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Abstract

This study, conducted in Geolpo—dong and Gamjeong—dong near Gimpo—Hangang New Town, examines an area
adjacent to the Han River estuary, a major wintering ground for migratory birds. Over 59 surveys from October
2015 to March 2022 in four representative rice fields (sites A=D) recorded 44,942 individuals from 32 genera and
72 species. Site D, a large area near the Han River, exhibited high species diversity. Despite lower diversity in areas
under development (sites A, B, C), ongoing species influx and utilization persist. The study focuses on Anser fabalis,
a species predominantly utilizing rice fields, and identified their distribution characteristics. The analysis revealed 162
instances of population influx, with over a 30—fold increase observed across 39 surveys conducted over a 30—month
period (October to March, "15~22 ). The area, a key wintering site for migratory birds of Janghang Wetland,
about 5 km from feeding sites, is heavily utilized by migratory geese, indicating the region’s high value considering
migration distance and anticipated continuous bird influx despite urban expansion. Therefore, future developments
should preserve ecological corridors and connected stepping stone habitats to not only preserve existing habitats but
to secure alternative feeding sites, ensuring smooth movements and mitigating habitat loss.
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Table 1. Overview of the study area in Gimpo-si
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Name of Area (h?crt:re) Location No. of study sites
Area 003 41.2342 Geolpo—dong, Gimpo-si, Gyeonggi—do, Korea. site A
Area 004 90.1187 Geolpo—dong, Gimpo-si, Gyeonggi—do, Korea. site B
Gamjeong—dong 185.0614 Gamjeong—dong, Gimpo-si, Gyeonggi—do, Korea. site C
Hongdo Plains 223.0641 Geolpo—dong, Gimpo-si, Gyeonggi—do, Korea. site D

C Gamjeong

Fig. 1. Investigation sites(St.) in the study area at Gamjeong—dong, Geolpo—dong, Gimpo-si, Gyeonggi—do, Korea.
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Table 2. Comparison of incoming birds in the study area before and after development activities

Year 15~'16 '17~'18 '19~720 20~"21 21~22
Stud
area Y species | individuals | species | individuals | species | individuals | species | individuals | species | individuals
site A 26 1,269 23 1,161 18 498 25 1,034 20 621
site B 26 3,010 25 1,064 28 1,338 38 2,286 33 1,932
site C 29 2,097 27 923 28 1,638 35 2,162 36 4,222
site D 39 7,207 32 1,773 25 3,443 32 2,433 30 4,831
Total 39 13,583 41 4,921 39 6,917 49 7,915 45 11,606
(a) Number of species (b) Number of individuals
60 10,000
9,000 14,000
so 8,000 12,000
o 7,000 10,000
o 6000 —
. 5 o0 8000 §
S 4,000 6000

120~ 21 ‘217722

T19~"20

"15~716 '17~718

—Total —8—site.A =-43--site.B —A- -site.C —& - siet.D

3,000
2,000
1,000

4,000
2,000

T15~716 T17~718 '19~720 20721 T21~722

Total —&—site.A -43--site.B — =site.C —o- - siet.D

Fig. 2. Status of species and individual influx by period in the study area.

Table 3. Analysis between regional populations using the Kruskal-Wallis test

Kruskal-Wallis test

site N Mean Rank
A 5 4.00
B 5 10.80
N. of individuals C 5 11.00
D 5 16.20
total 20
Test Statistic
Kruskal-Wallis H 5.137
df 3
p-value 0.162
Table 4. Mann—Whitney test for independent samples between regions
g | P | W - | e | s
1-2 4.00 19.00 -1.78 0.76 0.95
2-3 4.00 19.00 -1.78 0.76 0.95
3-4 9.00 24.00 -0.73 0.47 0.55
4-1 12.00 27.00 -0.10 0.92 1.00
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2H8E 9D SHER.D)= FA Passer montanus 14,091
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Table 5. Comparison of relative species density of observed dominant species and habitat density by region

L Individuals site™ e O P
Scientific name Korean name R.D(%) A B C D S-Mig. note
- 14,091 2,037 3,215 3,008 5,831
Passer montanus ZHA Res
31.4% (49.40)| (35.68)| (16.25| (26.14)
) 9,214 65 1,639 3,300 4,210
Anser fabalis =7187] \VaY E.II
20.5% (1.58) (18.19) (17.83) (18.87)
4 Ihit A7) 3,628 44 178 608 2,798 WV
nser albifrons
8.1% (1.07) (1.98) (3.29) (12.54)
3,219 591 852 695 1,081
Parad s webbi; ZomaQRo - : R
aradoxornis webbiana | #21 ] 72% | (1433)| 045 | (376)| (485 @
Streptopeli ntali H] =] 3,199) 358 686 787 1,368 R
reptopetia Onemats = 7.1% 868 | (16D | @29 | (613 .
Pica b 73 2,317 385 664 499 769 R
e pre 5.2% ©30 | (13D Q10| (45 ©

*site( )
**S—Mig(Seasonal Migration) :

habitat density—(Number of individuals/hectare)

100%
0%
80%
70%
60%
50%
40%
30%
20%
10%

0%

site.A site.B site.C site.D

P. montanus R A. fabalis D A. albifrons  B1P. webbiana
ES. orientalis  MP. pica Oetc

(a) Proportion(%) of Species Distribution

Res—Resident, WV-Winter Visitor,

**note : E.—Endangerd birds Class

60.00
50.00
40.00
30.00
20.00

1000

0.00
F. montanus

A. fabalis

A albifrons  P. webbiana S orientalis P. pica

—&—site. A -i3--site.B —v - site.C —¢ -site.D

(b) Comparison of habitat densities of major species

Fig. 3. Comparison of species distribution proportion and habitat density of major species by target area.

Table 6. ANOVA (analysis of variance) for each survey site

Analysis Sum of Squares

Degrees of Freedom

Mean Square F Value p-value

13,895,576.33

Between—groups

3 4,631,858.778 2.476 0.091

Within—groups 37,412,591.00

20

1,870,629.550

Total 51,308,167.33

23
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3.2 APLHYRGZ RALEEY 3.3 BYESET(ESP| obdd=E, A7|d=2) 2 IUCN
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B2} C(0.94), site B2} D(0.92)2 el th(Table 7). itk X917 opAE IIF £¢ 27]87], IUCN AAM
B5 HE &M Emberiza rustica, AA71EEQ] Fx
Table 7. Community Horn's index(Ro) of each survey area &°| Falco tinnunculus 5 3% WA AHelA &el=|
site A B C D od, A =l gt AFFH Grus vipio (33
MANE S mHok(g Mub 3kzbg]ol 7 A1
Area 003 @ | - | o091 | 08 | 084 jxﬂ,)? °;°;(Sﬁt;D).oﬂ 1 L].EHHM;/’ -+ o
ccipiter nisus, W Accipiter gentilis, ™ Falco peregrinus,

Area 004 ® 094 | 092 ceep iy e & - P
‘ S\wa\58] Haliaeetus albicilla, =52 A AN Platalea
Gamijcong dong | (©) — 9% leucorodia B 2% AR o1% FolAt site B %2 A

Hongdo Plains (D) -

A = QITHTable 8).

Table 8. The influx status of natural monuments, endangered bird species, and [IUCN Red list species

. Endangerd Natural e IU.CN site e
Scientific name birds Class onuments Red Llsi N 5 C B total |S—-Mig*
category

Platalea leucorodia II O - - 6 - - 6 A%
Aythya ferina - - VU - - 3 - 3 WV
Accipiter nisus II O - - - 1 1 RES
Accipiter gentilis II O - - 2 3 1 6 WV
Haliaeetus albicilla I O - - - 1 - 1 A%
Aegypius monachus II O NT - - 1 - 1 WV
Anser fabalis I - 65 1,639 3,300 4,210| 09,214 WV
Falco peregrinus I O - - - 1 1 RES
Falco tinnunculus - O - 3 23 64 34 124 RES
Grus vipio II O VU - - - 33 33 A%
Emberiza rustica - - VU 12 60 46 131 249 WV

*TUCN Red List category : VU (Vulnerable), NT (Near Threatened), **S—Mig (Seasonal Migration) : Res—Resident, WV-Winter Visitor
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Fig. 4. Status of species and number of individuals by period in the Gimpo study area.
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Table 9. Influx status of Anser fabalis by survey period and comparison with existing data

Scientific name |korean name site ‘15~'16 '17~'18 '19~720 20~'21 21~22 note™
A 7 28 12 18 -
B 670 34 - 270 665
Anser fabalis 2718171 C 69 303 268 614 2,046
D 180 376 874 427 2,353
Lower Han River 22,160 26,614 18,359 14,226 41,209 P
*note(3%) : 2013~2022 Winter Waterbird Census of Korea, NIBR..
Anser fabalis Lower Han River
- PR N :

15000

g
Number of Individuals

58

2122

17718

1920 20721

o 2013 2014 14~15 15~16 16~17 17~18 18~19 19~20 20~21 21~22

=== Anser fabalis

——A 3B —A:C =6 -D —e—Census

(a) Anser fabalis Influx by year
and comparison with

census data. han river

(b) Annual influx status of
Anser fabalis in the lower

by year.
(Winterbird Census, NIBR,

R.D.[%)

——

© Overwew map of AHSC‘I‘ abgbs
influx by survey period.
("15~'22 years)

13~722)

Fig. 5. Influx status of Anser fabalis and comparison of census data during the survey period.

3.4 T4
& F0|
S At site A E 4 A& 4F
4% 6~23%F, site C= 5~25%,
site D= 10~32Z7H4] B Edom ZA}F 7)7F site A, D
L 7t ZAAE site B, C= Z715A12 Bt} site A9
MAlG AAa7F FEsEAAL, & A9 AR
AL 17~208714] A4S sithr) 204 o]
S Eh(Fig. 4).

i
5

4 B
19, site B2J

—Io|( pU

i EQl 2718719 A4 A W ool wh& il
HE o] AE Ad A, B Agoz A&Hoz FIE<
o site C&F DO A9 21~22F ZAPA ‘15~'164
ZAF tiH] 13ufell A F o) 30ui7bR] S7FEAIE Bl A
£33 25 B4 AAA02015~2022, 45 NIBR) &
AE A} 15~'16F %0 28] o] & e Hol

o7t 21~22d o] g 2 o 355191, C, D A9
S ARet vt AFF-E BHtH(Table 9, Fig. 5).

34.3 ChAr Z9| X ZH JHAE: 0t XEZ(NIBR, 15~ '22)0|
e A4 24
27187] o] mE At Ao 7+ AT B4 A 59
5 95% oA site CF D (r=0.943, p<0.05)7} %<
ATEAE BIL, ASHEZRFAANNL ARt B

A E site D7t FZE(FS) 0.0930.2 FAHoZ §-9
@ WAE Holm, oFH FueAR 2= glek(Table 10).

Table 10. Pearson'’s correlation analysis between the study area
of Anser fabalis and census area

Study Area | site A | site B | site C | site D | Census
site A 1
site B -0.774 1
site C -0.576 | 0.479 1
. .943*
site D 0.658 | 0.376 0.016) 1
0.815
census 0.488 | 0.501 0.803 0.093) 1

Pearson's correlation r: *p<0.05, ( ):p-value
2015~2022 Winter Waterbird Census of Korea(Lower
Han River), NIBR.

Census :

3.5 PRI F HAZ| 24
351 AL AIE HAX 24 Y th B oY) Bt Bl
AT g Ao = EAMAA) BE WSS v B

Ag A3t '15~'16 AA 1= FA|7F 284.2742hac A 21
~22¢ 222.5253ha® 78% HFO0 2 A&HQ ZHATF

stk 2719719 4% 92670A1(15~"16)o A 741
AAC17~'189) &2 tha ZAastg o 19~204 o]%
EA0 Z7IEAE HD, 21~'2UL 50647042 =
HA Faoe Bt Hx Z2AF ofH] 5u o] F7hst
A tH(Table 11, Fig. 6).

A o A AR WA o]y

A oy B AR

7 & WS4 Abolf] spearman’s ATEA A}, B R AT
74]T7} 0.5860 2 o] T W 7t Z7F Hx o] oFo] AR
A e AS Y, §gE2 0.0072 344

oz Fougt #AE We Aor F4HAH(Table 12).
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700000 3,000,000

500000 2,500,000

500000 2,000,000
900 Genegg 1,500,000
300000

= S P N
200000 Bmeegenaom 1,000,000
100000 500,000

A A —A— E A — e a
0o ]

15 16 17 18 19 20 ‘21

Rice fields Areafsite A,B}
Rice fields Areafsite C,D}

Year
—6—site A -8--siteB —-siteC —¢-siteD
(0) Yearly changes in rice field area in

the study area (‘15~21lyear)

Fig. 6. Analysis of annual changes in rice fields within the study area.

Table 11. The fluctuation in rice field habitat area and influx status of Anser fabalis by survey period

Study arca Years '15~'16 '17~'18 "19~20 20~21 21~'22
Gite A ©) 14.3921 1.0493 1.0493 1.0493 1.0493
@) 7 28 12 18 -
Gite B @ 24.4564 23.4773 22.5814 21.0005 21.0005
@ 670 34 - 270 665
site C @ 80.9900 77.4899 74.5576 72.0489 70.4931
@ 69 303 268 614 2,046
Gte D @ 164.4357 151.6365 140.0482 132.6695 129.9824
@ 180 376 874 427 2,353
Total @ 284.27742 253.6530 238.2365 226.7682 222.5253
@ 926 741 1,154 1,329 5,064
*@ : Rice fields Area(hathectare), @ : Number of individuals(Anser fabalis)

Table 12. Spearman’s correlation analysis between rice fields area
changes and influx of Anser fabalis individuals

rice fields fields influx
habitat area Individuals
spearman's r 1 586 *
rice fields Signiﬁc_gnce 007
habitat area | probability :
N 20 20

** 50,01

spearman's corrlation r:

3.5.2 G CHAF XL MAIX] 0|2 AlE| 2 0| H2| BX
FASFFEIEFADANA AT A H
Ao 2 AAlZ|
393l 7|87 RE TSt

ENEER
Az o5t 7er)RE

AR At & 593 &

2>
B
=

o]

el

4l rie _|

AR, o] ET MAES Feldr 2/ A 2704l
A Z 45070 A7RA] - 1623]0) AA Aol ZHz2F o]
=9t ol1® AAlze] ol Aelo] The AAA BE
A At AA| 1623] F F 3km Hol 903](55.6%) 2 HF
T3, 4km @o| 513 (31.5%) &, th2o 2 okt AA|
Aoz oF Skm oW FA 1583] /RA|T(97.5%)°] £ ‘ﬂﬂ
AL 71 & o]y AH2 o)F 2] (outlier) & IFof A|£]S
oF 5km oY A9L AF A U AHAlL QstH 0]5
Az At g4z HeE F AWl 245kt
(Table 13, Fig. 7).

QA7 717 dAF Aoz 44 Slal oldE sl
of o}% A (=5kmE BEstel 3T

i_4

O

}:i
om FW AN B A3 B4 B3 w29, 02
gEozt 97 g A9 ARE, FAE, oI5HE 57

Table 13. Number of Anser fabalis influxes by distance within the study period in the target area

; number of influxes
distance moved ———— — = — — :

15~'16 17~'18 19~720 20~21 2 ~722 total running total
lkm - - - - - - - - -
2km - - 1 2 6 9 5.6% 9 5.6%
3km 8 12 13 21 36 90 55.6% 99 61.1%
4km 4 3 3 17 24 51 31.5% 150 92.6%
Skm - - 2 2 4 8 4.9% 158 97.5%
6km - - - 2.5% 162 100.0%

# Reference “Fig. 7° for the influx location
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A AFT ¥, HEE ol Eeste] oF 2,980.9ha7t
2Esh= AR BHEYL, ofF AT Ao xgd 4, 2= AU 13
7 g% AL 1.299.0ha(43.5%)01 0, A ot 47 A
g9 = FA WAL 2225ha(FF FE NG JE oF 4.1 A Che 292] AP|E EE 2R O|Y HS 20|
17%)& A5kl 9A9iHH(Table 14).
20159 109~2022 39712] & 5928 2AtelAl
353 DIRICILY AAK| BIE(=SR)TE CHAS OIQRZE BRI 2 259 A7l 24 27 2z 249 15~'164e]
B BAolA f240] 00372 AT} Aefo] A4 7HE e, 17~ 18R] Ha § 20~214 ol F 2
sl afo] 9l Aoz BHAMEgom WA} 29 Z Bol= A2 HYth TEFEEA A E}% A2
A Hgte] FFe FE A2 A9er AL & 5 A FaFo] T site A A F H A
AR A sl o] ARPAR Folgt el ) T AN FASAL AHR B, C AAf AL A 2
on, Ze oFo] ApTIAR o5t ko] gt WAy TS| AFHUY FAF 271(17~209) M= FastIt 5
AR50 WAL 32 Qgrom, A o] AX S Hito] o A7 aRRelE 20 o]lF HAh slEshes ARS Hloh
Fol T Aoz =EH A (Table 15, 16) site DO] ¢ At o g F 9 AAS7 A4 FAE B

&km

1km 4km

- "15~716 —=—"17~"18 sty 7197720

-e-"21722

total

-x= 2021 --e--running total

(@) Analysis of influx frequency
by distance per year

[Total, running total]

(b) Distribution of Anser fabalis influx
by distance in the study area

Fig. 7. Temporal and Distance—based Influx Distribution of Anser fabalisin the Study Area(wintering site: based on Janghang wetland)

Table 14. Analysis of rice fields near Janghang wetland

Foraging area Total South of Han River study Area note
Area(hectare) 2,980.9 1,299.0 222.5 As of 2020
Composition ratio(%) 100.0 43.6 7.5(17.1)
Table 15. ANOVA?® of population change factors according to area and region
Model Sum of Squares df Mean Sqaure F Sig.
Regression 2609465.274 2 1304732.637 4.028 0.037b
Residual 5506159.926 17 323891.760
Total 8115625.200 19
a. Dependent Variable: Individual, b. Predictors: (Constant), Area, Site
Table 16. Coefficients® test for ANOVA
Unstandardized Coefficients Standardized Coefficients
Model ;
B Std. Error Beta t Sig.
(Constant) —945.753 587.737 -1.609 0.126
Site 865.463 429.265 1.519 2.016 0.060
Area -12.382 8.756 -1.065 -1.414 0.175
a. Dependent Variable: Individual
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2015~20224d, NIBR) AENA FFdS gdd &+ A
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Appendix 1. List of species within the study area(Geolpo—dong, Gamjeong—dong, Janggi —dong, Gimpo-si, Gyeonggi—do, Korea)

Scientific name korean name site A site B site C site D S-Mig* note** |[TUCN***
Podiceps ruficollis =rolg] 2 2 2 Res -
Phalacrocorax carbo YE7HEe-A] 94 60 14 15 WV LC
Ardea cinerea H7rE 28 35 44 66 SV LC
Egretta alba alba ez 3 2 3 6 SV LC
Fgretta alba Zrhu= 21 105 52 54 SV LC
Egretta intermedia =z 1 SV LC
Egretta garzetta A 1 8 8 14 SV LC
Platalea leucorodia Rz oA 6 Wy N, E.II LC
Anser albifrons A]7]217] 44 178 608 2,798 WV LC
Anser fabalis 2719971 65 1,639 3,300 4,210 WV E.Il LC
Tadorna ferruginea o g 28 6 31 WV LC
Anas platyrhynchos Heed 20 139 35 57 WV LC
Anas poecilorhyncha S5 2.2 244 589 246 554 Res -
Anas crecca 428 107 23 54 WV -
Aythya ferina =7 3 wv VU
Mergus albellus 2lH|e.g] 1 1 WV LC
Accipiter nisus A=l 1 Res N, EII LC
Accipiter gentilis Zhoy 2 3 1 Wv N, EII LC
Haliaeetus albicilla Sl walag] 1 Wy N, @I LC
Buteo buteo B 1 19 32 34 WV -
Aegypius monachus g 1 WV N, E.II NT
Falco peregrinus of 1 Res N, ®I LC
Falco tinnunculus x| 3 23 64 34 Res N LC
Phasianus colchicus i 3 10 5 18 Res -
Grus vipio AFF0] 33 WV N, E.II vu
Gallinula chloropus AEH 1 SV -
Fulica atra =9 3 1 Res LC
Charadrius dubius HWoRE A 1 SV LC
Tringa ochropus EEEE) 2 2 PM LC
Larus argentatus Aoy 7] 18 WV LC
Larus crassirostris ol Zuf 7] 1 Res LC
Columba livia HHE7] 138 55 268 460 Res LC
Streptopelia_orientalis v E7] 358 686 787 1,368 Res LC
Alcedo atthis =3M 1 SV LC
Dendrocopos _major QAT 1 1 2 Res LC
Dendrocopos  kizuki AmohE] 1 Res LC
Alauda arvensis ZrE] 12 164 330 326 Res LC
Hirundo rustica AH| 6 3 SV LC
Motacilla alba ereu|A 8 10 7 9 SV -
Motacilla lugens s oha) A 8 11 31 19 WV -
Motacilla grandis He5sh| A 1 1 Res LC
Anthus rubescens wrErt] 19 27 PM LC
Hypsipetes amaurotis ek 131 176 176 145 Res LC
Pycnonotus sinensis HoolupAErE] 2 PM LC
Lanius bucephalus w7Ex] 7 13 15 17 Res LC
Turdus naumanni 72| w7 4 2 WV -
Turdus naumanni naumanni Lok x] ] 1 2 WV LC
Paradoxornis webbiana Homg] @ Bxo| 591 852 695 1,081 Res -
Regulus regulus A A 6 WV LC
Phoenicurus auroreus A 40 60 70 75 Res LC
Saxicola torquata H2whA 2 SV LC
Aegithalos caudatus QE40] 21 9 29 15 Res LC
Parus palustris BER 17 23 9 Res LC
Parus varius LZ8o] 3 7 10 6 Res LC
Parus major SRR 41 55 57 53 Res -
Emberiza cioides HlAg 2 3 17 Res LC
Emberiza chrysophrys LA 2 PM LC
Emberiza elegans - eel A 149 248 201 608 Res LC
Emberiza_spodocephala A 2 PM LC
Emberiza rustica 24 12 60 46 131 WV VU
Emberiza pallasi e el 1 10 Wy LC
Carduelis sinica oA 69 152 222 304 Res LC
Fringilla_montifringilla =AM 98 15 44 WV LC
Passer montanus dybowskii ZHAY 2,037 3,215 3,008 5,831 Res LC
Sturnus cineraceus RECH 5 20 5 47 SV LC
Sturnus sericeus FaRax 27 1 PM LC
Garrulus glandarius o] x 1 1 Res -
Cyanopica cyanus E7HA] 5 47 3 38 Res LC
Pica pica sericea ZHA] 385 664 499 769 Res LC
Corvus corone 7kt 2 12 3 7 Res LC
Corvus frugilegus w7k} 250 WV LC
Corvus macrorhynchos 52 7ha 25 23 37 26 Res LC

*S—Mig(Seasonal Migration) : Res—Resident, WV-Winter Visitor, SV—Summer Visitor, PM-Passage Migrant

**note : E.-Endangerd birds Class, N.-Natural monuments
*#HFTUCN : 2022 TUCN Red List category(VU-vulnerable, NT-Near Threatened, LC-least concern)
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