NIBR, 2010)
S-Mig: Seasonal Migration (RES:Resident, WV:Winter Visitor, SV:Summer Visitor)
Table 18. Person’s correlation between major arrival species

Major species A B C D E F G H I J K IL
Larus crassirostris  (A) 1
Anas poecilorhyncha (B) | -0.233 1
Tadorna tadorna  (C)| 0.119 | 0.821* 1
Anas clypeata (D)| -0.229 | 0.688 | 0.591 1
Phalacrocorax carbo (E) | 0.033 |-0.076 | 0.042 |-0.101 1
Anas platyrhynchos (F) | 0.371 | 0.794% | 0.912%*| 0.469 | 0.010 1
Aythya ferina (G)| -0.264 | 0.308 | 0.063 | 0.835*%*|-0.177 | 0.019 1
Mergus merganser (H)| -0.272 | 0332 | 0.094 | 0.853**|-0.167 | 0.042 | 0.999**| 1
Egretta alba (I | 0.551] 0561 | 0.725*% | 0.096 | 0.122 | 0.893**|-0.308 |-0.287 1
Anas crecca @) 1-0.179 | 0.758 | 0.676 | 0.988** |-0.191 | 0.665 | 0.769 | 0.786 | 0.286 1
Platalea minor ~ (K)| 0.121 {-0262 |-0.129 [-0.320 | 0.981**|-0.112 |-0.313 |-0.315| 0.037 |-0.322 1
Anser fabalis (L) | -0.178 | 0.934* | 0.929%* | 0.753 |-0.119 | 0.803* | 0.286 | 0.312 | 0.498 | 0.813* | -0.263 | 1
Person’s correlation r: ¥p<0.05, **p<0.01
(=0.999, p<0.0I), BFO L% FHe0el0=0912, 3 ANARFL HVBAS 5 AN 32 5
p<0.01), Aelfet PE7HR9-2](r=0,981, p<0.05) wepet
Fol o] HBUWAS NGT, o] F REFOR A AAX $IL AVWAS 24T Ao fol
e 2719719 559122 (r=0,929, p<0.01)9}+ & & 90%0) 7 o= dhe MARRE S AeAl 7
279} YR (r=0,835, p<0,00) EFF 013 &F AR (Re)oh A4 (RE, 10,640, p<0,05), <=1
O] W BAE Hol= A 02 YehthTable 18). (Sw)I} HA(TE, r=0,992, p<0.01), B225(Sh)2t A
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Table 19. Person’s correlation between Habitat types

Habitat type Re Re Sw Tf Sb Af Rf Ai
Reservoir edge (Re) 1
Reservoir center (Rc) -0.027 1
Sea water (Sw) -0.073 -0.430 1
Tidal flat (Tf) -0.031 -0.496 .992%* 1
Sand bank (Sb) -0.156 -0.400 .984%* .952%* 1
Artificial structures (As) -0.326 -0.759 983* .966* .999%** 1
Reed field (Rf) 0.640* 0.143 -0.222 -0.124 -0.230 -0.380 1
Artificial island (Ai) -0.429 -0.343 -0.036 -0.101 -0.201 -0.101 -0.271 1

Person’s correlation r: *p<0.05, **p<0.01

(T, r=0.952, p<0.01) 50| Fo] JHAAE 23

CHTable 19).
A 4] ZME] A8 AAE 27 6Z(Table 17)2
A

Aoje] 70 =) 447 §9 ol $ 8 Table
15)S 272 24, wAE, A 5o A4A4Y

S WA Aol 8E= AL

HU
Ehid
1%
i,
o b
T

oo site 1, 24| FEO R UF=RE A4
A (@ll=H) 7PgARe] 2 ko] AdataAlel o= A
O A& site. 1 MAIG AAE =T} 3L 244
A 53 A O] A7 Lot HAo] 9

a3k w0 ZiAdol dagt Ao HekE

V.28
1. MAIX|ZHH| mEA

ZAPZIZE e SEdY 27 AAA 9GS site 1, 2
OF T8 Al (site, 3) ol A e 27= 14
7} 48% & Ao HAI4=9] T2 20, 760704 L -3
E(R.D.: Relative species density) 5% ©]4} o] %

28 ol 7|(Larus crassirostris, R.D. 18.6%)
WA= @ 2] (Anas poecilorhyncha, R.D. 15.7%),
528 @ 2](Tadorna tadorna, R.D. 12.8%), A JAY
(Platalea minor, R.D, 7.9%), ¥ Z1%5-2](Anas clypeata,
R.D. 5.5%), 2712 7](Anser fabalis, R.D. 5.5%)
ot MA RS FL g e| A oA (Platalea
leucorodia), AN (Platalea minor), 27]217](Anser
fabalis), Y (Aix galericulata), 87 2] (Haliaeetus

)

albicilla), -2 2 S (Haematopus ostralegus)
s 8Folglen, of & Ao, Hew Y= 5
650] 27HA S ool A WERE T A E
H 279 o= AA) 1,.43~2.56, Fd5 e
0.43~0.74, FF5 2= 3.21~3.94% site, 391 At
HO 2 A EAEUAL, AARo]EA A A=
AAA TG = A4 Zl-?r o] HAH|7} A
site.30] 17302 =9k NAXNFSE FRE
3t site, 30] site, 1, 20]| HI3] AJHA O2 A £ 5
ATk, FAFE A0 A site, 12} 2 Afo] O] FAMEA] 4>
(Ro)i= 0.64% site, 17} 39| B3l =7 UrE}ka—’— bi
T AR o] YPH 27t $ H FH SAES
& o2 AAIE APAR(QIHFHA| 2012~
2015, St 5 2013~2022)9+] EA A=
0.69% o]J== T A9 FAdol =8ttt =

220l A Gof t)ste] HAo] 713t Q1A AR
A0 ZALA 77} T o]AF ATfetAS o E 2T W
ok vjuet Al = EHERI o3 A= site.3
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ol d-gabA] ot AAA] 2 & Fo] T &
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site.1, 29] A]41%] J—}F/]E E3} 7Hk1/\] TWZ]QQE
o o] )= F Al 1=
et °‘<>1 AAA] i"lﬂl ot F A7t 7}#
Sithal & 4= 9lrt,

A4 lﬁ7}°ﬂ Lol AY5HH
AzFol AU B 44
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AR 2] 7Hdo] A a1 Adjzolut 54 & St E

FATUS TR ARl s gl D000 SAATHEL AL 120,952, p<0.01)
chokst 220 o]Qlof| w2 FAIR], AAlR] AR ol 9 AHIAE B, A vpe} o] A
2 olg5T Qi oleid ATAY S washy USSRl IR £FeS HSs dd,
B NS A2 (site. 1)L} site, 29 Z0] A A 59 AAAFF o] e, AAA] 53 A
WO WEST QAFHs Auto @ tokst Aol o AEo] Bagtsite. 1, 249 FFLE A HAE
AL Eusl] FETs A8 oF 2 99T site, I A (SlaeH) 7Rk et oFe] Aol 3
1-29] AR H7P7p o golod i 7HH A < A A& site, 12 A AL =T =1
oJo] whe} 7|12 AAR7} s BE gaor AR R A of AEATE e
AR 7 7)E AEAAAG nEG ARG BT AT 2R Al DAt AR 24
Hoks Agelgont, AU AR fA 2o AT

oa Beet 5 M A7 ATl w0 LA EEAE S site 3 WA A5
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AL % site, 3014 Aol LR el Q1A ATFA| A site. 1-2 A AR5 E3t] 4 WL
Z3FE AR 27} olBAL 2AS Ea) WAl ol Ao thste] thFA S F site. 32 o] Tz
2 Q23 A7) ek site 1, 20 Tigt AAA) thop AEAIE FE-Helste] = F HAAE =T
AHBHE ol5lo] AAIA] A&} jAlo] Wasin, ol THH 7] E9F AR SRS =R 4 gl
94 7H4o0] & site,39] A PO gl AE AR Het FTY BIROR AAA] A2 A
07 7hath 42 9 Au=RS MR oz 3 R BHAAARE S aAE 7IdE 4 3
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2 e, vz A9 ot AR #EE =

AT AU BEdZ e FAst )z F References

e SR 4 Y Ao HikE 59,

o|g = thoksh A X293 9] ghe L thofsl 229 Adam P. 2002. Saltmarshes in a time of change.
AAE =R 4= glom, QI site. 3(dE-HA) Environmental Conservation 29: 39-61.

S Az AR AAA site. 1, 20] 23 8912 3 Baillie SR. 1990. Integrated population monitoring
23l 4= ol AAIRZHA A (R = A) )2} A AR 2k of breeding birds in Britain and Ireland.
22 oot 22ES Ao AN do] =g IBis 132: 151-166.

TefEo] AAR] S o] &3 3HTable 15)& <A Barbier EB, Acrenan M, Knowler D. 1997. Economic
2 Zdde, g, AH 59 AARE-3 9 847} valuation of welands: a guide for policy
Q3 Ao BAEQITE HE3) A2 63 () makers and planners. Ramsar Convention
2)0] ol o' KAl o] ThoFAlS shstrhy 3 Bureau Gland, Switzerland.



= - HIEE - iYY / Mall= 5 thE ZHLX|Ho| =2lstk= =

i
>
o
sl
>
1=
2]
i
o
0z
2
4>
il
N
o
[6)]

Blackwell MSA, Pilgrim ES. 2011. Ecosystem
services delivered by small-scale wetlands.
Hydrological Sciences Journal 56: 1467-
1484.

De la Hera A, Fornes JM, Bernues M. 2011.
Ecosystem services of Inland wetlands
from the perspective of the EU Water
Framework Directive implementation in
Spain. Hydrologica Sciences Journal 56:
1656-1666.

Devictor V, Julliard R, Couvet D, Lee A, Jiguet
F. 2007. Functional homogenization effect
of urbanization on bird communities.
Conservation Biology 21: 741-751.

Furness RW, Greenwood JJD. 1993. Birds as
monitors of environmental change, Glasgow.

Ghermandi A, van den Bergh JCJM, Brander LM,
de Groot HLF, Nunes PALD. 2010. Values
of natural and human-made wetlands: a
meta-analysis. Water Resources Research
46, W12516.

Horowitz P, Finlayson CM. 2011. Wetlands as
settings for human health: incorporating
ecosystem services and health impact
assessment into water resource management.
BioScience 61: 678-688.

Howard R, Moore A. 1998. A complete checklist of
the birds of the wotld (2nd ed.). Academic
Press, London.

Hurlbert SH. 1971. The non-concept of species
diversity; a critique and alter native parameters.
Ecology 52: 577-586.

Kang TH, Yoo SH, Lee SW, Choi OI, Lee CB.
2008. A Study on the Habitat Use of
Waterbirds and Grading Assessment of the
Tidal Flat at Muan Bay in Jeollanamdo,
Korea. Korean Journal of Environment and
Ecology 22(5): 521-529. [Korean Literature]

Kim BS, Yeo US, Oh DH, Sung KJ. 2015. Effects of

Landscape Ecological Characteristics on Bird
Appearance, Focused on The Nakdong River
Estuary. Journal of Environmental Impact
Assessment 24(3): 287-299. [Korean Literature]

Kim BS, Yeo US, Oh DH, Sung KJ. 2016.
Selection of Bird Species for the Nakdong
River Estuary Management. Journal of
Environmental Science International 25(5):
615-623. [Korean Literature]

Kim IK. 2008. Study on th Development of
Wildbirds Habitat-models in Urban Stream.
A Ph.D. dissertation. Chungnam National
University, p. 143. [Korean Literature]

Kim JS, Son YH, Shin JH, Lee DW, Richard BP.
2000. A Primer of conservation Biology,
ScienceBooks. p. 348. [Korean Literature]

Kim TH, Kim GW. 2021. A Study on the
Classification of Urban Ecological Status
Maps based on Biotope Types. Proceedings
of the Korean Institute of Landscape
Architecture Conference 1: 95. [Korean
Literature]

Krebs CJ. 1994. Ecology: the experimental analysis
of distribution and abundance (4th ed.),
Harper Collins College Publishers, New
York.

Kwon YS, Nam HK, Yoo JC, Park YS. 2007.
Distribution Patterns of Wintering Waterbird
Communities in Urban Streams in Seoul,
Korea. Korean Journal of Environment and
Ecology 21(1): 55-66. [Korean Literature]

TLee KS, Kim MR, Lee SW, Lee HS. 2004. The
study for grading of the mudflat by birds.
Journal of korean Wetlands Society 6(1):
105-115. [Korean Literature]

Lee KS. 2000. Current Status and Population
Fluctuations of Waterbirds on the West
Coast of Korea. Ph.D. dissertation. Kyung

Hee University. [Korean Literature]



406 SFISEI} M3 HMeE

Lee SG, Jung SG, Park KH, Kim KT, Lee WS.
2010. A Prediction Model and Mapping
for Forest-Dwelling Birds Habitat Using
GIS. Journal of the Korean Association of
Geographic Information Studies 13(1): 67-
73. [Korean Literature]

Lee WS, Koo TH, Park JY. 2000. A field guide to
the birds of korea. LG Evergreen Foundation.
Seoul, p. 320. [Korean Literature]

Lin YP, Yeh MS, Deng DP, Wang YC. 2008.
Geostatistical approaches and optimal additional
sampling schemes for spatial patterns and
future sampling of bird diversity. Global
Ecology and Biogeography 17: 175-188.

Margalef R. 1958. Information theory in ecolosy.
General Systematics 3: 36-71.

Ministry of Environment. 2013~2022. National
Institute of Biologica Resources. Winter
Waterbird Census of Korea. “Songdo”.
[Korean Literature]

Ministry of Environment. 2019. National Institute
of Ecology. Urban Ecological Status Map
Creation Manual. [Korean Literature]

Mitsch WJ, Gosselink JG. 1986. Wetlands. Van
Nostrand Reinhold, New York.

National Institute of Biological Resources. 2010.
Mangagement of biological organisms and
biological resources against climate change
in Korea. [Korean Literature]

Park MC. 2007. Studies on Establishment of
habitats management plans and Status of
birds at Ganwol Lake district, Korea. Ph.D.
dissertation. Gongju National University.

[Korean Literature]

Rho BH, Yoon JH, Choi JG, Lee SW, Seo HJ. 2010.
Habitat evaluation strategy for legally protected
wildbirds in Korea. Korea Environment
Institute. [Korean Literature]

Schekkerman H, Meininger PL, Meire PM. 1994.
Changes in the waterbird populations of
the Oosterschelde (SW Netherlands) as a
result of large-scale coastal engineering works.
hydrobiologia 283:509-524.

Shannon CE, Weaver W. 1963. The mathematical
theory of communication. University of
Mlinois Press. Urbana, p. 117.

Shin YU, Cho HJ, Kang TH, Kim IK, Oh HS,
Lee SW. 2011. Distribution of Birds and
Grading Assessment of the Tidal Flat at
Ganjin Bay in Jeollanamdo, Korea. Korean
Journal of Environment and Ecology 18(3):
213-225. [Korean Literature]

Simpson EH. 1949. Measurenment of diversity.
Nature 163: 1-688.

U.S. NABCI Committee. 2007. Opportunities for
Improving Avian Monitoring. U.S. North
American Bird Conservation Initiative Report.
Division of Migratory Bird Management,
U.S. Fish and Wildlife Service, Arlington,
VA. p. 50.

Yeonsu-Gu Incheon. 2012-2015. Monitoring of
Songdo Tidal Flat Wetland Protected Area.
[Korean Literature]

Zedler JB, Kercher S. 2005. Wetland resources: status,
trends, ecosystem services, and restorablilty.
Annual Review of Environmental Resources

30: 39-74.



