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Habitat Use and Food Materials of the Endangered Swan Goose (Anser cygnoides) during the
Wintering Season. Choi, Yu-Seong (0000-0002-2058-2656), Sungbae Joo* (0000-0002-8472-7682), Myun-Sik
Kim' (0000-0003-0022-4779), Donguk Han?* (0000-0001-5991-258X) and Gilsang Jeong (0000-0001-8297-3532)
(Division of Basic Research, National Institute of Ecology, Seocheon 33657, Republic of Korea; 'Department of
Biology, Kyung Hee University, Seoul 02447, Republic of Korea; >Fundamental Research Division, National Marine
Biodiversity Institute of Korea, Seocheon 33662, Republic of Korea)

Abstract  We surveyed the habitat use and food materials of the endangered Swan Goose (Anser cygnoides)
during the wintering period at the Seocheon tidal flat. The bird wintered about six months from October 2014
to early April 2015 at the flat. They showed a remarkable change in choosing their feeding habitat and prey.
They stayed entirely at sedge grass patches on Songrim tidal flat during the early wintering period (October),
while after November they gradually moved to Janggu bay and used rice paddy fields as well as sedge
patches on the tidal flats as their feeding site. The dietary analysis showed the sedge grass (Bolboschoenus
sp., Cyperaceae) was the main dietary source during the entire wintering period. Interestingly, the proportion
of Cyperaceae on feces decreased slightly over wintering time, while the proportion of Fabaceae increased
relatively since November. These results suggest that the Swan Geese switched their habitat and food sources
in response to the change of food availability. The Seocheon tidal flat area is the important wintering site for
Swan Geese and sedge grass patches in the area need to be managed as the main feeding area for the wintering

Swan Geese.

Key words: Anser cygnoides, fecal analysis, feeding habitat, foods, LH-PCR, Swan Goose, wintering

N = A2 3t 5 A A Hol7t 7HESE A glo] B2 AEF

O] MATE F47F A28 (BirdLife International, 2013),

A W AAA R = #7150 IE aE | A0 &0l =2 BT AAA &7 Hetz
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2ttt (Jones, 2004). F9] A4 7 A9 EE9} A4
A o]l W AZEE gopof st AR EEZA A A4
A AoFEet Fo A ARE HIT2E AR AYgR
4 i, T EUAE 2 AR 240 8T & 3
t}(Soulliere er al., 2007). &+ @A A A x| o)A Q] 3Y=uf
g 7&51_]% EEHE fsg%_li\:-ﬂo /\gtﬂ-oiw 5‘]:?5‘ H]—}\gol-
= AHA A3 (AAA] F2 HA, Yol T ) &
MAE WFEE A5t B =Fo] 7Hs38lrh(Stillman
etal.,2007).

Ne] (Anser cygnoides)= &=, 5= H&5, Ao}
Aol A WAL, T 27 {9} T A gkl A
Y53t sotrotout EE35= 712 7] 5 (Order Anserif-
ormes) 2 |7} (Family Anatidae)®l| £3l= 3 <] 7|87]
2,4 AA BE AA=7E oF 60,000~90,00070 A4 2 5
AE = FA|Z HE47]|Z£o]|th(BirdLife International,
2017). IUCN &&= (Red List) BF¢7] 7HE 28] 5 3
QFi(Vulnerable VU)Oﬂ Gl Ao B ofr=
7 9 T HAA 9 g7 wstel EHAQl 29,
HEA 0117‘1«] /\1’51 Z27 A3t o= Qs HdaFAle] 3
= Ao F HIEIt(Poyarkov, 2006; Zhang et al., 2015;
BirdLife International, 2017). 3=toll M HE 97|03 AY
ElF, AA71EE A325-152 A FH HIARIFo|n],
10458 o33 3971A] e7dsktet g4k Aol 5
2 Z=st= AEEAM oIt § bottol A= = 7}
=4 o]FAI7]ol 3007HA| o]Fe) HlwA & ko] ¥
EA g, 129~2¢Y D570l dF A¢t 2 UE 549
A 100714 w]qke] v A2 7H1ﬂ‘?l | ®=HT} (Park,
2002).

£3] 4

A7 W Ao B9 o5 Apo] Jabu,
B2, 9ok 3% 55 A0 23 W 24 £7)

(Steppe wetlands) HA XT3} ZAJof FH o227 {9
(Amur river basin)®] 4] oz JFTEEH A MA AY
£ AR 90% ol4fo] BT g WA Ak o
HEOo 2 A7} 59 (the lower Yangtze basin)ol 4]
AEst= 2oz d8F o (BirdLife International, 2003;
Batbayar et al., 2011; Zhang et al.,2011). 5 2 A|o} F5
oFR=g SFRALGA WA OB Hke A2k A
B 7120 o) B AN QTS BT A
o BEFE Aol TARAWL, AFANH BFHE A
S71 ol Mo o} WAl kel YBA AT o) F=
Sol Bual YaAA gL Aol Ws WA gkl
WIa) AA7E @A) HE ol WAl ko] dhet A
AE7L REIL Ao A WAzt dFA|, A S
712 A oA o] A% &4 HsthE, A, WiE, B&

S7F 73 E AL Qlo] AT EAE g AR AT Al
H3}t} (Poyarkov, 2006).
tebd B ATl 24 B2V Ae nad
Z Fgo 9o 7| 2AEE 8T 5 e EFAAAY
RERE 400 BAE £2 +AEsct 59 25T
B¢ ATt o] 85k AAX L f3I Hold EHS F
s A7t AR 5 Hdl QR k= A4A 24
2 setsha STt o] 2 Sis) 2 AFolAL ABA
oA dE3t= e MATES g Z XX 9 A2
A o2 Wsh} YEAE Belsgon], 447 o]8

Hstel Hold o) I Hisl =fstit

b= A el F8 =R S
Fol7- A1 golth. & A= A 51
< AE Y AT HEE T4

) AN AT (Fig. 1). AHAALL o2
FEEEANF AR, ZHXIT’—*OIE )0l T3,
EMA, ¢ereuiee 5 HES B2 =8 -
UM R FX713A 012 dF Ao, A2, A
7] & FAH EFA7IRFE 2T FES EAFY
HFAEA WS Fa3gt A Yolt}(Barter, 2002; BirdLife
International, 2003). £33 2] AHY} §H=E 235 Ad
A S5 AMBES vz 42 EF90719
23t op 22 0] MARZA 7FA]7} o} 2008 24 1Y
HARTAGoZ AAEY oM, 20094 12€ 2= &
A2 AR SEEHAT ARAE-E A ZF=7HrE T
A NS S8l W™ Aol Aeu, AEA vy 9
of W witf &0 met iy AP HaET AE A
A 7tXE B3ske AeR A=A
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2. 7ix2 2LIE[R, MAX| 0|8, bSZAL

20149 10€~20154 49714 95717 59 wj== 1~2
3y F71Heg AN AAeE 2AEIReH, Aert &
ZE AFT AR K A= 7185k =2 A
FE 82 F WP A AYSE 7o St B
3 LE7It ARAEA A BEE Ao dFAF (daily
activity) S ZARIETH 5 2AHE F13] 24 AR H 2
T oA7EA Y A AT A Bk A, FA 5
T8 P H=E 7IESA. W 108 H o2 A
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Fig. 1. Location of the study area. Asterisks on left map indicate important wintering (Geum river estuary) and stopover site (Han river estu-
ary) for the Swan Goose in Korea. Right enlarged map show the study area, main wintering sites (Jangu bay and Songrim-ri, dashed

line) of the Swan Goose within the Geum river estuary.

+ AAE WAL E &34 PeS 7|5 AWAE
& (scan sampling with instantaneous recording) %#-< 9|
&3sto] Z+ JjA 9] 5= 71533 (Martin and Bateson,
1993). AA|5=7F 100744 w|vke 2 3 WO ATHA F
AlFE Hd 28-S 9A geH, TEA (x25~50)
7 (x 10y olgelo] B Wpoll Al v o B
oo, <1k Bolt BES 7|SaATt AEFIL 44
(feeding), &42] (resting), 73 A (alert), ©]5 (locomotion: H]
Y, d3)er FERsIGeH, FA A= ¥ (sleep), A
o557 (preening), &-2- (bathing), A 21 7] (standing) 5-©] 3
e w2 =5 Jj2vt v|gste] thE A How o] Fst
B, 7L dolxt WEe ERIgE o Ao R o]
Eoto] ZE FHE oA e, FERAE AS A
sklch & AFtolA g7t vdsto] o] 55t o, ol
A7t AAdAE 3km o2 77k 49 ofy e} o] 53]
T oS di7bR] dAAZE FHAA B[S A&
oZoll, B AIZE Woll i e X & wotstr] 7t =-dst
ok 1097 H 28704 w3 13] 2AMS AR, 7H
2] A& 47 oA gt ALole oA YT RAE
oA Eot= B97F AT wEkA] & Aol 2
712 o] YF2AL AR FolA A SAIHRE 235 6417}
A PF2AL o] Foi7l GO AAmTto R A5G T
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AR oA dFste Y AT Hold 4
Aske] HEf7h A B FA A Gl Holsle WidE
< S A AES ST FadAe 2AG
Al 7 Qe g 2RFe WEERA FS7] P&, =3
WSS BE JjE|Y] Ao R wastict B3t vjdE
AT o= 7t e LR o5 AAY, &

AZE F1 o] MidE =4 397 AP e F=
At Aol FE FA @2 HelolA =T
ZF 3" A ES SHFoR uddo] ol AJRZt
S HS Fasstal, A AFAR £71 &, 242
FAL(—80°C)0l &4 M7k Estth AHE viEdE
E25E DNA & 4 F2H A9 o7 2 g& a3}
st7] flsto] WiEdE w2 RES AASHL, oF 200 mg2
HEE ARE 2mL FEE §4 @2 F, SH]JEE F
4L Jo] AREHVIZ 1/30s THE o2 ARE 45}
#2371 ¥, QIAamp® Fast DNA Stool Kit (Qiagen)<]
ZR2EEZS et fjdE AR2REH ol thEt total
genomic DNAE F&3}%tt.
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heterogeneity polymerase chain reaction (LH-PCR) &4
& gt M) 2o 2A) Holdo] o) BHEA
ZH(FAM & HEX)7} §-2Hg Zeto||E 0|83t PCRE
Z& AA8ta, 7+ PCR AHE-E-2 High Pure PCR Product
Purification Kit (Roche)E ©]-8&3t] HA| &, o] &
A& st ol H HolHHo|AE TS
S AdolAHE HolHu o] A8k FA FHH PCRAE
of dis] 22 (Cloning) ¥ F7|1M <2 24& & 24 &
A ol ge] gt A714D HuE st 7 G714
< Genbankel] 55H H7|AE AE et BLASTN 4
< AAsto] AFH o2 FHSAH.

ojF HdERZFE FEH FAARTE A7t A4
AES GotE7] sl ITS2 Sl tieh 9ol Fol3 =zt
o|HE o]&sto] PCR TS ¥ - AAT £, 759 2
o| g Kol EjHo]ete] do] vlwE T3 A AT
Holgs AUt HEE Hold2 4 wjdEA &
7 HolFol 2T HiEE AR HlEs AL °l&
HIR O 2 Ho] A5 =8 whopstyitt.
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4, X2 2N

YAt = AAAEE 19
eSS BF due FA% §, 74 P50
&2 AAtstglon A f3dE 3 Fl
oh 2AHE YA TE ST 2y HAY FARES o
F29 2AMIA 90% oS AAStALH, HA Y5
o]F9 A% e A HE= Uyt uebi & A
ANM= AR A NA Y A FFH F4F v
< FHeE ZASHY 571t ¢ e Y Adat &
A ONA Y AAT FAE Wt fo4S FItst]
3l 3] FEA (regression analysis)2 AA|SFATH 3 A&
A 2AHLS SHHSE, P50E&S FHUSE
o AHE v E AEA FEE AEY A FE
H&& AlEo] AE gl wet =27 (109), 45
27](11~12%), Z37] (1~2%), 5371 392 2F3t
o] H|wslg e, v 152 4o Wl Mann-Whitney U
test 2= Kruskal-Wallis test2 B2 3}Hch B E S| 24
2 STATISTICA (version 7)% ©]-&3}%ith.
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Fig. 2. The fluctuation of the Swan Goose population wintering in
the Seocheon area during the winter period of 2014~2015.
Dark and grey area on graph indicated the number of indi-
viduals inhabited at Janggu bay and Songrim-ri tidal flat,
respectively.

@ oddol Hx 270A17F =R o] F, 1082 16704,
108F&] 687MA 2 AR} S71-E ol F, 11E7HA] 65704
7b A&t =gt 1290l SolAm 7974A2
S71RE ol F A% F71ste] 12€ 18U ZAMA A 101
AA7E = skt o] 28T STl & 6671
A= At F 3970 A7 FAE AT 380l AR
MAFol WMAAR JASHAA MA7E FA 743
ARG o, HFH O 49z HE AA7F HAXZ
A8 A (Fig. 2). o124 AAH dEA Gl Zafsh= A
2= 10 RAA A dFA APAER o] F3taL, 3
d~dgdzo] W2 dFA oA HAXRZ o]Fsh= Zo]
FAHHoH, EA U A-ALANA A7} A7 7]
HE oF /e E FAH AT

2. M718 2= A MAX| 0|8

AAAE FA A ANee TR AR 2329 o]
& AFE Bk A =3 A= 10€
o= tEE Y AHAA F2 HEFHOH, 47 &
T MAEe] A AEA G 27h= Aol A
th(Fig. 2). 22U 11925 E M= S8 AN &
TRk A Qe g o]Fstgon, 1YY o|Fo= $He A
HE AE o] §shA] ¢, B JNAIZE A A o Ant
=i

A7t A st AAAE AT 532 FlEHsNe
™, ZF A AR 9] o]-& EF A|7]H oz W37} LT (Fig.
3). me) 2710 1089 A9 A8 Aol et 44eH5o)
ojFolF o 114Y T o|F AN YAEFS &
% 2. (Regression analysis, F=5.503, P<0.05), &7 A ]
Aol AAEE B]&L Fa} 713519t (Regression analy-
sis, F=13.925, P<001). & $32 AdoA 22 By
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Fig. 3. The change of habitat use (%) of the Swan Goose in two different habitats, tidal flat and rice fields, for feeding and resting during the

wintering period of 2014~2015 based on daily activity data.

108 59 A8 Y WA R 2NN F
AABES AN AT Ao o5 119REE
A7 QA AR A Bk oheh 9o 7
A2 o5l AAstett(Fig. 4). et FABEY 73
& PATETE A G5V B AL e
A olgeigom, 718 FAWEFL foluld Wt 1
B efgiet.

A
ol

3. Ho|

i
HI

Al o] v A Eoll A ITS2 Yol et 7148 =4 2
e} Zo] ttg A R4 (LH-PCR) A%, & 51t 749 A&
AR A RS S 55T (Table 1). 7H2] Wi EZHE &
25 Ho|YL ALz} (Cyperaceae), &3} (Fabaceae), A&}
3}3} (Brassicaceae), 202 7 ©] 2} (Plumbaginaceae), U} &
T} (Polygonaceae)?] A &2 RISt 7] wiAdEolA
AZE Yol FoM Az} wjR}7)5F (Bolboschoenus
spo= AA €577 T AEEY AHAENA HE
(53.3~92.9%)%°] 727t €E71%F T AHEH =2 A
At 8 HolYo g UENth(Fig. 5a). FH41EY 7
., 1090l= 3] 2 v &= wjAEANA FAEEHAA
T (5.6%), 114 o] % v dZoA AEH H&o] FoHlth

(30.8~42.9%). Zt i = MENA HEH AEY A7E
&S HAs S WolE 49 AT ZE A7
AN Atz A7) R7h BAF) %A e (Mann-
Whiteny U test, October Z=6.843, P<0.001; November-
December Z=3.442, P<0.001; January-February Z=4.952,
P<0.001; April Z=1.515, NS; Fig. 5b). t}qt Abtjju]&of
qlo] AR} ABL UF FUVIR 252 thi ol 7
2 B o (Kruskal-Wallis test, H;=8.349, P<0.05),
S B 119 ol F HHoE ¥ tebuvt
(Kruskal-Wallis test, H3=11.901, P<0.01; Fig. 5b).

n %
Nels 907t shtot dAAsolA B

7b B3t 7H o Bakeke Aol BEE e H, 53] 3~44,
10~12€] 1,0007hA] o]4Fe] & F7F #E= St} (Park,
2002). 12y 12995 E 297119 F37|o= A
7b g3t Sl dRA G FA A SAA wTke] A
2 futo] B E Qe wheba] gHtat AR skt A G
Zg A AT HEE S5 2 9 L
5 Sl YFARE o535 (Park, 2002), ¥F= S7%
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(@) Sedge grass patch on the Songrim-ri tidal flat

(b) Rice fields near to the Janggu bay

Fig. 4. Feeding habitats of the Swan Goose at the Seocheon: (a) sedge grass patches and (b) rice fleids.

S AR o] Fste] YEdte AR FHETH(Kim,
2000). & A4 g7 A" H22 Nt =
3t Al71= 20149 10€0]%em, 20159 399 o]=¢g
AAG7E 2, uhA e QA7 AR S wd A7 = 4
Az} ol EF7IZF 5 A W AHA
ol =gt 7] Jdtol tE ANFLe g o|FstA] gL

o 67 ES AAAHNA dEsHe AL vt o
Tt 7R 2ALTA s Al =R A
MAZo] e Aoz olFsts AoR FAHE L (Park,
2002) 12820 AAAGAN AA57F QAH LR F7}
SETE OAl 27] =3 AAeE daste] fAEE
& At & s AAAE A BE FA]
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Table 1. Length-heterogeneity (LH) profiles of plant items extracted from fecal samples of the Swan Goose wintering at the Seocheon
during the 2014~2015 winter period by length-heterogeneity polymerase chain reaction (LH-PCR) analysis.

BLAST results

No. Mesured length (bp) Family (K) Accession
Description Query coverage E value Ident.
1 Brassica sp. 100% 0 97% 504.2 Brassicaceae KF218592
2 Bolboschoenus sp. 59% 2E-90 90% 4774 Cyperaceae DQ385556
3 Alhagi sp. 81% 1E-168 97% 482.6 Fabaceae JX494756
4 Caragana sp. 85% 0 99% 4872 Fabaceae DQ311963
5 Robinia sp. 81% 0 99% 4852 Fabaceae EF494737
6 Bolboschoenus sp. 77% 0 99% 503.5 Cyperaceae DQ385556
7 Persicaria sp. 100% 0 99% 504.1 Polygonaceae KJ939179
8 Limonium sp. 100% 0 99% 518.7 Plumbaginaceae KP231371
100 7 (a) Detection frequency At
:g B Gyperacess AMAAEANA L& Nele SHAT FT AY
. O Fabacese 2 FHoE LEGL. o] AGEL A 3 ol
£ 60+ Qo2 o|8EE WA 7]|F (Bolboschoenus sp.)e] A
c
& w0 787 B23hn g A%elch. ALl WA R, 2gel
B :2' = 5 fAEY 27 (thizome) B= 17 (tuber)} -2
. ARG F GoldoR HASHE Ao e o,
10 FU9 WEA EFF o] AZo] go] LEsHE o]
0 t}(Moon, 2005; Fox et al., 2008; Yoo et al., 2010; Zhang
Oct (N=36) Nov~Dec N=26) Jan~Feb N= 28 Apr(N=15) B B
et al., 2011). & AN = 7Hﬂ94 NAHE PR o
100 1 (b) Relative fluoresence intensity o] BIAE YA Hold AZ ATE uigroz A}
90 - M Cyperaceae
60 3 Fabacese BT B AEHOR 0| G ol o] oI5
E\,i 70 - (Bolboschoenus sp )2 ERIE Rt 1029 7H2l= $He
g o0 A hA7)% 2YAE FHOR HATES AN
E 501 114 o]F FH9t A qe g o]F3 Fol= wjAr| 7 <&t
< 404 _ N
I Aot 2@ BAAE 270 JABEL sk ol A
£ 20 47| 0§ Mt YF7|ZE F o S5k ol
10 ﬁ o WstE WT 32 S4BT Fox e al., 2008).
0 -

Oct(N=36) Nov~Dec N=26) Jan~Feb N= 28) Apr (N=15)

Fig. 5. Detection frequency (a) and relative intensity (b) of plant
items on the feces of the Swan Goose wintering at the
Seocheon during the 2014~2015 winter season. Relative
fluoresence intensity values presents as mean and standard
error.

Moz a7t sty ARHAL, 4571 B AAS
7} FolEk @elT At gel AAAEIAE &
A7) (1~2De = AR5 ST ol e AL A
ARl =G A7} BAsT AR WA =
YAl 9% A9 7HsAol Aee Ak, 1 AR
271 100747 ol3te) e FmolAuk el A we =
£ Mo YEAdorA AAREe] Fasita & 5

5 27] £ Aol WA Exals xR 2o
A gL A me] AEHow HAFoRM o Ao
Aol Holglo] Zolsgom, $de] AN ol& 75
3 wolglo] HEd| ol e 2 MdoR o) Fsh: A
o2 WA 379 A4O2 oI5 Al A %
AAE o/t HATES stgon, AHe|AE Hx7)R
2eA) 2, 5ARE 247} B oA F2 BREY
=
4 5747 A2 AR
£ o] =t
|2 o] ugo] =3 27]
o 5% AES] e B HnE Ueew 14 o)F &
AAE ol &SP 40% JE7tA Z7kshArh ol vhe
o7 x7|R oolo] BAX FH FI A2E oo

FI
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o]&3st= AR FATE 4 Ao, =oll Ao A4
< LY o), Bl EAste TN AE 71U #

Holdo g olgste AR FAEY. dWtFe s =
=dste 2713719 717 i 8AE A

o|-gstn, 4 T "olzl PR E F8 Ho|E
th(Yoo et al., 2008; Nam et al., 2015). L&Y & L9
ehelgt JiE] widENA W7t AEEHA g AR Y
FAANA HAgES oAl stejEte o2 7)Y
Fote 2 HAZE = Holg2 ofd Ao g s
E3 A= stolA b =& ol &St A Y
o, ol ot = HolYl w77 FER| oA A4
Shal QL FAFAR o] &t ALY AE £ ¥
F717F | A &BlE Eole Mo HoHY FF )
2] o] AAIR] e Wt 9o agt F7I7 F4F A4
7Hs et A A woldof gt AL Dasitt A=z A
APdE g gges 3% AEY FR/RE s,
S 9 A E EA4S SEl AAE AR AT Y
ol ¢ FFE Totsfof 5t, FAH W A Hold9
EEo} AEFS BrIstoloF & Aol

S AT ddjo Ado] HFst= AP AL
BSE Qg YUAYGLoRA, o]F AYE FHLE izt

15 <24 #EeF gEo] Y =A7] T HAE 5
A= FHafas Hastst= FEeto] niEEoojoF &
Zolth. 2Hd U Z=efist= T2 et AMAXE E3sH] 9
A= s A Qe Zefste ALY EE7IREF &
2o} o]Fo T A= A =94E Favt v €%
712F Bt &S] Zfiste AHAEY A AATT=
g2 et JEE 3] (12€~249) Fetolls A
7t S3skA R, @A dEA7F BEsHA WE AR &k
ok A Yeie B A2 skt Zefshe AT
HA| AHAAE MNA T FLsHA BAlof ol =T o7
Aol HAZZ ERIE T, st Mt AHAY
o] 474 BAL} AY 7k olFol #E A-+7F Dast
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