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ABSTRACT

This study analyzed potential breeding sites for black-faced spoonbills on 70 non-breeding,
uninhabited islands in Incheon, Korea, in order to suggest potential breeding sites for black-faced
spoonbills, whose breeding population has recently been increasing. By comparing the environmental
characteristics of breeding and non-breeding areas identified through a literature search, we developed
a discriminant to identify potential breeding areas for black-faced spoonbills. Among a total of eight
environmental variables(Island area, distance from land, distance to mudflat, distance to rice field,
distance to sea route, depth of water, mudflat area, rice field area), the variables that influenced the
selection of breeding sites for black-faced spoonbills were average water depth, tidal flat area, and paddy
field area. As a result of discriminant analysis of breeding islands using these variables, the accuracy
was found to be quite high at 80%. As a result of applying the developed discriminant to non-breeding

islands located in the Incheon region, a total of 9 islands(Yongrando, Goseokdo, Beolyeom,
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Joreumseom, Goeriseom, Hambakdo, Moido, Bigajido, Ahyeom) were identified as potential breeding

grounds for spoonbills. The research results can be used as basic data for future management of

black-faced spoonbill breeding sites and selection of alternative habitats.
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Figure 1. Black-faced spoonbill’s Breeding Island in Korea(a), Non-breeding uninhabited Island in incheon,

Korea(b).
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Table 1. Overview of research sites
No. Island name coordinate area(11l) Note No. | Island name coordinate area(Im’) Note
1 | Baengnyeongdo [37°59’ N, 124°41’ E| 4,538million | breeding 47 Siodo 37°31" N, 126°25" E| 9,322 non-breeding
2 Gujido 37°38’ N, 125°40” E| 96,082 breeding 48 Malkkeut  [37°32 N, 126°23” E| 9,917 non-breeding
3 Bido 37°36’ N, 125°58" E 17,256 breeding 49 Joreumseom |37°25" N, 126°23” E| 10,195 non-breeding
4 Seokdo 37°36’ N, 125°57" E 1,190 breeding 50 Goeriseom  |37°42" N, 126°15” E| 11,008 non-breeding
5 Suribong 37°39’ N, 126°13" E 5,157 breeding 51 | Daeryeongdo [36°58 " N, 125°45’ E| 11,405 non-breeding
6 Yodo 37°49’ N, 126°11" E 7,824 breeding 52 Dokbawi 37°14’ N, 126°18’ E| 11,702 non-breeding
7 Yudo 37°46’ N, 126°32" E| 224,048 breeding 53 Halmiji 37°11" N, 126°6’" E | 12,287 non-breeding
8 SuhMando  |37°33” N, 126°15" E 91,835 breeding 54 Maedorang  {37°24" N, 126°26” E| 12,632 non-breeding
9 |  Gaksiam  [37°35' N, 126°28” E| 1,170 breeding | 55 Donff:;m"g 37°35' N, 126°31” E| 12,793 |  non-breeding
10 | Sangyeobawi [37°45’ N, 126°18’ E 1,299 breeding 56 Manam 37°33’ N, 126°20’ E| 12,832 non-breeding
11 Suha-am 37°327 N, 126°32" E 920 breeding 57 Jeongdo 37°327 N, 126°34’ E| 12,893 non-breeding
12 | Seeodo Apseom |37°34” N, 126°34’ E 10,915 breeding 58 Namseodo  [37°127 N, 126°22" E| 13,824 non-breeding
13 Maedo 37°34’ N, 126°35" E 513 breeding 59 Budo 37°8’ N, 126°20" E | 13,885 non-breeding
g | Nemdongfoo0s N 1267407 | 629 breeding | 60 | Gwando |37°5' N, 125°59 E| 15,074 | non-breeding
Reservoir
15 Gapjukdo 37°127 N, 126°26" E 1,091 breeding 61 Daedamuldo |37°33" N, 126°34” E| 15,273 non-breeding
16 | Hwangseodo |37°13" N, 126°22" E 36,298 breeding 62 Junguldo 37°1’ N, 126°1” E | 15,372 non-breeding
17 Yuksando 35°19’ N, 126°16" E 41,355 breeding 63 | Sangbeolseom |37°4” N, 125°59’ E | 15,768 non-breeding
18 Sasando 35°19’ N, 126°16" E 26,392 breeding 64 | Gombawiseom | 37°8’ N, 126°0" E | 15,780 non-breeding
19 Samsando 35°19’ N, 126°16" E 8,052 breeding 65 Napseom 37°4’ N, 126°0" E | 15,868 non-breeding
20 leesando 35°19’ N, 126°16" E 10,066 breeding 66 Beolan 37°117 N, 126°12" E| 17,454 non-breeding
21 Tlsando 35°18’ N, 126°16” E| 253,303 breeding 67 |Sonanggakheuldo| 37°8” N, 126°1” E | 19,041 non-breeding
22 Suhcho 37°117 N, 126°22" E 167 non-breeding || 68 Hambakdo | 37°40’ N, 126°1” E | 19,971 non-breeding
23 | Bukchangjanyeo [37°19” N, 126°28 " E 200 non-breeding | 69 Moido 37°38’ N, 125°42" E| 20,330 non-breeding
24 Sogado 37°9’ N, 126°0" E 694 non-breeding | 70 | Dongchojido |37°19” N, 126°15” E| 20,430 non-breeding
25 Pido 37°15 N, 126°30" E 694 non-breeding || 71 Norangseom [37°30" N, 126°29" E| 20,727 non-breeding
26 | Kyeomseom [37°34’ N, 126°34" E 793 non-breeding | 72 Seonyeom  [37°31’ N, 126°25" E| 21,322 non-breeding
27 Kkotseom 37°16" N, 126°30’ E 1,091 non-breeding | 73 Sojido 37°4’ N, 126°0" E | 22,116 non-breeding
28 | Donggeulseom (37°14" N, 126°32" E 1,188 non-breeding | 74 Haenyeo  [37°21 N, 126°26” E| 22,116 non-breeding
29 | Namhwangsando [37°36” N, 126°32" E 1,201 non-breeding || 75 Gadeokdo  |36°57’ N, 125°49” E| 23,108 non-breeding
30 Sodamuldo  [37°33” N, 126°33" E 1,785 non-breeding | 76 Hodo 37°327 N, 126°35’ E| 23,702 non-breeding
31 | Dongbackdo [37°11’ N, 126°12" E 1,983 non-breeding || 77 Janggodo  |37°327 N, 126°30" E| 24,790 non-breeding
32 Ttandungori  |37°15 N, 126°30" E 1,983 non-breeding | 78 | Seomeopbeol |37°14” N, 126°23” E| 25,785 non-breeding
33 Jinaeseom  |37°34’ N, 126°33’ E 2,281 non-breeding || 79 Soguleopdo  [37°10” N, 125°58" E| 25,785 non-breeding
34 Dorangdo 37°4’ N, 125°57" E 3273 non-breeding || 80 Habeolseom | 37°4’ N, 125°59” E | 28,066 non-breeding
35 Dolseom 37°42’ N, 126°20" E 4,247 non-breeding || 81 Jaamdo 37°127 N, 126°22" E| 29,653 non-breeding
36 Yongrando  |37°41’ N, 126°12" E 4,247 non-breeding | 82 Mokdeokdo [36°55” N, 125°47" E| 32,231 non-breeding
37 Susuttegi 37°30’ N, 126°28" E 4,350 non-breeding || 83 Hwangseodo |37°127 N, 126°21" E| 36,298 non-breeding
38 Judo 37°14’ N, 126°32" E 4,661 non-breeding || 84 Eunryeom  [37°397 N, 126°16” E| 37,091 non-breeding
39 Seokseom 37°14’ N, 126°30" E 4,934 non-breeding || 85 Gapjukam  [37°47’ N, 124°39” E| 1,091 non-breeding
40 | Soryeongdo [36°58’ N, 125°45" E 5,752 non-breeding | 86 Bigajido 37°30" N, 126°19” E| 37,785 non-breeding
41 Odo 37°117 N, 125°54" E 6,065 non-breeding | 87 Odo 37°4’ N, 125°56’ E | 38,479 non-breeding
42 Seokseom 37°14’ N, 126°29’ E 7,034 non-breeding || 88 Changseodo [37°10” N, 126°23" E| 39,281 non-breeding
43 Gwangdo 37°14’ N, 126°33’ E 7,636 non-breeding | 89 Beolseom 37°4’ N, 125°59’ E | 44,231 non-breeding
44 Goseokdo ~ [37°29” N, 126°18" E 7,929 non-breeding || 90 | Nanggakheuldo | 37°8" N, 126°1” E | 44,727 |  non-breeding
45 Gyedo 37°4’ N, 125°58’ E 8,231 non-breeding | 91 Ayeom 37°30’ N, 126°18’ E| 49,488 non-breeding
46 Beolyeom 37°40’ N, 125°42 E 8,881 non-breeding | - - - - -
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Figure 2. Temperature(a) and precipitation(b) in Incheon area(Baengyeong, Ganghwa, Incheon) in 2022

Table 2. Selection of black-faced spoonbill habitat variables

Variable Variable Description Reference
Island area Nest selection and nest material-related variables Kwon et al., 2015
Distance from land | Variables related to the acquisition of nesting materials Cho, 2010
. . . . CHA, 2004; Kim, 2006;
Distance to mudflat Variables related to feeding sites NIBR, 2018
CHA, 2004; Kim, 2006;
. . - V . . B3 9 9 el 2
Distance to rice field ariables related to feeding sites Cho, 2010

Distance to sea route

Variable indicating the intensity of human interference | NRICH, 2008; Cho, 2010

Depth of water
(radius of 20km)

Potential intertidal area in the surrounding vicinity,
variables that may encompass factors such as Cho, 2010
waves

Mudflat area
(radius of 20km)

CHA, 2004; Kim, 2006;

Area that can potentially be utilized as a foraging site Cho, 2010; NIBR, 2018

Rice field area
(radius of 20km)

CHA, 2004; Kim, 2006;

Area that can potentially be utilized as a foraging site Cho, 2010
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Table 3. Geospatial data list and sources by variables

No. Institute Geospatial Data Variable Reference
Ministry of Rice field area, Environmental Geographic
! Environment Land Use Map Distance to rice field Information Service, EGIS
G 1 Bathymetri
p | eneral BAYMEWIC! ppG 2020 Grid Depth of water GEBCO
Chart of the Oceans
3 i - Distance to sea route Daum map
Uninhabitable islands Island area, Statistics Service for
- statistics Distance from land uninhabitable islands
4 Ministry of Oceans Marine
and Fisheries . Mudflat area, Marine Environment
Environmental . .
. Distance to mudflat Information Portal
Information Map
National Survey of Endangered wildlife
5 National Institute | Endangered Wildlife distribution data National Institute of
f Ecol National natural Ecol
o BeooRy ationa’ natuta Wildlife Distribution Data cology
environment survey
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Table 4. Results of Comparison of average variables between breeding and non-breeding islands. independent
sample Mann-Whitney U-Test(*: p<0.01)

Variable Classification Average P Unit
breeding(7=20) 41,769.75+73,101.75
Island area 0831 | m’
non-breeding(n7=70) 14,868.89+12,195.93
breeding(7=20) 9.89+7.02
Distance from land - 0.614 km
non-breeding(n=70) 14.30£19.38
breeding(77=20) 0.72+1.07
Distance to mudflat . 0.712 km
non-breeding(n#=70) 1.60+4.47
breeding(7=20) 4.95+4.66
Distance to rice field - 0.786 km
non-breeding(7=70) 8.22+10.63
breeding(7=20) 3.98+1.81
Distance to sea route - 0.055 km
non-breeding(z=70) 3.23+3.48
Depth of water breeding(n#=20) -7.63+2.99 .
. . 0.001 m
(radius of 20km) non-breeding(z=70) -15.20£9.11
Mudflat area breeding(#=20) 310.96+132.20 R
. . 0.560 km
(radius of 20km) non-breeding(7=70) 295.17+215.12
Rice field area breeding(7=20) 85.93+64.29 ,
; . 0.095 km
(radius of 20km) non-breeding(7=70) 78.48+107.61
Table 5. Variables affecting spoonbill breeding site selection (GLM)
Estimate Std. Error z value Pr(>|z|)
(Intercept) 6.014576 1.758594 342 0.000626 "
Depth of water 0.41285 0.108247 3.814 0.000137™"
Mudflat area -0.005872 0.002505 -2.344 0.019072"
Rice field area -0.010817 0.004457 -2.427 0.015231"
*p < 0,05, *p < 0.01, **p < 0.001
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Table 6. Discriminant and accuracy for Black-faced spoonbill breeding islands

Discriminant Analysis Accuracy

0.223xSI1 - 0.005xSI2 - 0.007xSI3 + 5.107 [0.4315]
SI1= Depth of water(m)

SI2= Mudflat area(km?)

SI3= Rice field area(km?)

80%

Table 7. Results of applying the discriminant to the current breeding island of the Black-faced Spoonbill

No. Island name Depth of Mudflat area Rice field Value Discriminant
water area result
1 Gujido -10.68 6.68 0.76 2.69 suitable
2 Bido -6.51 146.26 0.41 292 suitable
3 Seokdo -6.6 146.39 0.36 2.90 suitable
4 Suribong -5.36 411.17 85.69 1.26 suitable
5 Yodo -4.59 158.79 68.84 2.81 suitable
6 Yudo -4.48 178.41 22583 1.64 suitable
7 SuhMando -6.95 594.15 48.79 0.24 unsuitable
8 Gaksiam -6.25 460.62 152.78 0.34 unsuitable
9 Sangyeobawi -4.78 305.11 130.31 1.60 suitable
10 Suha-am -6.29 393.78 130.57 0.82 suitable
11 Seeodo Apseom -6.14 351.1 177.75 0.74 suitable
12 Maedo -6.19 348.49 169.84 0.80 suitable
13 Namdong Reservoir -7.63 450.87 59.92 0.73 suitable
14 Gapjukdo -14.14 330.7 19.37 0.16 unsuitable
15 Hwangseodo -16.23 291.46 6.28 -0.01 unsuitable
16 Yuksando -7.88 327.69 90.11 1.08 suitable
17 Sasando -7.96 328.03 88.49 1.07 suitable
18 Samsando -8 328.64 86.63 1.07 suitable
19 leesando -8.01 330.43 86.13 1.07 suitable
20 Ilsando -7.83 330.43 89.69 1.08 suitable

© 29 AEBA U9 BE EH s 7}%*—% golgk Az} 20709 =4 5 16719
A1 0223, 70 A2 0.005, = WA 0.0079L A7 At Ay Eo 80%S HIA=E
o, s ‘F—t— 0.4315% UrE‘rkkE}(Table 6). & ,\,\E]-(Table 7.
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Table 8. Results of analysis of potential breeding sites for black-faced spoonbills using discriminant for
non-breeding uninhabited Islands

No. Island name Depth of water | Mudflat area | Rice field area Value D1sc1:-relsr11:;i1 ant
1 Yongrando -5.15 404.51 152.58 0.87 inhabit

2 Goseokdo -8.07 504.64 36.43 0.53 inhabit

3 Beolyeom -9.51 72.67 1.18 2.61 inhabit

4 Joreumseom -8.96 469.46 24.86 0.59 inhabit

5 Goeriseom -5.15 397.52 218.92 0.44 inhabit

6 Hambakdo -5.73 193.21 13.28 2.77 inhabit

7 Moido -9.69 72.67 1.18 2.58 inhabit

8 Bigajido -7.20 501.74 65.47 0.53 inhabit

9 Ayeom -7.54 500.43 52.63 0.55 inhabit

Beolyeom: . “’c@ﬁ
Moido Hambakdo| -

Ayeom \
Goseokd0|

TQ)%
H° & ¢
&

) pat
¥
o
L _Goeriseom‘
0 510 20 | @ Potential Breeding Site
[ —
km § & N

Figure 3. Status of potential breeding site.

F ONEUE, 2w, A, 28, A, & MAAR SelE9itTable 8, Figure 3).
B, Rolw, M7, obd)e] mAE A
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Appendix 1. Results of spatial data analysis of the research site

No Island name area(IT) ﬁlz lriltai:f A Distance to Pistapce to | Distance to | Depth of | Mudflat Rice ficld area
(km) mudflat (km)|rice field(km)| sea route water area
1 Baengnyeongdo 4,538 million 13.87 0.38 0.44 1.37 -35.2 3.18 9.67
2 Gujido 96,082 14.87 0.05 1.95 4.82 -10.68 6.68 0.76
3 Bido 17,256 19.38 0.06 16.41 4.84 -6.51 146.26 041
4 Seokdo 1,190 19.90 0.00 16.89 4.84 -6.6 146.39 0.36
5 Suribong 5,157 9.74 0.44 0.42 4.84 -5.36 411.17 85.69
6 Yodo 7,824 324 0.00 2.85 5.05 -4.59 158.79 68.84
7 Yudo 224,048 1.03 0.06 0.51 4.15 -4.48 178.41 225.83
8 SuhMando 91,835 22.83 0.05 5.01 4.83 -6.95 594.15 48.79
9 Gaksiam 1,170 7.70 0.01 1.04 5.05 -6.25 460.62 152.78
10 Sangyeobawi 1,299 9.79 0.02 1.06 4.84 -4.78 305.11 130.31
11 Suha-am 920 6.41 0.00 233 5.05 -6.29 393.78 130.57
12| Seeodo Apseom 10,915 1.52 0.42 221 4.85 -6.14 351.10 177.75
13 Maedo 513 1.76 0.00 2.14 4.85 -6.19 348.49 169.84
14 [ Namdong Reservoir 629 0.32 0.77 442 1.25 -1.63 450.87 59.92
15 Gapjukdo 1,091 17.53 0.00 1.83 4.83 -14.14 330.70 19.37
16 Hwangseodo 36,298 20.51 0.20 4.99 4.83 -16.23 291.46 6.28
17 Yuksando 41,355 8.60 2.50 6.84 4.96 -7.88 327.69 90.11
18 Sasando 26,392 8.52 2.59 7.09 4.96 -7.96 328.03 88.49
19 Samsando 8,052 8.58 2.74 7.31 0.23 -8.00 328.64 86.63
20 leesando 10,066 8.21 2.68 7.33 0.23 -8.01 330.43 86.13
21 Ilsando 253,303 7.39 1.82 6.47 0.23 -7.83 330.43 89.69
22 Suhcho 167 73 1.58 5.17 295 -16.49 311.63 16.03
23| Bukchangjanyeo 200 20.7 3.18 5.57 0.67 -9.35 492.15 28.96
24 Sogado 694 12.5 2.73 12.32 2.54 -24.19 4151 127
25 Pido 694 0.2 0.01 1.16 0.18 -11.41 549.17 5547
26 Kyeomseom 793 10.6 0.44 220 2.66 -6.14 351.10 336.56
27 Kkotseom 1,091 0.9 0.01 1.22 0.72 -10.71 547.67 54.74
28 Donggeulseom 1,188 27 0.00 1.26 3.86 -11.36 575.00 82.53
29| Namhwangsando 1,201 0.6 0.02 0.46 7.58 -5.92 363.34 381.98
30 Sodamuldo 1,785 8.6 0.02 3.70 1.51 -6.12 41248 300.91
31 Dongbaekdo 1,983 1.0 0.80 3.39 0.68 -20.97 125.04 2.30
32 Ttandungori 1,983 0.2 0.01 047 0.77 -11.09 546.23 60.49
33 Jinaeseom 2,281 11.0 0.00 3.07 3.55 -6.09 415.20 331.59
34 Dorangdo 3,273 73.1 0.19 21.70 1.32 -26.18 15.58 0.00
35 Dolseom 4,247 339 0.01 0.51 2.90 -5.37 351.77 296.68
36 Yongrando 4,247 33.9 0.02 0.76 247 -5.15 404.51 152.58
37 Susuttegi 4,350 11.5 0.02 1.07 8.73 -6.92 446.34 129.69
38 Judo 4,661 27.1 0.01 1.03 327 -11.37 576.90 79.73
39 Seokseom 4,934 1.2 0.00 1.51 0.68 -11.86 552.58 57.40
40 Soryeongdo 5,752 204 20.09 41.52 1.26 -28.78 0.00 0.00
41 Odo 6,065 2.7 4.49 17.46 0.82 -20.86 21.09 0.70
42 Seokseom 7,034 1.2 0.03 1.66 0.53 -11.87 552.93 54.98
43 Gwangdo 7,636 27 0.03 0.99 4.13 -11.36 575.00 82.91
44 Goseokdo 7,929 4.6 0.08 5.55 6.06 -8.07 504.64 36.43
45 Gyedo 8,231 0.7 0.67 20.20 1.83 -26.06 19.04 0.00
46 Beolyeom 8,881 0.3 0.00 0.44 1.33 9.51 72.67 1.18
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Appendix 1. Continued

N mmdmme | i) (o ot | vt ord|  ari)
47 Siodo 8,881 04 0.06 0.64 1143 679 | 46654 | 12625
48 Malkkeut 9322 L1 005 114 1245 662 | 46601 | 1272
49| Joreumseom 9917 04 003 100 163 896 | 46946 | 2486
50 Goeriseom 10,195 396 008 1.45 0.84 515 | 39752 | 21892
51|  Daeryeongdo 11,008 200 19.79 4126 146 2865 | 004 0.00
52 Dokbawi 11,405 02 003 041 073 1619 | 40933 793
53 Halmiji 11,702 03 029 390 024 2054 | 5715 22
54 Maedorang 12287 166 0.02 2.84 0.19 882 | 63070 | 1925
55| Donggewrang seom | 12,632 134 0.04 079 622 604 | 41548 | 32610
56 Manam 12,793 274 002 116 879 653 | 51006 | 14565
57 Jeongdo 12,832 71 0.04 244 028 614 | 4469 | 28437
58 Namseodo 12,893 57 0.06 583 224 1597 | 29841 1669
59 Budo 13,824 02 2.19 281 43 1817 | 336 | 3706
0 Gwando 13,885 16 029 19.19 1.50 2602 | 1930 0.74
61|  Daedamuldo 15074 83 0.04 337 116 613 | 41248 | 29681
5 Junguldo 15273 718 001 2324 118 2849 | 1605 0.00
63|  Sangbeolseom 15372 9.4 008 18.67 169 2614 | 2024 0.74
64|  Gombawiseom 15,768 49 345 1224 371 2448 | 4165 127
65 Napseom 15,780 38 0.06 1973 036 2666 | 1933 051
66 Beolan 15,368 47.1 0.19 404 132 2004 | 14677 230
67|  Sonanggakheuldo 17454 115 2.16 1246 248 2488 | 4228 127
68 Hambakdo 19041 111 176 8.84 16.18 573 | 19321 1328
69 Moido 19971 2 0.04 208 075 960 | 71267 118
70| Dongehojido 20330 59 0.04 7.54 L13 1440 | 36891 8.8
71| Norangseom 20430 05 007 0.94 8.9 671 | 44566 | 14675
7 Seonyeom 20727 03 0.06 054 1108 680 | 46490 | 12669
73 Sojido 2132 44 002 18.60 100 2639 | 2610 087
74 Haenyeo 0,116 20.1 0.11 L77 001 948 | 51976 | 2734
75 Gadeokdo 0,116 164 1574 3844 660 2730 | 515 0.00
76 Hodo 23,108 16 008 168 050 614 | 4464 | 28721
7 Janggodo 23702 108 002 234 690 635 | 0169 | 21145
78| Seomeopbeol 24,790 36 005 42 120 1479 | 45884 1807
79| Soguleopdo 25,785 0.1 0.06 1164 063 29 | 2851 127
80|  Habeolscom 25,785 702 0.04 19.30 1.83 2615 | 1930 0.74
81 Jaamdo 28,066 53 0.14 561 285 1586 | 35430 | 1731
8|  Mokdeokdo 29,653 208 2057 4357 799 2842 | 0 0.00
83|  Hwangseodo 2231 66 024 49 116 1624 | 29775 1135
84 Eunryeom 36,208 10 0.09 172 037 563 | 41927 | 21018
8 Gapjukam 37,001 17 245 504 528 4726 | 316 937
86 Bigajido 1,091 L1 0.06 214 9.18 720 | sou74 | 6547
87 0do 37,785 04 094 294 098 2626 | 1460 0.00
88|  Changseodo 38479 74 375 7.10 219 1632 | 38240 | 45.10
89 Beolseom 39281 9.4 0.10 19.12 1.90 2621 | 1930 0.74
90|  Nanggakheuldo 44231 113 252 1220 286 2478 | 426 127
91 Ayeom 4727 30 0.2 397 789 754 | 50043 | 5263




