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Abstract

Understanding the regional distribution of swans in the lower Nakdong River area is also important for the
continuous habitat of swans according to changes in the surrounding environment of the area. This study was
conducted to understand the regional distribution aspect of swans (Cygnus spp.) downstream of the Nakdong
River, Republic of Korea, from October 2013 to September 2018. In the estuary, a small ship was used to move
along a certain route and observe it with the naked eye or binoculars, and in the land area, Line transect census
and Point census method were conducted in parallel. During this period, two species and 34,647 individuals of
swans were observed, including 34,356 Whooper Swans (Cygnus cygnus) and 291 Tundra Swans (Cygnus
columbianus). The average number of individuals observed in 15 different areas was 1172, 103, 214, 1825,
1850, 13, 318, 1, 0, 1, 11, 21, 5, 0, and 239 respectively. The total average of the number of individuals in
these areas was 384.76. The numbers differed significantly among the survey areas (Kruskal-Wallis test,
X2=4349.01, P < 0.001). Particularly, the numbers were larger in Eulsukdo, Lower Eulsukdo, and Daemadeung
than in the other regions. In conclusion, as long-term survey data, it can be used as basic data to analyze the
distribution of swans due to environmental changes caused by the development of the Nakdong River, predict
changes in the habitat status of migratory birds, and prepare measures necessary for preservation.
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Zo] 715E]o] QItHThe Ornithological Society of
Korea, 2009).
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(Hong and Lee, 2012a).

229 St Y32, SsAdch et A
G574 o2 Z YdEddstRolss Y (Crgnus
columbianus), E3Y(Cygnus cygnus) 5 252 1L
Y Cygnus spp.)’t BiEo] Ith(Hong, 1997,
2004; Hong and Hong, 2023). A48 A3+ &4
ShefA @Rl #BRE A7t o]FolH o (Lee
and Hong, 2008; Hong and Lee, 2012a), tiA4+E
o st B4t 2, e ottt A7 5=
ZRE gGEAstR A Ao B A= 59
(2008.10-2013.9)7t9] 7187]7(Hong, 2018)} 5
(2008.10-2013.9)7+¢] 1Y (Hong and Hong,
2023)7F Aoy, AY-E7, Yaid 2 A9 Y
73S AR Yok E A Ao et 1179
519(20013.10-2018.9)7F2] A4+ gl Aol

Y57 ob 2192 FH A1 FEA G799
T GA A2 2A S8 21907tz Y
Fr 2199 1UFo A 9E B A4S ofofot=
o] 219 9] T 2 §igte] mbE 11U 79| 2|54
A& A= Fagh onl7t gl

Fo L oY Hr
flo ol oft

2

2. 742 Y W

2.1. ZARR[H2| MA 2| eEs 53

(A)2 BAFALA ol E A4 5
QY SolARt BAFAGA] AJeHelE 2015 SR
e oftE 5 S Sl TAPE AW T AJEielth
BAFAEA o Adele & F4E M) L2
o] Fol=al ST

2k AAEB)E HE AWH2016E 9B)= 6]
AAE] o] ZEG o, o]Fo = ARt F1t
2ol 2@ 5o} ALl A Ato] o] Exo] At

ZAF 712 EE 2AA (15 A
4l

A

Ak

A= A A %o] Zefzet
ARz} 0 E SO o|Hle] e A B Aletal
Apefolo] sjgbrt A% A St 57 BRI AR %
A WP 2 A7 FAEle] o] Pzl
ANt I SB0ITY el 438 g 5
9l 0= Mgl ofF Watert.

At ELEC)1S BE AH0169 9D A5
o £859| mefelee] BE AbHon] Ea5 57
BRE Belsolt 205 2¢ F0 thm o U4
el AL AT A A So] mef Aok, ARt
o} =05 Aolo] SR A£G Ae] ST 4 gl 7]
oz Wstgy, Easelt FE(UTe, 2eh B)
of o] BaE| T glet,

24ERD) 24 717 5 20138 108l
Aula7) Ferol P gIstaont 20156 9BRE
ZaHgch

2EEEE S4ENLY A4 AL gRHge
o 4Esheel 20154 58 AR B9 52
S1a Aol Ax|Eglont ol ApHEA] 2ol 7
st glom Axe] wolg Agat] 91e Al4BY
wolg AFSL 9tk 201849 FUIIE SHEdL
ofef o)t ZAHH AFEA A B2 FEE AT A
gelet.

ASEPE FUAICR 24 QT4
ol &0l FAotv] 5L et 24 Ee17
A BEE AT AT S S0t AL
& 915 ol g5 Abetol mateh. WA W] B

Fej2er Sol gA4so] glo] BFAE-S ok 9l
ek

QUHC)E 453 AP BAE 717020097 ~
20111000 248 WA FAATEA) Y e
o= FHIsHA o] SHarstalct. ket QF R
oD 59 50 503 A RS Het Sujrt A4 H T
919l

Qur stee] g SR ABAe] FHE H23el
EALE O A902 71k e A% 2
on] FERE 4T HEIAY ol 2 5
g AR ST Ik 4ei7 HIARe
57 gk ot gl 4¢3 A
SI3 Hel mE HE(F)E 2,

WS D4 ER of) A9 shdol A

[«

1 @45l glom Fx

oy
Higy =

2

o)
Kl rlo 4

i
=

=

A
=
A&
=

% E]\HE'

=)
o
-,
£ 5



SE7dskRollA 20109 5871 YR Crgnus spp.)2] B A4 9% 535

7F AR 7] AASAL, et W eellis ol B E &
APE AlFE G, HEpESdAE WS w2
Aol 2Ag5lof AR Q1914 1Mol A< gl 5k
o] Fol vl gaste] NEER off WiulE

off 9= & e Fatstaltt.

B2 FAT AZDEAE e 2
= Flsfl FH e A= AHAAEE] 92 At
912 ZHol & Folw 2017 AHF7]of] AJZRE of
SAEAE A SAE R E 1A, 20188 AN
ol s (1Al S whet fx Ad3], 5hdo]
weg 4 5ol 2 Folt. =7t shdefAet ahd &
o] Fasit.

EAGRR()S SHA P FAFATA ojnhe
FAHAYE T Qo] 4t ol =
291 2+l F71sta et

EARQ(K)E AT o FRERA ] 2157
A §19) shekRols g whet Wzt
om0y FAF Aee] Eo] wldtsta 57t
S E Y ARRE 5777 27
F740 ool RA-vhat 317
So| AP Fog Myt o g 9l9]

? == T -
P

ofl
)
Y
i
ol
ro

it

AN

i)
N

<

fox T

N
B2 A0 239 ox

ot
—

5 2L
=g

i
o
Ho, 1ir

rOl( O_>"'.,
£

N
=]
of

I o

)
)
ool
o,
olN
N
N
o]
ol

A (D= AT EA] Aol mhe =1t
H Ao 57 A9 242} Aol At dAl=
A 27| m A ook 2Rk v HelE |
T 23E Rt SAPE A Folnt. EA
=d 5 S AR EES A A =

=

Ut o o o
M oaw oft Jp
v}
X,

o
filo
4o 1
i
ol
)
N
X
e

Holg aglH.o 2 Algstart
S 51 Bo] Yo gunte oz v
! 1 ERe 57} ol Ao

o] AJ4Jol] oteare zaet Al5Ado] &Aoot
FAENE 7ets BABAME Fre A 544

U

PASRO)E Ze7 150 T8 AN D45
okl we &4 A olAut Qe e B ¢
3502 Q1914 THo] S7HS Ik, SokHE
shae o 2REIUS 27197)9 Fa A4He]
A5 Qo] Shatsle] A& A A7) o] njet A
A4 W} e A o]t

H

2.2. 1L|Fe| FHAI4= RA

ZAe dASRRE YsAdet A Y sk
o] BE 294 5197H20013.10 - 2018.9) " 13]
T 11 ol RAste] 1o Ao ARAS-E JHAISR
APttt

2R G2 W), Wk, A
U Geaeht slle] ddje] sx a4 o
2 JHFES VHeR & YRR AYdEde
R S 49 117] Aoz thro] A =
(Hong, 2004)2t H&75H< st AbE2 571 A
oz o] ZF ¥ ZAKHong, 2003; 2005)%
cASte] 15702] P oz Frsto] AASHT, XA
£ AP9] BT AR golAde aesto] XA
A g s Shhe FEorE YA & UEkol &
Gt 2] EAFOlA = QEdt AT Afo] & FLEot
Ffom, o tubzit AL Ato] AgAdto] o}
Ue 529 aiet Asdin stche] Adsis &
goto] tiutbs, ste-g b A= R Y= ar, ARzt
T g 7t2 e gl 2R BEo| AT E 25T
g, SIS AR k@5 oleh ol S5 w0t SR T
Hohe Aot @l A S5k ool Al b
EfLbs S S5 2ok 2o OulE(A),
@787 - AZEB), @A - E85(0), @SHEEH
(D), GSEE(E)2] 57 Aoz FRsHA, sk
ATl A G5 2R, W, B, A9 A
doz Y57t ERole shrde AAR d-gmet of
T AR sitE ThteR At Y45t a4

: _
9oL SR S BB, FHE F
1

v

oM H o
ool %
ol N,
¢ H
f
ol
Eu)
=
o
0,
2
1=}
A
E
1o
T
i
N,
lo
]

Lo
05. flo
= N

0.
> %
i‘ 4
o=

N,
lo
frtl
oy
ot

E\L

N

N,

N,

)
du
i)

~

2l

o % il y r%
MO rlo
e
=z oI e T A
vsﬂz_?—“l-r
ITolc i o )
off m2 for El
it

=]
mlmjﬁlﬁirﬁ
R
F‘E[o o —*=
s
FUHHJB‘H
BN
S e i
NOHD R
L= AL
o} i M of
By o> o
2 fo o

, AEu-EYNE FAZ(N), Botul-
T2 HAHTH0) 22 ® E-&&(F), @ AUHG), @™
TZH), ©@3734(0), o54FE2(), o429
), @x3FF - SAE(L), B®AsM), BSAHEN), ©
A(0) 22 Tt thFig. 1).

o HOUE RE L o T T e X

oo
)



536 TEE - AR

Fig. 1. Survey area in Nakdong River Downstream Area. A : Daemadeung, B : Jangja-Sinjado, C : Sajado-Doyodeung,
D : Lower Eulsukdo, E : Eulsukdo, F : Ilwoongdo, G : Yeommak, H : Maekdogang, I : Pyeonggangcheon,
] - Lower Noksan sluice, K : Upper Noksan sluice, L : Jomangang-Doonchido, M : Chideung, N : Joongsado,
O : Daejeo sluice
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Fig. 2. Annual change of observed Swans (Cygnus spp.) in the Nakdong River Downstream Area during 2009-2013
(2009: 2008. 10-2009. 9. 4, 2013: 2012. 10-2013. 9. A; Whooper Swan, B; Tundra Swan).
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Table 1. The average of individuals of Cygnus spp. observed 15 regions in the Nakdong River Downstream Area from

October 2013 to September 2018

Site Year SD X2 p-value
A 5 1171.50 1380.26
B 5 102.67 76.12
C 5 214.17 282.22
D 5 1825.00 1637.22
E 5 1849.83 1647.08
F 5 12.50 14.00
G 5 318.33 256.30
H 5 1.33 2.07
4349.01 0.000™**
I 5 0.00 0.00
] 5 0.67 1.03
K 5 10.83 11.55
L 5 21.00 22.13
M 5 4.67 5.99
N 5 0.00 0.00
0 5 238.83 358.07
Total 75 384.76 915.61

"(p-value < 0.001) (A : Daemadeung, B : Jangja-Sinjado, C : Sajado*Doyodeung, D : Lower Eulsukdo, E : Eulsukdo, F : Ilwoongdo, G :
Yeommak, H : Maekdogang, I : Pyeonggangcheon, J : Lower Noksan sluice, K : Upper Noksan sluice, L : Jomangang*Doonchido, M :

Chideung, N : Joongsado, O : Daejeo sluice)

3.3. A/ 1L| 7ol A4 3igt

M o

5¥7120013.10 - 2018.9) TFH TYFE A<
2 AASE BA5H9tH(Table 1). Y543sHA(1570
219)9] Wt MASE= 384.76+915.61°102H,
ak5(A)Ofl A 1171.50+1380.26707, A} AZAH=(B)
102.67+£76.12704], AF-EQ5(C) 214.17+282.22
A, S5 ETHD) 1825.00+1637.22714, 255 (F)
1849.83. £1647.087H4], &-=(F) 12.50+14.0070],
F2HG) 318.33+256.3070A], M=7H(H) 1.33+2.077H
A, 7371 0.00+0.007H4], =A=E2() 0.67+1.03
WA, =AEAK) 10.83+£11.55704], Z29H74-E4]
(L) 21.00£22. 13704, Z5(M) 4.67 £5.99714, &
AFE(N) 0.00£0.00704, HHA4-0) 238.83+358.07
AAZA FAHCE 29 Ao 4] F-2]n]gh 2¢
o7} Q= Zoz ZRIHUTHKruskal-Wallis test,
=4349.01, p € 0.001). S&=oA 7P -2 7HAIS
7 HEEQ, ohy2 S5 E T, tnts, 9 oA
T2, A EQT ollen, W FAHEA

L) Qlolt, B8] 84w, 24w e} ok
o the Aol paE AAGT} @4s Bl

3.4. ¥ 2| TLIR(Cygnus spp.)2| MA! aigt

g9 1570 Aol 5a7 #EE IS
34,647MAIZ 71 B2 A7 B A9 25
T2 11,10270A417F T AT o] F 149 3,649704],
29 3,34970A], 124 2,8147041, 112 1,2837R417F
TEE L, o2 S5EETHO R 10,95470A17F &
Zr)glom 129 4,152704), 11€ 3,064704], 2¥
1,95370A, 1€ 1,715704], tHaks-2 7,03070417F &
ZEQEd 1€ 3,772704), 122 1,365704], 2€
929704, 92 1,91070A417F T = Y=l 128 575
A, 1€ 523704, AR 1,43370A417F =9l
12€ 821704, 1€ 55370417t =9 o, 1Y&F
7} Az Zishs A7) 10€0190eH S5 dd]
A AL B2 6070A 7 T E ATH(Table 2).
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Table 2. Monthly change of the number of Cygnus spp. observed among 15 regions in the Nakdong River Downstream frc
October 2013 to September 2018(A : Daemadeung, B : Jangja-Sinjado, C : Sajado-Doyodeung, D : Lower Eulsukd
E : Eulsukdo, F : Ilwoongdo, G : Yeommak, H : Maekdogang, I : Pyeonggangcheon, ] : Lower Noksan sluice,
K : Upper Noksan sluice, L : Jomangang-Doonchido, M : Chideung, N : Joongsado, O : Daejeo sluice)

Month A B C D E F G H
Oct. 52 60
Nov. 3,772 178 764 3,064 1,283 25 447
Dec. 1,365 120 214 4,152 2,814 34 575
Jan. 896 188 167 1,715 3,649 10 523 4
Feb. 929 100 126 1,953 3,349 6 364 4
Mar. 15 28 14 6 4 1
Apr. 1 7 1 2
May
Jun 1
Jul. 1 1
Aug. 1
Sep. 1
Total 7,030 626 1,286 10,954 11,102 75 1,910 8
Month I ] K L M N 0 Total
Oct. 114
Nov. 19 6 9,558
Dec. 5 35 821 10,141
Jan. 2 12 53 7 553 7,779
Feb. 2 29 32 15 59 6,968
Mar. 68
Apr. 11
May 3
Jun 1
Jul. 2
Aug. 1
Sep. 1
Total 0 4 65 126 28 0 1,433 34,647
4.2 YeAakrellA TURE 199019 tH(1989.5-1992.4.

TYFEE tE EARETL TRVIAE 59 A
2| 2] of| A TheFet S0l A1k et o] =g 91 &
Aolls AR &4 715 §s} b el 24z
A19] Q17te] el -5-o] lth(Luigujoe, 2018; Rees et
al., 2019). Y&otwe 9 1YF+= o,
FEAE2] LI SIEH S B 4 9l

B+ 2,707.0070A4) 1Y 5,2387HA], Z314 5,5907H
A, 200089tH(2002.5-2007.4, B 10,471.1771A0)
1Y 23,179784], 2314 39,64870417F =] 3l o]
At A TUFE 1990 HHE Tt 2000 el ZHAS
7} Z7FetAnt. A9 Ao A 5187H2008.10-2013.9)
IYE B 1,184.4704], 1Y Hd-2 6,319.2704
2 Z34yrt g o] QL 1YE 20079
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TErEgloL 5719 20179 12914 20189 2
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ol AR7F Atk AdEd

S
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A5 2ANY SLo8 oFof Helrt Hol Y
EFE U} o] ot Qe AR et o]F H&
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2 4 A™H(Hong, 2018). As7ele SAE, 215,
FA L= ke Lo dEste] glow, Ay-Erte] A
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=49 17704, 2221 37704, 215 2770
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