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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 44
& FRFY APAfo] oS v A EW (Adam
2002; Schekkerman et al, 1994), 221z o] H L
FAIA, 716k 2091 5 thope o] met 22
U A4k 39 4do] 2ok 4 UrkKwon YS
et al. 2007; Kim IK 2008; Kang TH et al. 2008).
E 7B 02 257} A4 02 ] gaA
L 208 AT 208 22 A7 4 £5E
3 #e]7F D asiciRoh BH et al, 2010), AAA=
A AR 7)) AL HES Befs] 913 ol § %
2 43 A0 e SIEAR] et et 8
[, AAA] dgolu BHE B71e o £4E9
AL gt o7t olok, wEbA oldlE s REF
= HEsks Aol E7kssto] $AFoIY A9 o
F ¢ Qe AT o et FAET AAE
X

HAZFYS A4A]
o

S0 @47 woh B £
A -9isjojo} g Zlolc}

2 A7 3E At ST Y4
o tiot = o] ot o] FAl T |RHA = o] -§E Y
¢ vt AsEA] A2 tf AR Holr,
AAAAGLY o2 4= 11(2003,8.11,), 19944 7
ARE @A7HA] G717 af g} o] ofsf =A|3t
7} o]F01| AL glom 2030d7kA] 2/3E ool 9
© Aoz fejuetolA LR Qlste] siQk3A7F
2AE t A2 AR 2 & 4= 9ltH(Incheon Free
Economic Zone Homepage).

2 AFA YL FEAARFEA FH 2579 A
Alo] ghele zhE T} Y iof| 2AH A¥24 5

HAA) 2720k A % Therat A4 R oe

S, BEAEA) gt 25 mUE 52 5
el £RES AT, ARAANGE %7t
B4 B3] nEHAL AR 24E 4K B4
A B A A 5 Qs 2AF sk
2857 st

SEAH| 2AE SEIAEA] dHoZ AT}
oA HAT AR ZAT GRS s 24 A
AA] 27) 2 (site 1-RHEAH, 2-Q1F3 549 A A
A o] gl ot Aof whef A 2 24 E AL A

Table 1. Investigation sites of the study area

Name of Area . N
Area ez Location Investigation sites of study area at Songdo, Yeonsu-gu, Incheon, Korea.
25 "
Mudflat Songdo-dong, @
. 77.456
(site.1) Yeonsu-gu,
Incheon
400
Artificial lake Songdo-dong,
(site.2) 71.346 Yeonsu-gu,
Incheon
Namdong . 71
. 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 \Y%
10-12 8-10 v
7-9 5-7 11
4-6 3-4 II
03 02 !
FEEE 20219(109)~20224 (129744 ALH = 4) MAAFBEA
FEAAALE v o2 4 553k o853ttt HAIR] S80S T AAEEEA] E 2Hgu
(Table 2-3). Q0190 T th-FERoIA 7 579 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.

Reservoir edge
Reservolr center
Tigal flat
sand bank
Artfcial structures
e ) "o

site.2 site.3
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F05 AAAFSEE Kim BS et al, (2015)2 A

« A A FFEA S HDD = - ¥ (P, In P)
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/\1 4] X] TTEX] T(HR]) ln TA
HDI

o A AR TR X 42(HET) = Tm

AFBHA () S AAHA(T) 22

3 EAE Y OAA] 7HA] (Reservoir edge—
Re), @A 4R %9 (Reservoir center—Rc), @35
H(Sea water—Sw), @709 (Tidal flat—Tf), ®Xf &
(Sand bank—Sb), @t 2E (=122, Artificial
structures—As), DAFAZA] (=2 H]<z, Reed field—Rf),
®FY (=154, Artificial island—Ai), @&Z=4]
(Buffer green—Bg) £ 97/l §F O & JLESIHIL, X
W 4(site.1)~87M(site.3) A XA G o] TAME AL
H(TE), e 5(Sh) 5 3= & Zistgle
adi<(Rf), $e54(Bg), A5A(A) T 37 32

site. 35+ H-$3F §-3 0|2 tHTable 4).

>}‘= _1

N

ot
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Shi]

) S
Aol A Tk 279 At AR F
9] A+ Person’s Correlation #4492 A
Al F oA, #5A, SREASY Bt 4
olofl Hstef FAA frolde FUstiLA ANOVA

5]
(Analysis of variance) 412 AA|5}9ITH

r{m

wE Y ol

ox o oflt

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

5%‘3 & 8E 14J—]r 480 44 4‘417HZ1] 94 o
20,7607H A ¥lTk, site.1, 2014 = 4 X4 2FolA
2 1150] FelE, site 30I4= € Z) 173
O g2 Fol ERIE ATt AA AL site. 1= &
28%(3,96771A), site.2+= & 25%(1,75371A)0] &+
Qe HHA, site, 3(HEA)S & 395(15,0407
Aol BlElo] Ao Fak A= 7]E site, 3]
site.1, 2] B3} F-2 2|4 148}, 7HA|4= 3.84) o]
AL glolx]o] AR o2 oA E AAXE Ho|1l
Ach(Figure 1).

8% 9 SHER.D.)= ¥4 (Larus
crassirostris) 3851704 (R.D.;18.6%), BHHT 2
2](Anas poecilorhyncha) 3,2677§4|(R.D.;15.7%),
S 8238 @ 2] (Tadorna tadorna) 2,6607 A (R.D.:
12.8%), A1\ (Platalea minor) 1,64070A(R.D.;7.9%)
o8 R $ERRE dFe 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 01-0ct-22 01-Nov-22 01-Dec-22

— -site.1 -8--site.2 —e—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)zkal7] | 3,851 (18.6) | 2,662 (67.1) | 486 (27.7) 703 RES o
Anas poecilorhyncha | 31#7% @ 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 R=Rl 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&7paF9-%] | 1,094 (5.3) 99 202 (11.5) 793 (53)| WV [
Anas platyrhynchos =0 938 270 (6.8) 39 629 'A%
Aythya ferina 323 961 39 276 (15.7) 646 \AY%
Mergus merganser H] 2.7 302 1 220 (12.5) 81 WV
Egretta alba Zu g 336 56 109 (6.2) 171 SV
Anas crecca A 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
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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| 3313) | 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 | AN
-gFRe] x| o A (Platalea leucorodia) 11 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) II N 60 21 2 83 RES
Ao 22w 7| (Larus saundersi) 1I 29 2 31 wv
2 A w2l 7| (Sterna albifions) I 1 3 4 NY%

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

4. ZARIZE] X4+

1) A
FTUhdEe AA| 1.43~2.56, Fals=e 0.43~
0.74, TFFE+= 3.21~3.942 EA = o] site. 3%
o) joEe} ERES AYH LR o, AN}
T AAAFF o] "AH7E AR site, 30] 1.73
02 MAAFEES} FHRE 3 site, 3] site.1, 2

ZAA% D AN BY

=~

Hz

H

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

A AR Al 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 AAE 4 QIla, A AT 2

pa = =
of vl A 4= ArHTable 8). ZAAHZE FogHE2 0.05 o] Yl Biodiversity
AR FUYEE Bt 128~179% site30],  Index (H)RF ZAAHE Aol7} dhagets Ao
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) (&) (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 = = T 46 195 | 202 | 186 | L15 | 125 | 067 | 120 | 169 | 1.89 | 243
Index (H")
3 1.70 1.89 244 22 1.41 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 | 2.17
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
Elut 1, 71 9] Evenness Index (E), Species Richness 2) SAIEEA
s orL
Index (R)= ZAMAHZE 2po|7h BAYSHA] Q= Ao AL AFA A7 Horn's SAMEL site. 17} 2 AFo]

2 YERgTtHTable 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 SQlER, T 9 FHE, 2 Holk

WA p A0

2 tepe,

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

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

9] A=A (Ro)=

S A CEIN R
(2013~2022)2+=

0.64% site, 12} 30 B]5} =4

%o

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

[e) =2 X
=HE2FA

ALK 2

A

U 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 1T
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] 8% (92071 A])o] o] Ele] BT}
wston], 1 A AEAAES) 1ol Fol 98
A2 site,3 1541 H)01 ek, 2 sited] chat 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 & 47] AA1A] S0z AHZ o]dLe A

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

EET

A

OJYIN.L) H AAEE

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

)
$90

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

&(21.9%) olaL

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 mT e e
e || e R e
S A T N N N -
v S e S e e e
o | e | e | e
NE IR IR
w |- |- e e
Ai - - - - - - 2)249)9 (?’582; 12,8194
wo | - | - - | - - 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 A5 < wOo & Foldo] QIglaL, M} A4=2] 7paAteof
4115,5%) 3 Ati<:(13.5%)2] ©]¢)o] 2= ¢tk A A =2 A 56.2%014F ZHlE ek A
AAMEL SElg 12,819 470A| &2 Qg0 713 = 5%0)d otz SHE2 AAA] fEE AAA] o]
UL, AR 7R (709.6), ATAIFA(259.8), 2 5 B4R ol du 7| 7F (62, 7%) 0l 4 21k
#5(248.9) 5] &0 7 =9ItHTable 14), A 287t A4A1(62.8%)9F 2th<:(28.4%)°14 %=
2 ol 8ES B, SR e AA 7R

2 AR 7D F Ik TR EATANNA (65,79, 208.4%), 2420192 Az
w3d ol 8dF WAREE 2 Aolih7} B4 (63.8%)7 AH(20,1%)
A AN SR WA 30%, ASK L S 2 o R59la, 27)87) 4K (76.3%)9 2

2] 27, 1 o AeA $9, 2l A4, ddls t<2(15.5%)& ©]-8-3t%IthTable 15).

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

Habitat
e 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 ( 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 Noh oo o S-Mig. note
individuals RD (%) 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) 4582 (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)

A 9 A gelA] SE A Bl
47

4 FBL‘

500
71)ak 27014k ARl A AL AAA (A
54 09 55 5 3058 Al

7} A3t 715

o
ofN
ot
= n;%
n\l

138 of
A4 EAAT} 37 AFROA] B Y] S
G sHeen e, Yol
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31, E3 7|3
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HA A el
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Y€ 50%0l5t= ER1H 4] e jet RHAQ REE
3E Holn] thFEY] MAR] f ol IEE F(%
S, oldu7], A ed), 11 2 KA o]¢]
WA A R BH= Bl&o] 1% 2= W (@7}
g, SR, A R)L AR H o] A4 x|z
o AgstA] ob> A o2 WA o] A|LJEkgle), 9 &
A& Foll Al Fol SotHAl 7| FHASIA| R FT
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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 b Hal?ti_tat— 3)bSpecizs 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 SV

Egretta alba o 5 (83%) ¢ SV

Egretta garzetta 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), HF L% FHe0el0=0912, 3 ANARFL HVBAZ 5 AAA 32 5
p<0.01), Aelfel PE7HR9-2](r=0,981, p<0.05) weper
Fol o] HUWAZ NGT, o] F REFOR A AAX $IL AVWAS BHT Ao fol
e 2719719 559122 (r=0,929, p<0.01)9}+ & & 90%°1 7 o= dhe MARRE S AleAl 7
279} YR (r=0,835, p<0.00) EFF 013 &F A (Re)2h A (RE, 1=0.640, p<0,05), 1
O] JHHAE Hol= A e 2 YehgthTable 18). (Sw)I} AA(TE, r=0,992, p<0.01), B22:5(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 (A1) -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| ¥ JHAAE 23

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

Aoje] 70 =) 447 §9 ol $ 8 Tabe
15)S 272 24, wAE, A 5o A4A5
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oo site.1, 24| FEO R UF=XE A4
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ZAPZIZE e Y 27 AAA 9 site 1, 2
OF T8 Al (site, 3) ol A A 27= 14
7} 48% < Ao HAI4=9] T2 20, 760704 L -3
E(R.D.: Relative species density) 5% ©]4} o] Y%

22 ol 7|(Larus crassirostris, R.D. 18.6%)
3w-A%= @ 2] (Anas poecilorhyncha, R.D. 15.7%),
528 @ 2](Tadorna tadorna, R.D. 12.8%), A IAY
(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 Wi e| A oA (Platalea
leucorodia), AN (Platalea minor), 271217](Anser
fabalis), Y (Aix galericulata), 87 2|42 (Haliaeetus

)

albicilla), -2 2SN (Haematopus ostralegus)
s 8Folglen, of & Ao, Hew Y= 5
650] 27HA1 S ool EE T A 3E
H 279 Frpfe= AA) 1,.43~2.56, Fd5 e
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Sk vjue AL = EHERI of3 A= site.3

o) B3] site.1, 22] A FHsNER QT X &A 9
ol d-gatA] ot AAA] 2 & Fo] TR &
o] oA A] ok Ao & ghrhEn | ThE o)A
site.1, 29] A]41%] J—}F/]E E3} 7Hk1/\] TWZ]QQE
o o] )= F3 Al 1=
et °‘<>1 AAA] i"lﬂl ot T A7t 7}#
St & 4= 9lrt,

A4 lﬁ7}°ﬂ Lol AY5FH
A2Fo] AR B A4



HEE  FI= - HIYE - HYY / MoliSF R JHEX|H0| =2iske 2F Hef 2 MAX| 22|get 8 403

site. 12 37} Isw, Aol £27F P31t A4
A f@o| Tt site. 29 A4S B 5 FLE W
B7HE g, o] ulgo] Aoz wx|uk o
I MAA ol FAEIL Sl site.39] F B

[e)
= ar
7} HI%T}EE =7 L}E}‘fkﬁ}. site.3% H’%‘X] M8

O:

O SIof3h A7 A A2 LS

Tl det e ¢
25.719hadl| tht A1) 2] 43 54
A3} F 9 PR 0] 43.4%2 71 WL,

NH(39%), Ali(7.6%), B5571(6.3%) oAk,

>
-
o
X
<
>
__)‘4_1“
DO

2] A A1 2832 site. 10] & 47) &2 7o) 88.5%
2 8oL, =HENO] 7.6%, 1 &) JF-
Z25(2.7%), R F(1.2%)°] Lyt sk U

o, site.2= F 6702 A4A|7}F A 83.9%, the
o7 AH12,0%) I sfehtxE(% J‘:rL—n—E.
2.8%), B E(1.4%)0] E3E5}HT} site. 3 & 871
B AeA7F 42.1%, AE(13.9%), HefE2. 1%> el
TTHEEL1%) T THFS AAAREE B9
53], 2% (22.3%), &5 =57 (18.1%), % **é.
A%) 5 3N site. 3o A TE ZR1E A A17] &
ch,
?EH*O Aol AR ol et A 2l A
e.27} 3o Hlalf 252 7]E oF 28 = W
5%3}51 o} e o] AE FfA ol o
U BAAT site 27} 24.1~33.2, site.39]
271,5~697 022 site,30] Z|4~ 1180l A Zcf 20uH
o[} 79| oljo] WAt QIolar, HHRT £4
SIAE site.10] site,30] W]} A EHO| oF T}
T Estoy ojddH 2R AMAUEE 23]
site, 3(d-5-F-=A1)0] 2ufo]4 &= Yepyttt, oY
3t s 5ol 257 W2 AARAE FastAT

ot T
I~

L r_& _O,
ii

ol &

Z

=)

fus

il
_])« ﬂIlO (/2

(i
>

WA RE, FAA, 71e 24291 5 Topet 271
of uke A 4Bk Fo) o] Tebd 4 ek RS
AJ&to] & 2= 9lQir},

A AR G35 AEA GO 30F, A5A
PR A 27F, 1 9 AeA] T, 2EE,

A, Az ¢0§ T olgol =¢aL, A} A4
A 7R ol A A el A2 56.2%0 14 24l
= olct, A9 570l Eelishs - AAA &+
P A A7 o] &F EA43t PolZdur|7t A
(62.7%)0l1 4 S5 227k A4=2](62.8%) 2t 2
£(28.4%)001A =2 o] 8ES B, FHe|ea=
A4=A] 71 AR (65.7%), ZAH(18.4%), ZH<(9.1%)
< Azaqich

AAZ TeE ¢t iE% AL At
et A 2Ab ALH R
2013~20224, %) U % EZHHE* LHAHB Y
UE P Y, 2012~20154) ARE 7|22 dAA]
OF ol)ld F F DA, 2)711?%1@}*3

e 5

OPH
>~
=
>
[
™
s
- X
= 2

B3
==

sheAl 71 A S A E 0 B 917 MR BT
02 AYREHT i 271712 BEFO2 3ol
B0, YAY, A% 5 4%, A9 2

o]

S0 n Fejste oY $HFY E0F 250
IX0

=8 WER) 5 F 652 REFOE A

FHS ABEARA AN E +oE 90%01
ofl A Bl 229} 2152] (r=0.999, p<0.01), 3522
& 572]2.2(r=0.912, p<0.01), A2t W=7}
1R (r=0,981, p<0.05) 5°] ¥ FHHAE &
Qa1 o] & EREog AAE 77|t TH
£2](r=0.929, p<0.0D)2t A=A 9} WA 52| (r=
0.835, p<0.01) E3t F-23 o] A E Hol
< 2O et



404 HB3SYIL M32H M=

AR 2] 7Hdo] Aa1 Adizolut 54 & St H
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