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A A (Platalea minor)+ B %& (Ciconiiformes) Ao ) 3}

Mr

(Threskiornithidae) ol %3tz Fo& e FxFolw, =34l
92,7009 ApAlCl =3 AL AATLOE skl @A TUCN
Red Liste]l ®%97]% (endangered species) 2% S A& o] gt}
(BirdLife International 2001, Yu et al. 2013). A | ¢] HX &= &

Solalote] F@Eo] glow, b AY, T3 24 2 A

AFE, 4, T=, U=, 33, Bl nirte, HEY, Fd2d &

2 9% 3%tk (BirdLife International 2001, Yu et al
2013). =l E F AAE HEV] oM E [+, dAVIE=
A2055 % AAgstlor, Fo AAXRl Aste AWy HAARE

HA7IEE A419%, A3895 = ZHzF A At Hsslal Aok

Aojrf= A, sk, FoH, A FBA & FE SL
A o] Fe FAE AAAZ o]k, st W AQS] FRIEA
A Aoz WA stk (BirdLife International 2001). o] 7] 3l <tel
A MAetE 2RES AW 98 =E 7131 94 (salt gland) ©]
aefolel dEY w27 %2 AT Holg: ol&% F U
(Holmes and Phillips 1985). 184 AHxj FLd3s+ I}
(Threskionithidae) ol €3t 3t =] AL5A oA HASE= n)

1

A L) ¢



23w Q7| (Eudocimus albus) ) 73%-ol= 7F F £

o] Egkdsly] wiite] FHo 7goint Wy "ol g
Ao Holg Fol fFxolA Foldts st FoE HuFHT
(Johnston and Bildstein 1990). =3 A AAle] 6F0] Hi¥ o]

)
=

g

A= A AN (Platalea spp.) s AAAME AL & T2 +=2

S SA oA WA slth= Aef 9lo] (BirdLife International 2001)
=

Loggd A%el §x0 o3 voldd Aow AkE 9
(4 2006). e AF7AA SO AR WA FEE 24
AHA ol 2AE Fal Aot BEA HolB ol gutks Px

I DL 3¢

olr

2001, 7 2004, 7 2006), F+x° 9%

ME 5wt g9y voldd FoAel B 3P ATE
3§55 4ot

279 AN A ATE A AgE TEZ U PSR B4
B AAA olg A B AEBHL PHES WFHQ 2AE A

FotA] ok o, molo] gk GE ARl FEVE Al¥std, 54 |
o] FHO HEE A EE Fd FUHE JhsAol EASTt
(Votier et al 2003, Inger and Bearhop 2008, Lindasy and
Meathrel 2008). #<* ol#d 7|& A4 W dAE "o
s =R A AR Agtel 9l
isotope) & ©]&3F Hol WL Ut

—

YA 914 (stable



steta] 542 goy, AR tE AZs z2ta 7] wite &3
&2 ke AETH qh3olA thE T2 Jhgste] gy F9d

M
e
73
o
S
o
o
1)
—
=
[eb)
o
=g
)
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)
=,
o
2
©
L)
O
o
2
2
N
N
)
olr
o

3L 3tk (Hobson et al. 1994).
= A A FALLN (PO E 4 H
ol MAehe AEol vl A AEelA =A HEhr] wE
of An|AFe] AAA] o] g HE= ol A e dofeo] o] &
=31 Itk (DeNiro and Epstein 1978, Bearhop et al. 1999). °o]&
231 Ao W §1°C o ¥ &3 (fractionation effect) 7} 1%
oJf = wi-§- wleksh ®HAol S o= 3, ZF AEiA ol F
8 JUY71A (trophic base) )1 &4 21& 2 471 7123 A=
A% 4 A Z5F (benthic algae) 3+ 6'°C 9] zol7} A9
A2 9 1°C of] W= 7] wjito]th(Hobson and Welch 1992).
ol# et Fg7IA 7+ §°C Aol 47 G A THEHE o
Abglebagl FRAbA L 6 CEk Afole] sk oz v gl sokx

S (surface ocean water) (b oJAFS}REA HY o F91d4 wdh

>,
!
ot

=
i

33 &' (equilibrium fractionation) el 2J&ll Attt (Fry
2006). AAZ t)7] F olatstetAe] §1C = —7%, EFFY =



Eated o] §18C = 1% ATolEE oF 8% AL zfo]E Rl
(Craig 1953).

Hgd FALAR(S PN AF AEAAA PN 7} W&
A7t AR R wiEgel weh, A el A

S "N = 7FXA @th(DeNiro

and Epstein 1981). webA b4 S AE o] &3 Holgd A+
o glo] wolol ket (trophic level) & 3Fetdlr] §lato] A&
Haoolow, Azt ¢PN & Holdel nlste] oF 2-4%, A% ¥
& s T B AEC] 6PN & AF W5, FAErE, 1)

Y HAiedd vz d AS SIS ¥ (Schlacher et al
=

1|

2005), ol Aiedddo] dryol i, 2ALFE o Ax
A3k (nitrogen transformation) ¥4 W g4 B Loz
Al =& 6 NS 2b7] wiitol wAgth(Valiela er al. 2000). 4
Ao A Y AU NO3) S 4-6% FEE YeEtdE W
H, SAF #H7]E, g 9 A 9, vE T 2AeddE 8-

25%° =& e Yehdle Aoz RuHAth(Kreitler 1979,
Heaton 1986, Kendall and McDonnell 1998). WetA 299 %
of A% FAUA ] BET o]F wolz st 49 AR 5
PN BAe @7 ul od9 sterel glol fgetAl AgE R gt
(Hebert and Wassenaar 2001, Schlacher et al. 2005).

& AEFTY] BAS faMes WA didEe AEA, A4 5
o A ol gel I AEA FRE grsta, 2o mE Tk A
AA 8] B 9 #e)rt o] Fo]Hqef gt} (Goldsmith 1991). 24
2t Aok AAZA L AATES] 90% o)/de]l WA s Ao
A Bl SR del 20109 TEE AoAl B AE (action
plan) o W= f-2vfete] sier Ao Adnt A 7hH e whE A

4
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I. a7A

Aol dE AT

Aoz FolAlof ek o] A H O FIEsh= FIEFE
1950 o= o] &3t oAFHAME 7|55 o (Hancock et
al. 1992), 1988 °ll= A AlAle] RAIT A2717F & 288viel =
e = T NAIF7E S3stel d@E A7l A FoE I EHAY
(Kennerley 1990). ©]% 1992 TUCN &A= (Red list) o] 472+
3 FF97]% (CR: critically endangered) © &2 % %% 1 (Hancock
et al. 1992), AoJAl 2 A= (Action Plan for the Conservation
of Black—faced Spoonbills)©] =gl we} Aojxl Bd 2 AYE
of that A7 2AH R AU (Chan et al 2010).

Aojafel thst A= Hdf LA FFH dvbs FHCE A
21 AIZE Aol 9 A A Alzkdle] gk A5 (Yu and Swennen
2004a), ¥-57] AMAA ol§& 2 MAA 54 (Yu and Swennen
2004b), Hold ¥ A2 2 E (Swennen and Yu 2005) ¥ 9 W&E
A& o] 83 Hold A+ (Ueng et al. 2007) & L5 el st
AT7F rEs] o] FoiX AL Utk =ule] EE ARl AFEoAE FH
(2004) ol Jstel e dg, A5, Holxd, dFA] o] § 9
ARkl A el ek Ag-7F o] Fol Rt 1 fJel® Theh] H

ZAFE B ol AR W AMAAE )

4
3 ATE ALEE T Qo (Ueta et al. 2002, Wood et al. 2013),

6



T2 BAS 23 A4 B3 (Cheng et al 2006) 2 A 7RAT-

7] 74 (Yeung et al. 2006) &2 9 Fo] St}

a2y AolAl ARl sl E el MAAQ T 284
Ay Fot gx, U9 A3t depds 9F sl | 4
o g 7]Z2AQ1 HA Aol tist A7t o] HF S ¥ (Chong et al
1996, Chong et al 2000, Wei et al. 2005, 7 2004, 3413
2006, 2011) ofxds] MA7] Aoje] A gl g2 AAs] B3
AA S Aol WAV QA FA Hgt dyEE FEE 4
A BEAE Sk Hol F gRlo] tiFEolglew (¥ 1963, 4
1998, A & 2001, 7 2004), % W2 JHATLE A2 s
4 A A o] &E ZAFE FE AIZIE AoAl HolAkd o] &
ol debd Zlolgh= 7Rl AZIE AT (3 2006). e oA 7}
A wolgd o]gol thsh FFAQI A A7l D A9 v]ae] of

3 AT ol FolAA e gapeltt.

of
o
o

—

NS

o
O

& AT AR AR, FEke, e A, dakeld WA st
Aol WA Holapdel thgh A= o]H wp glom, T
g AEH o "ojx glol M2 v AASEE Zta 3]

|



ol @A 7%Fo] dHEA ¢ka, HdsHo)

& of A A FAOo® st

S AEHAE AL 4 ot (Johnston and Bildstein 1990). T3

AAE S AF FHle €2 ouAE doR 3] "ol A
o

2o 4Fs AT + Atk Burger and

)
ofr
_O‘L
N
2
M

T8 4w 7| (Larus glaucescens) | tjsr 9% A3 A A4,
Zo] A wet % o] Fx W AFUY HAaet A4 e
o] o]l FTEO FUIYE Ayt BauEAvr(Hughes et al
1987). Laughing Gull (Larus atricilla) NAE 32 A%l uz}h
Aol 7|so] sy, F3 7)o duS AFHAS 27 v
AFHsHA] &2 fFxel Hl& AFEC] dWues Ayt RaFHdn
(Dosch 1997). w=r38w} 7|2 Af-ol= §3 °oF 20 ¥+
o] ¢t stz Aow dyA Qo 21dH e FxeolA 1
Aol HolE Folst A3, Hol HH A, €5, Al 98 55
50| YErst Johnston and Bildstein 1990). ©]g3t A4+ 3=
< AAR HEst 9 FHo] o Ay 2/ HAAS W

& les BoEn.

ml
X



Fx
WS 23] FFo thdt HEd dE £AHS WAsHE Ao=w
2t A Ut Common Eider (Somateria mollissima) &= QA EE o

gl i o7t 32 gaRd 5575 AuHor olgeh= A
o7 Yel o™ (Nystrom and Pehrsson 1988), California Gull
(Larus californicus) oA AlNg &l 348 ®olE Foldh=
Aol B %tk (Mahoney and Jehl 1985). Laughing Gull %! #]=;
e 7] A AAA FRE V4ol ofd Wy "olXl s
A4 HolE Folate] f3¢ WA Aol 7hsstAl st A

© 2 et (Bildstein et al 1990, Dosch 1997, 2003).

I

Bt WMAA| oA AFEAl WA S
of gthw, alld T WA qlo] MAA F T
g "ol ZhgAde]l mig- Fod Y Aotk 1970dY EuUth
= F)ZY% (Caroni swamp, Trinidad) e ¢@H3} olF Fuwte7)
(Eudocimus ruber) ] W2lo] F@¥ i, 1 o]fo= H|H2A 74|
o] AAA HEE FAAZRR AREED ke ATrE A GaEE g
}(Bildstein 1990). &3 $wo7]E 33t 1059 we7|F (Ibis
spp.) 8] WAMNAL A7] e WAdEFEC]l drEAet FFA Hol
o] 7hg/3e Wgtel PEFS Wethe At BaElvh(DeSanto
et al. 1997).

ok

FATA AolAl f7t Aol Hoke Zolet FhAle] i A
49l FA% vlugAE, Aozt BE/FE @ AA7)Y

Aeo] o}, A% W APe EF A¥ 22 vl g AT
o2& Agolth. M o] Aol fx7t B AolAlel &

L worFel gl A4 Hol A wE A% FHe] ot

3
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7}s 3tk (DeNiro and Epstein
1978, 1981). 53] A Fdh EH4S o] &5 dAyex F=
o] ol A A Wil e e S (P ek G
Abole] Holg o] &5 uotst = glom (Hobson 1990, Hobson et
al. 1994, Mizutani et al. 1990), dA2] A f-oll= ol st
AE Rkt (DeNiro and Epstein 1981).

L9

Y FALAE ol &3t =/ A AH A== JhA 4
o] o]& Hli(Inger et al. 2006), A4E 1+ o] JF A Aol

A (Forero et al. 2005), &4 ZFolA fFxolAl Folst
= #Holg zole thdk A7 (Bocher et al. 2000) & Fu 9 F3t
ol g FE&e] i A+t &ds] o] FoiA L vk HEdE 24
("o, 25, ") Fiol web vhekst A4 w9 Ftke] |
ol thst RE REGsH7] wiFel], o2 =4 #A4& S AzE

= d o] g2 wWigle] gt A% AEHFORE oA
At (Inger et al. 2006, Steenweg et al. 2011).
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o Al7lell A Zlge] BAS Fall A7 wold o] 89 Wt
2 FetsteE A7 olFHA L Tk (Hobson 1990, Mizutani et al
1990, Bearhop et al. 1999). ¥3F Thompson and Furness(1995)
= BwrEalzbu) 7] (Fulmarus glacialis) @) RAENA e 23} o}
At Afolell el WEE UEhdE HAowH, JlEE ol%
sto] Zleo] zeh= Fete] wolgd wiste] gt A7) 7hesith=
A& Bt o]F  Laughing gull, X252 AN (Platalea
leucorodia) %2 AAGNZE o] &3sto] AFte] wE fF39] 3
T4 2 @A ol HlE W owo] JotA Wste] it A7t

o] Fo A o} (Knoff et al. 2002, El-Hacen 2010).

AAA oA MA7] Aol A HA ATNN AR TE

= %49 9 UEE FA B 3 3 52 Yol x4 o] 9 A
2z o] Lof st THAFol FHHARQl AHTS IS 4 vl ¢l
U= SHAIE 7FA a0 Qlsith Hbd MgA w994 242 A7)z
e AAR Ao F3tE = Holdd sk JHE IS5 F b
53] A E9 kA YA B A% AlRNEE de% |
MAE o el Ao ZE oy AAadAe]l Holdel st FH
= o8& 4 9Yri(Thompson and Furness 1995). waba] H &9

X
ol
2
2
=

= A9 4 sodas BAs EEVIE

0,
2
2

N
=

& Azgsts BA MA7 AN EAel

]
H
dat A 24 W BgA o8zt e Ao puH
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o 47 a8 XY

2 odTe QA SAE TARE, AN FT FEL AR
5T HE : wl

AR oA A E A (Figure 1). HAA] ¥ 7 29l zfo]E <o
o] Slste], 7IE WAT] Ao AMAX7A o]F ATt
20km olH, #3719l 5 Yo F2 1lkm o]y AMAAE o] &
stohs A9 493 2006) 5 vig o R, @AY 2009 W EAIH
%9} ArcMap 9.3 & °o]&3t™ ZF WA %] ¥ 11km, 20km W U
grsA w4 g A WAS FEIIvH(Table 1), A X9 7

$ R AA o] Hake] Ha gl EANBEI ALHA
9 ©

§2
32
~
=)
o
2,
N
®
)
—
9

T 59 370 38 177, F4 1257 40" 547 Y&,
P AHFAA ST AFA AF el Fate] gt WA
5.01ha 9] FAdEAMoln, A =e}= oF 1.5km Hoxl o 9%
st} (34 5 2006; Figure 1-A).

A oAl AA 2ol HA EESE lon, FoiAE
(Setaria  viridis), A% (Polygonum  hydropiper), 719%
(Polygonum longisetum Bruijn), 8o} (Chenopodium album),

28 & (Portulaca oleracea), 2o (Rumex crispus), ©3°| 4
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= (Parthenocissus tricuspidata) < 3X3ret 103 19F0] 7|55 0o
UHH(E 2010). HEFE= A 7R A2 7 B3] Qo
v G| Y = (Parthenocissus tricuspidata) AV (Carpinus
turczaninowin), RBEFUWYE(Elacagnus umbellate), @25
(Quercus dentate), VR (Prunus sargenti), =@
(Fraxinus rhynchophylla)s ©] ASshe Zo®2 BRI QH(E

2010).

FAGE FAZTE 20km Aol QOom, Aol WAA F 7}
4 A olAq Wel "WolA 9t MAK o MAA F

w
&
off
ol
—
\)
(@)}
w
~
=
10
ok
-
R
38
5
2]
0Q
o
=
@
—
|
g
o
2
R
Hr

Aol oF 4mE Yo} wkx Alef= A WAL 70% FE7F Eol
FA71A Bk Aol ke #o R o]Fojx glom, EokFo] I
dEo] A ol Aol A9 AekA devk A T A=
Mol Wskg) o AW % (Suaeda japonica) -2Fo] T} (F3HA
% 2006, % 2010).
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Aol MAL 31.08km? ©]t}. 20km

17.31km? o],

o

146.69km? o]t} (Table 1).
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4. AAE

Aepd s 37 G99 Folg]o ol AT s 79 Felw
2 oolFoH FER, B9 34° 08 74 125° 07 o Y3

X‘i

)t} (Figure 1-D). ol dw 7| (Larus crassirostris), =35
W 2 (Egretta eulophotes), A I 7F HAS= X9 o2 1997
A FHo I £S5 33 Wz 23.27havt HAVIEE #1389

=
dH AT (ESAF 201D).

=

o

d
¢

O:

oE A

TN A FlA Wz Al el @) A v F e Al

& Mol PRl A Aol Bxa ek Fo 44E W

AVx (Clerodendrum trichotomum), "8 9V (Chenopodium album),
A (Brassica napus)Z ©]Fo1#x glom, AAR= o Ehit

(Mallotus japonicas) 8} B.#l4US (Elacagnus unbellata) 7} a-2F
S o] F1 UGSt 2011).

|
18.66 km? o9, 7l WAL 10.08km? ©]t}. 20km ¥4 W9
A4 o 54 106.81km? 7 25.96 km® ©|t}(Table 1).

16



Figure 1. Location of the study areas (A

: Guji Island, B: Suha Islet, C: Namdong Reservoir, D: Chilsan Island)
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Table 1. Total areas (km?) of freshwater and mudflat within 11km and 20km radius from four breeding sites of Black-faced Spoonbills (Guji Island,
Suha Islet, Namdong Reservoir and Chilsan Island)

11km radius 20km radius
Freshwater Mudflat Freshwater Mudflat
Guji Island® 0.00 0.00 0.73 51.46
Suha Islet 42.81 89.88 160.78 133.83
Namdong Reservoir 17.31 31.08 98.84 146.69
Chilsan Island 18.66 10.08 106.81 25.96

“Data from Z5(2010)
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V. 97 =4

TAS ==
Zo]7] Slste], ARIZIZ WAA deks #Yste] WA A e wi=
AZEE HAsh sHgith o] & WA eA #HGE Azl A F3

2)
- 1 —
A T ol DUl o] 3e Eld FAR WMAS AEgE Jlow A

-

93} tF (Raemacha and Delgado 2009).

AHE AAElor, FAEE 648 13 RAME

A5 449 7+ 23], 54 13], 6¢€ 7 23], 74

7t 23] F 739 ARE AAESH EErA e Fe 38 13,

44 13, 64 13], 74 13] T 43] A AASEIH FAlEelA
X

=549 13 6€ 13 & 23 FAFE AA &% (Table 2).
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Table 2. Schedule for breeding surveys on four breeding sites of Black-faced Spoonbills (Guji Island, Suha Islet, Namdong Reservoir and Chilsan
Island) from March to July in 2013

Study Area The number of survey(s) Dates

Guji Island 1 June 23-24

Suha [slet 7 April 15, April 29, May 30, June 11, June 27, July 10, and July 26
Namdong Reservoir 4 March 16, April 14, June 26, and July 20

Chilsan Island 2 May 26 and June 22
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2 oAFelAE A7 9 A AoA] {29
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Ao frx7F o] &F ol AZHA WEE uotstr] flste] &
2o AAL/NA 8o EHE(0-0.5cm) ¥ EF-FolA k% e
O F 8cm Holxl F#(8-8.5cm) el 7FE 0.5cm, AlE lem &
S5 72 ZEhdo] 1.5ml Fre| BIASIATE A FFx9
AN F3F 104 Fol k= Zle® defA qlon, 1 9]
T Y AFES obF g A A vt wEkbA ZAFR =

4]:

| A AX (Platalea leucorodia) +722] AR E7/|Al0] sFFo 6.5+
0.4mm# #A&ths= A3 (El-Hacen 2010) S vlg o2 243 Zg
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Table 3. Schedule for sample collections and the number of captured young Black-faced Spoonbills in study areas (Guji Island, Suha Islet, Namdong
Reservoir, Chilsan Island) in June and July 2013

Study Area Capture and sampling dates The number of captured juveniles
Guji Tsland June 23-24 6
Suha Islet June 11 and June.27 8
Namdong Reservoir June 26 and July 20 9
Chilsan Island June 22 13
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3. A" A R P s9LL £

Ao Al e A7) W Ao Holgde] wWstE getstr] 9§
= 367/MAZHEE AR 7270

Bl (61C) W Az g BA9(8 N BHE AN S

Y
i,
=4
(2
1o
o
g
e

AL 7 e YA sodane dFs v
7 Paritte and Jeffrey (2009) ] =+ w2t
AASHAT. ¢4 F = (Fume hood) ©ll
Z+S 1.5ml FH ¥
|43t & 3% Bt F F= (Fume hood) el A4
Z9 29L& Al A A A (Deconex 16 plus) S 3x}9]
Deionized water)® 1/308] 343t SHS o] g3l o|xy} &
WA o7 AAFsta, AlFAE o] oA SE=E 3xfo] &=
2 3H o | 5 3F Bt F FEox dXRAZ T (Paritte
and Jeffrey 2009). AzxH 7Y dH& 719E o]l =2

x7to 7 zhel #2438 skt (Cherel et al. 2000).
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29 Age Aedstn s stes7]71d (NICEM) 9 ¢+
A YA AP M FHYATEA 7] (stable isotope ratio
mass spectrometer system with elemental analyzer: SIRMS,
Micromass Ltd. UK) & AF&3lo] BA& AASR ey, w3 g4 2
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8 X (%)= [(R sample/R standard) —1] x 1000
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o] BlAa rAA HoAA (610 sty oY

N
2
=
Jo
BN
Y
i

=

994 &3 29 (Two—source isotopic mixing mode) 2 A}-&3}
A g g osAd Hold e vlEs AAbsilt). o]

ZH] 27 FE xEe Hold(Hold A B &
o] g-gtth= 7Hdtell, AnlAte] F3kE wolde] HlES AAtsk=)
AHEE = EEolth vk bA woldA @k Hold A, B ¢
Y T g #A= e =4 #32 (mass balance

equations) 2.2 ¥ & ¥t} (Phillips and Gregg 2001).

Sy = faba + f505
1=fs+/fp

9] AolA T AN A olde] FoAn
Jeh Holfle] zulA 2He] FaHL AL B, F50C 9
F7he Aosly) Wi &ulAe §9C 2 mde] Ags) 99
H adte] 7ol desttt(Phillips and Gregg 2001). &3
a2 B, 24, Bo] Fol wel Welr] oo (Minagawa and
Wada 1984, Ben—david and Schell 2001, Vanderklift and Ponsard

o=

2RE AE gol ohd, J1E FHE Fud 49

= Fud A5
o gk Aest=ifol webr SFdEF Ao & JFS
3t (Ben—david and Schell 2001). Caut et al. (2009) = A
7HA ol H I EF R FEATe] @ Ao FAEAS T, A4

F%, F, 29, 2ol 59 o] BHAF WAL JFE et}
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oj3} o), WA T thdt 5°C & o] &3ATH(FH 2008,
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APEIES 4 A3 Aol o axrt FostA vebd 4
2 Bonferroni correction &+ Tukey test = o]&al] A=A S A
AleAh A" x2S weAgo] fFoletA vEhd A, 2 Ao
2 A7 T Lol thake Paired—t test & A AISFA T

=
| .

5 ARRFR Sl FAIE A EA el SPSS 20.0 & ARESRSlew

=
froleES 5% A8kl

28



SEEE

V.

B
C
G

2013 3 EellA 7 E7kA] A4

o7 FAHAY(Table 4).

33l 2% of

T—
T

TAE 149 %%0] BQlEoH, 62 & AR Al

ST
X

4002 49 15 Ao 20 #o]

& Tl Aow Ytk 4 4 30 47HA A7 F3kE SA7F ¢l

berel AR AojA

S

P
T

A]

M

2171 A=Y, 18y 6€

Ptk

)

o 240] B WA AEgo} A5 )

=z <
RS

A

27 A

™, 64
oA 62 780] F3tol F¥

50,

B
file)

o

0

o, 60 o] o]ie]

§E

A AP 1 SA7F Tt &AL 7§

& AN 6 E 22
A7 5 AN, YA $A

hva
-

A=

29



Table 4. The number of observed active nests and the total breeding pair on Guji Island, Suha Islet, Namdong Reservoir, and Chilsan Island in 2013

No. of observed active nests No. of
Study area breeding
Breeding stage Mid Late Late Late Late Mid pairs
Apr. Apr. May Jun. July Aug.
Guji Island 149 149
Suha Island Incubation 20 20 9 2 40
Brooding 21 10
Fledged 14
Namdong Incubation 18 38 34 3 93
Reservoir Brooding 10 36 15 8
Fledged 45 9 8
Chilsan Incubation 2 1 77
Island Brooding 23 7
Fledged 19
Total 309
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A Zolda BA A g4 A H9U4H(61°0) 9 W

= —13.23~-23.84% = YEhsion, A4 bgA Foldan]

(6 °N)©] W9l 10.85~18.42% = debseh A9 gy &
A s ot defaA, i 4
PN OEFE W el dA

o 67C ¢ o PN BT e Aodel njE wA vehd, el A
o YR (Fig. 2).

2d el 6°C & —19~—14% Atol7k 7Hd wo] vebgou A
Aog= g2/ BIxPom, §PN = 14~16% Atolol] HZEH o]
UElsttH(Fig. 3, Fig. 4).

20

®  Guji Island
B Suhalslet A
18 4 < Namdong Reservoir
A Chilsan Island
A a
VNN
16 A LN OAA og
S A a
& N A@A <a °t o5
o A 0006 A Dn
14 1 o ¢ 0
(o
a o <
.o ° &
12 4 [ ) %. °
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10 T T T T T T T T
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Figure 2. Distribution of the 813C and 815N values for the primary feathers of
juveniles Black-faced Spoonbills from four different breeding colonies
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Figure 3. Frequency distribution of the 613C values for the primary feathers of
juvenile Black-faced Spoonbills
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Figure 4. Frequency distribution of the 815N values for the primary feathers of
juvenile Black-faced Spoonbills



AoAl 2 A" ' kg FALA (8 PO & A #
o3t zpo]E  HYPTh(linear mixed model; A9: df=3,64,
F=13.511, p<0.001; Fig. 5). 8 °C & TA=eIA 7k A v
B}t © 1 (bonferroni correction, p<0.001), 3}, HE7-4,

HAALE 7roll= A2 xpo]E Holx] kgt (p>0.05, Fig. 5).

A 6°C M Az, 22 dH §C 7 10 Dl wld) =
A Yebsth(inear mixed model; 94¥: df=1,64 F=5.796,
p=0.022; Fig. 6). 6 °C & S7Fe H+t 0.72%°19, Al u}
g} zpo]E Holx| tth(linear mixed model; 9% x A,

df=1,64, F=0.553, p=0.908; Fig. 7).
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Figure 5. The spatial difference in the 813C values from the primary feather of
juvenile Black-faced spoonbills on Guji Island, Suha Islet, Namdong Reservoir
and Chilsan Island.
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Figure 6. The 813C values (mean + SD) of the primary feather of juvenile
Black-faced Spoonbills grown at 10 days and 22 days old, respectively.

Increase of the 8*°C values
N

Guji Island

Suha Island Namdong Reservoir Chilsan Island

Figure 7. The increase of the 613C values (mean = SD) in the primary feathers
of juvenile Black-faced Spoonbills grown at 10 days and 22days old,
respectively on Guji Island, Suha Islet, Namdong Reservoir and Chilsan Island.
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Table 5. Estimated proportion of freshwater and marine foods in the diet of young Black-faced Spoonbills around 10 days old and 22 days old on
Guji Island, Suha Islet, Namdong Reservoir and Chilsan Island derived from two-source 613C diet mixing model

3*C two-source mixing model

Age Freshwater [%] (SE) Marine [%] (SE) N
10 days old 48.32 (4.88) 51.68 (4.88) 36
Total

22 days old 43.24(4.56) 56.76 (4.56) 36
10 days old 83.78 (5.00) 16.22 (5.00) 6

Guji Island
22 days old 79.93 (5.08) 20.07 (5.08) 6
10 days old 36.04(11.23) 63.96 (11.23) 8

Suha Islet
22 days old 27.11(7.11) 72.89 (7.11) 8
10 days old 42.67 (3.77) 57.33(3.77) 9

Namdong Reservoir
22 days old 35.95(3.12) 64.05 (3.12) 9
10 days old 42.67 (5.68) 57.33(5.68) 13
Chilsan Island

22 days old 37.59 (5.84) 62.41 (5.84) 13
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23 AL AFZAN F

do

449 AlF3HE ws

Ao f2 2" Ah G FALRS PN E A9t #9
3 xolE  YEFt(linear mixed model; A9, df=3,64,
F=31.142, p<0.001; Fig. 8). A § PN = Hatmelx] 713
=7 eyt o ] (tukey test, p<0.05), TAEE T2 A A9
Hlal sk ks WERATH(p<0.001, Fig. 8)

Qg 5 UNE FF Aol wol4] wgkort AP Az
s 2ol FosA yERY Y (linear mixed model; AH,
df=1,64, F=0.677, p=0.417; 9% x A9 df=1,64, F=3.107,

p=0.041; Fig. 9—-10).

AHFE SN W3t Hatmoawt 2248 §PN7F10Y
Holl vlall =A UEFE O T (paired—t test; t=2.298, p=0.047),
TALE, Fotek, dErrAdds & ApolE HolA dtt
(A %:t=-0.438, p=0.680; 3} t=-0.055, p=0.958; &
4] t=-1.233, p=0.253; Fig. 10)
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Figure 8. The spatial difference in the 815N values from the primary
feathers of juvenile Black-faced Spoonbills on Guiji Island, Suha Islet,
Namdong Reservoir and Chilsan Island
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Figure 9. The 615N values (mean + SD) of the primary feather of juvenile
Black-faced Spoonbills grown at 10 days and 22 days old, respectively.
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Differences of the 8"°N values

-3 T

Guji Island

Suha Island Namdong Reservoir Chilsan Island

Figure 10. The temporal changes in the 815N values (mean + SD) between
the primary feathers of juvenile Black-faced Spoonbills grown at 10 days

and 22 days old, respectively.
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Ellison 1979, Anderson and Keith 1980). A oA} 9JA] 3}A H2]
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Abstract

Temporal and Spatial Changes in the Diets of
Young Black-faced Spoonbills (Platalea minor)

revealed by Stable Isotope Analysis

Jeong, Min-su
Major in Forest Environmental Sciences
The Graduate School

Seoul National University

The endangered Black-faced Spoonbill (Platalea minor) mainly breeds in
the Korean Peninsula; in spite of its importance as key breeding areas, little
information on its breeding status and feeding habit during the breeding season
is available. This study was conducted to investigate the breeding status, the
temporal and spatial change in the diets during brood-rearing season and to
propose implications for the conservation of habitats of Black-faced Spoonbills.
From May to July 2013, the number of breeding pairs was counted, and the tip
(grown at the age of 10 days) and middle (grown at the age of 22 days) portions
of a primary feather of each juvenile spoonbill were collected in Guji Island,

Suha Islet, Namdong Reservoir and Chilsan Island. Carbon (6 **C) and
Nitrogen stable isotopes (6 °N) of the collected feathers were analyzed to

examine the temporal and spatial variation in the diets of juvenile Black-faced
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Spoonbills and two-source isotopic mixing model for &*C was used to
estimate the proportion of marine and freshwater prey by age and breeding sites.
As aresult, a total of 309 breeding pairs were observed: 149 pairs on Guiji Island,
40 pairs on Suha Islet, 93 pairs on Namdong Reservoir, and 27 pairs on Chilsan
Island. Analysis of 3*3C indicated that the juveniles were fed by prey from both
freshwater wetlands and mudflats in all study areas; although Guiji Island is the
farthest breeding site away from available freshwater wetlands, the estimated
contribution of freshwater prey was higher than the other breeding sites. Also
the 8*°C value of feather grown at the age of 22 days was significantly higher
than that of 10 days regardless of breeding sites, suggesting that the ratio of
freshwater foods decreases over the nestling growth. This result supports the
hypothesis that the salt glands of new hatchlings of Black-faced Spoonbills may
not be fully functioning, and indicates that the reliance on freshwater prey may
be higher during the early chick growth period. The 5'°N value was the highest
in Chilsan Island, followed by Suha Islet and Namdong Reservoir, and the
lowest at Guji Island. This was probably caused by the consumption of prey in
higher trophic level or of nitrogen contamination in Chilsan Island, whereas the
juveniles were fed by prey in lower trophic level or exposed to lower level of
nitrogen contamination in Guji Island. Furthermore, the value of § **N was not
different between two age groups in Guji Island, Suha Islet and Namdong
Reservoir while it significantly decreased on Chilsan Island by growth.
Temporary influx of contaminants such fertilizers or the increased availability
of prey in high trophic level in the early chick growth period probably caused
this change on Chilsan Island. Therefore, further analysis on nitrogen
contamination as well as stable isotope analysis from dietary sources are
required to tell the effect of nitrogen contamination from that of prey selection
on the temporal and spatial variation in the value of 5 *®N. The number of
breeding pairs in Guji Island, Suha Islet, Namdong Reservoir and Chilsan
Island accounted for 22.67% of the world population of spoonbills, suggesting
that the study areas are important breeding sites for the conservation of

threatened Black-faced Spoonbills. Therefore, the protection of the breeding
67



sites and the adaptive management of its adjacent feeding areas both in
freshwater wetlands and mudflats are recommended through designation of
new protected areas, cooperation among diverse stakeholders, contamination

control, and public awareness programs.

Keywords: Black-faced Spoonbill, breeding ecology, dietary variation,
feeding habit, stable isotope

Student number: 2012-21115

68



e 2

K

b
ay

Hjo
op

AL, S

=
T

3

Gk 2et 95 wekg 49

oo}

Har

K|z
N

K

o

o%
+

B

102 ThAF EYth HESE npmAl 9fFof

14

A, ZEtA, Victor A = AR =R

(o))
=

ool 4R o, ofele
WA Bt FF L A3 F

Kol
=

a8l g EA A4

JJ
%

w

ot A wf

e Z5
Y, A7 F712M g 1

N

el
ojp

oK

oA Ay, Ak elA

FXS

bl

3t

)
%

69



N

omp, oA

ERE!

AT
3

3

T o
==

¢

&

/E]_

3
-

Ft o,

= ==
= i

po- el

ol
L=<}

149 =

9]

2 AR o ofel APl o

22!

s
ol
<
B

—_
fite)

JK
s

il

ol
Y
Nd

ol
\l—l-

o

Bk
N

Hjp
ml

W

N

"o

AlolE, o] BE 8 AP =YL

of thdd ol f

Thy

)AO

601—

J

XV

2 Al

6_}
v, 23 A ARE AF A

I e B

gAs

wE A el A

o
=

o], AeA AL ks A 3 o3

=
=

b A

S

o1x &
HAHE =YY

22
=

Aol

= |y
.

F ARG E9FA R

=35k
o =

A7} 7}

g,

H

3)

!

R
o

o

70



	Ⅰ. 서  론
	Ⅱ. 연구사
	1. 저어새에 대한 연구
	2. 고염분의 먹이가 번식에 미치는 영향에 대한 연구
	3. 안정성 동위원소 분석을 이용한 먹이원 연구

	Ⅲ. 연구 대상 지역
	1. 구지도
	2. 수하암
	3. 남동유수지
	4. 칠산도

	Ⅳ. 연구 방법
	1. 번식 현황
	2. 저어새 유조 깃털 채집
	3. 깃털 전처리 및 안정성 동위원소 분석
	4. 혼합 모형을 이용한 먹이원 비율 추정
	5. 통계분석

	Ⅴ. 연구 결과
	1. 번식 현황
	2. 안정성 동위원소 분석
	2.1 탄소 안정성 동위원소의 시공간적 변화
	2.2 혼합 모델을 이용한 먹이원 비율 추정
	2.3 질소 안정성 동위원소의 시공간적 변화


	Ⅵ. 고  찰
	1. 번식 현황
	2. 저어새 유조의 담수 및 해수성 먹이원 비율
	3. 질소 안정성 동위원소비의 시공간적 변화

	Ⅶ. 종합 고찰 및 관리 방안
	Ⅷ. 결  론
	Ⅸ. 인용문헌


