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Abstract

BACKGROUND: As natural wetlands are decreased by
increment of human demand, the importance of rice fields
as an alternative habitat for waterbirds is well documented.
However, the relationship between waterbirds use and
management practice of rice fields has not been fully
understood. The present study attempted to understand the
changes in temporal abundance of waterbirds and their
preference for habitat types in rice fields all year round.

METHODS AND RESULTS: Waterbirds census were
conducted in rice fields around Asan bay in Korea during
April 2009-March 2010 and April 2011-March 2012. In the
bird counts, the locations of the observed birds on a 1/2,500
map were recorded along with the local habitat type (paddy,
ditch, levee, road). Thirty five species of waterbirds
recorded in the rice fields during the survey period and three
major groups (shorebirds, herons, and waterfowls) were
characterized according to season and micro-habitat use.
Shorebirds visited a flooded paddy for feeding during their
spring migration season (April-May), and herons used the
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rice field as feeding sites during their breeding periods
(April-October). Most waterfowls were observed in a dry
paddy to feed a fallen rice seed and stubs during the winter
season (September-March). Waterbird groups selectively
used micro-habitats in rice field. Shorebirds and waterfowls
mainly preferred at rice paddies, while herons were
attracted to most habitat types.

CONCLUSION(S): Rice fields supported wvarious
waterbirds all year round and waterbird communities using
the rice fields were dramatically changed according to
seasonal change of rice field condition.

Key Words: Habitat preference, Micro-habitat, Rice field,
Waterbirds
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o] F-Z}%1l §low(Benton et al, 2003; Bengtsson et al,
2005; Butler ef al, 2009; Gabriel ef al, 2010; Winqvist et
al, 2011), 71 5 AAEA Y] AR R =554 (rice fields)
of tiet #do] X1 QItKElphick and Oring, 1998;
Elphick, 2000; Tourenq et al, 2001; Ma et al, 2004).

wuAlE A wet A S A7 REEA
Ueh}7] wli-oll(Fasola and Ruiz, 1996), Fx55 Z3kst
thekst oRFTEOA AAAE AT Ma et al, 2004;
Gregorio et al, 2011). TAEHAE FAsh= v 5711
wEAE ekt F54 Holrt F9ste] M E R (herons) B
5 2 EWAFHshorebirds) 7l HolE A58l (Fasola, 1986;
Richardson et al, 2001), SAHENAIZ} 2 == v]AS7]
o= FFu|iH(cranes) 2} 27|27 H(waterfowls) 7} 7=
Sh WM IR 52 wolAeloR o] & Bri(Elphick
and Oring, 2002). ©] 9]ol|% =FA|= theFst o] Hol
ADE FxFoA AlstKStafford et al, 2010). wehA
A% Zolmi AAEAY Al 752 e wEAE £
T MAAEA 7FA7F B EtHFasola and Ruiz, 1996;
Elphick, 2000; Maeda, 2001; Czech and Parsons, 2002;
Sénchez-Guzman et al, 2007; Toral and Figuerola,
2010).

=EA I AGEHRE W(Oryza sativa)e= =l 713
ol Auies sAERA, s A SEHAY of
9.8%% AAISTHEJAAZINE AGuA] AR, 2011).
B Al o] Fix(flooded field)2] FEjolA o] o]
AW, AR A9 A= FEFOA AAGA G vlet
S Agstr] wize] Bl Fost aQlow 285t
ok A e =EAE SRR B glo] JAF s
& 7HE A vk 22 S =54 19709 F
ANFA O 2 Ql3te] 221 W} dojykon, et
I8} AAE TR} =5, FEE Glshs 7R R
=] YA W7t dojwty 2e =54 A7)= g9Y
3} Ha FEE ZAYE FREE FEHo B9 49
HjEo] 2143 doju, w2 A F7]A19 A9 olF
e Fol7] gkl AR ER EAEJAH I Y =
100, 2003). o] = late], Bekat FRolA =] 993} vl
Zo] A&l dolut di -] B Al Hgsi(dry
field)¥|2laL, 25 FHE] FRU $20] AN P2 URE
HAAY FE7} AgtE] = EAo] YRt =529 729
Hsh= 2T 9} FHAEol Y3kE vt Narusue
and Uchida, 1993; Sato and Maruyama, 1996, Lane
and Fujioka, 1998). o]i= 37<] Holg o= o] g 7}sst
AR s 2 Sl A wskE Qlsto
YERdTKSato and Maruyama, 1996; Lane and Fujioka,
1998). wehA] =FA ol A deh= opsEe] HAS fldl =
w49 =84 72 HEPt FERFlA vAe TS vtot
Sk Zlo] FQsi.

2008 gH=ollA Gl FAREs]oll A AErierdel thet =
w419 2433 nAo] AxHAR, AF7HA] F=olA =

HFAE olgshe 2R A7 54 wRT9 e A
T FAE T FYHA%E ¥(Cho and Kim, 2001;
Choi et al, 2007; Yoo et al, 2007, 2008). =545 o83}
© FEFel gk AntAel Frhs vl Esith webA 2 A
ME =HAE olgshs TR A% TReteta, w|AA

21Z](micro-habitat) Bl ke A4S dolr iz} st}
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A8l 1 om(Kwon and Yoo, 2005; Park ef al, 2007), i
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Fig. 1. Location of the study area (grey)
around Asan bay in Korea.
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Fig. 2. Schematic diagram of a typical
land use for rice field in the study area.
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TF ML MAIR] 0|8 Z=AL

Z5 ZARE 20099 42978 20109 3¢, 2011 4295
B 2012 3974 F3sIGith 2AF Sl Wi 23] 8
siglom, AR U9 w2E upe} o]satuA AR U]
of #EYE BE 27 9 MATE 7SItk e
e AAA Bl wek 1/2,500 A% 2718H oM,
AAA B EH(rice paddy), §E(road), TE(ditch),
=(levee) O %2 WF 3631 thFig. 2). W0k HZlE}
S AFTEEAA FRlE 2R/ wAA ALEtsion, =
FA oA oy 2FHTHE 4ol o] g3ISith

IN=R

A A9 F2FY] R HES vid fARsGle R,
7 iz 2AF A7 AAFE Blaste] AdiATE s
o8 A% AR W It FEREF ERr(EeE
AT, M2, 271871 vaxf2A] dsidel] st
WAS Bt WIS olgste] At tisE 2R
T vAaAAA] o] gAtol= AT EE WIE(EA + BF
2ZPE arcsin® Z W3] ANOVAE o831 75319
a1, frolgt zlo]7h ViRt 4-9- Tukey’s Honestly Significant
Difference (HSD) test® Iy 1} AM-A5S AASISIT
FARAS SPSS 17.02 AHE8llth

=

2y ¢

]
n

5 2o AEN =2 54

ZAPIZE &3 HAAG 7Eo R F 35% 25547704
o] 27 BEEgon, o] F Lo RuFI} 155, Wz
F7F 9%, 227197157 9% ol #EEATHAppendix
1). =% o]&stes FIFE BH@Y-59) 7H kst &
b BEE o, o]F Hat FhAash AE&H(129-39)°
= YN FHo] =& o] &3k3lthFig. 3). 18y =5 o]&st
v FEF MATE A 7P wgkorn, 58x= U
Aow FrRIod 11 9] Al7lel =5 o]k &R
A= A Ack(Fig. 3).
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Fig. 3. Seasonal changes of number of species (solid line)
and abundance (white bars) of waterbirds using rice fields
around Asan bay in Korea.
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Fig. 4. Seasonal change of abundance for three
waterbird groups using rice fields around Asan bay in
Korea.

=5AE AlZ]el Wt 9(flooded fields)?t A+
(dry fields)o] F714 0% FdHh o|Hst Wgh= Fx7
Hixo] J8S F(Maeda, 2001), %57 ol wet
= o] &A7] 9} A Tsh= v]aA 2K o= 2Fo)7} T Loureng
o and Piersma, 2008; Toral et al, 2011). & 743} =
£ o83t FFe wRTel wek e Al T
HE HSItHFig. 4). 5 ¥ AF7IE] =54 2o EuA)
Fof MER7E T2 o]8383lal, FA71R Aol 28719
7157F AAAR o) geisith 53]t Eio] s
a1, =8] G Bl g o] 2E= 48 Tk Aelle
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AT Asshe FoR wE Bdtd =2 AR A
T o]&gtiWlodarczyk et al, 2007; Lourengo et al,
2010; Newman and Lindsey, 2011). 2184} 783 o]
A171(8€-109) = w7k WAk 4-3ks S8l A=S RIS
of u} QEwAlFe] MAXR AeelA] e 0% *
AREIQIEE shA TR Q(Actitis hypo]eucos)gr ZFEQ
(Gallinago gallinago) 5 47 & 8¥-10€% & i
AF7F B2 A KFig. 5). o] AF ZAEQE 1 Huhe &
o) 2 Bl s 490 slglon), e S
o] 43l= BTy} lj‘}}E](Table 1). A EQ B F}
= o8] Sleide =) Esit Al 7403 s
etk T EuAEt »‘Eiﬂe MAA| R o] k= 71Xk
< el vlel @ARE, iR R ek 5E ol s
o] B4= %3 olEo] TAd oA S AL 5 9= F7)F
A9 715& Ad T2 MAAE AFsta S
and Piersma, 2008).

TR} =g F7 olgahs A7l 497 1027143
o, ol B2 th= 42 AT 2 F7hke] 69
of Ho7iAlF7E B o] F A 07 IFASISItHFig. 4).
W2 7= o35 A (summer visitors)ZE 3k ZoJof|A W2
ab Foll wel sk, AA, A, = 5 ks dE9
SAE FHAA R o] &3 THChoi et al, 2007; Park et al,

2 THLourengo

2009). 53] MEFE WA 488AE wo] 270l
Zrjel v, o] A7) o] Wrsie MEFe volel vip

g FAEY AAAE Algdel wet MEFe o8] =

TKSato and Maruyama, 1996; Lane and Fujioka, 1998;
Richardson et al, 2001; Pierluissi, 2010). w2h* 4 €A

1097H] =54 F37] 59 A71elA 2ol 5019 ga
7 o] g¥a A3t 0131711%1]01]74]“ LEARY o] Io
@ oiAZ 95T 4 ot AN GRe dk e
sl slo] ol Fo AUAT AT, 53 2
(Egretta intermedia)S} = (Bubulcus ibis)v TH:
Z50] 1]8) 14AE o) 8ok AT WA BoltiFig,
). ol F3 AAR MBI Holgh iAol o8 +
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Fig. 5. Seasonal abundance change of major waterbird
species in the rice field around Asan bay in Korea.

Table 1. The frequency (%, mean + SE) of species using four micro-habitat types in the rice field around Asan bay in
Korea. For each species, habitat types with the same letters are not significantly different based on Tukey HSD tests
(P>0.05). Mean values for each habitat were calculated based on 48 surveys during 2009-2012

Group Species Paddy Ditch Levee Road
Black-tailed Godwit 99.7 + 0.3° 00 + 0° 03 + 0.3 0.0+ 0°
Greenshank 93.8 + 2.5° 00+ 0° 42 + 25° 0.0+ 0°
Wood Sandpiper 96.3 + 1.1° 07 + 05° 30 + 1.0° 0.0 + 0°

Shorebirds b b "

Common Sandpiper 13.6 + 7.5 545 + 10.9° 9.1 +63 227 £ 9.1°
Common Snipe 100.0 = 0.0° 0.0 + 0° 00 + 0 0.0 + 0°
Sharp-tailed Sandpiper 87.1 + 6.1° 0.0 + 0° 129 + 6.1° 0.0 + 0°

Grey Heron 496 + 44° 188 + 35° 30.1 + 4.1° 1.6 + 1.1°

Great Egret 723 + 2.3° 172 + 1.9° 9.0 + 1.4° 15 = 0.6°

H Intermediate Egret 638 + 1.3° 8.0 + 0.8° 215 + 1.1° 6.6 £ 0.7

erons

Little Egret 458 + 2.2° 250 + 1.9° 214 + 1.8° 78 + 1.2°

Cattle Egret 487 + 1.6° 93 + 0.9° 239 + 1.3° 182 + 1.2°
Black-crowned Night Heron 415 + 7.0° 17.0 £ 55 415 + 7.2° 0.0 £ 0°

Bean Goose 96.3 + 3.7° 00 =0 00 =0 37 + 37
White-fronted Goose 985 + 1.5° 00+ 0° 0.0 = 0° 15 + 15
Waterfowls b b b
Mallard 933 + 6.7° 6.7 + 6.7 00+ 0 0.0 + 0

Spot-billed Duck 63.0 + 3.2° 31+ 12° 320 + 3.1° 1.8 + 0.9°
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e Holde] A3t Apolof wE AR A HTHChoi et
al, 2007). sHA FW =, N2 (Foretta garzetta), =, 3
L8P |(Nycticorax nycticorax)= 102 ©]% =& ©]&3H4]
Aok, ol EFAE olsdly] wielw, FriUlE
(Ardea alba)®} 97V2)(Ardea cinerea)= 4 LF/WA7}
AEAe] dEsh =5 FAARZ o] g3IGith

e le & e Aol 1195 H 3837 ==
A7 o] g3l tKFig. 4). L&7|e7FE thEHQd Ad
HAr(winter visitors)Z H2& vzl 7AE0] 108 =2
ab7] AlAste] theall 397HA] sk A e] FA A LEst
WPark et al, 2007). ©l < 7217159 a4
(dabbling ducks)i= 2E713Feet 4 § = FEdh=
HaE FHOIR o]fshs TEE TR UhE w4A &
e 2o ZEdtiKwon and Yoo, 2005; Yoo et al,
2008). &71217|(Anser fabalis)®} 41712171(Anser albifrons)
T 2AYY =S 9E7IRbE’E ASKHOR o]gshs
o] fFE| o, e 2)(Tadorna ferruginea), %522
(Anas platyrhynchos), %35 22(Anas poecilorhyncha)
= 957 11sst EarE A o2 BEE S tHFig. 5). o= 719
7158k e2le] HoldsAltke] atolef| gt Aow, 7]e)7]
b9 Bt sAA NN HADEE o W, 2 Re
B o4 oA FAE FHska okt SAAR 0]FS
o] A= 54 wlEo]ti(Baldassarre and Bolen, 1994).
upeba] ofzke] wo|gdES aEshd 28777t €57
et =& HAAAR o] gsh= vlEE v Erka & 5 Q)
CKStafford et al, 2010).

T& 2&Q MAIX| 0|18 §Y

WZFE 499 697 FE 2ol FANE5S
oo, 74 ool £E, =5, $EE o]&sh= vlEo]
o5 tHFig. 6 and Table 1). o= W2 Ao <lf &
Tol Aol WojA) 7] wiiel, Hot f7) Holg AR 5
I & o]83al7] wito|th(Fujioka ef al, 2001). ™]4A]
A F Bt ggow o)g Nyl w2 e gl S
, 32, sl Ae =50la, TR} HuEe
FZ9tTable 1). W< Aoz Qg WEr} Zrlsl= A
7% SmEe}l g2 e WR R njg =5 gt
Mg/do] v ok Aol ERIEgIoH, =Y =58 F
2 o] 43} tiFig. 6 and Table 1). FrMz e} Wz
TE YoM F2 2 g o, FumEe] Ay F
2 o] Y FroA HFEHGIh s} FrjwEst o
& FEE Y] For 55 4L FRoIAY A5
o] aHio] Al ZAYE FRIYI FHL ES AHE FH
AT =5, 2, T2 WHo] Etef nlg] F3o]
1S Aetebd 795 997H] VI3t B9k =5, &
2= Maeda(2001)7F A4 8kl50] Mz fel 7] 4as]
t A AAE AlSEeit

Rl 1> %O

¥

o &

Y

o H By o
off

ko
ot

ToEwAFe 2877 HE AL diFE ERukS o
481 tH(Fig. 6 and Table 1). 2271871 F= Sgo] &t

T Sysh] AlRstal el dEshs Wl IR H Y E
Holzlgd 0 2 o]gsh= Z1 0% HQltiShimada, 2003). ¥
A IWETeel Af =58 AR o]gshs WTTt
o 7]l Bok A YERsEt(Table 1), o= Bl
AAREe] WA AS717) 3 =5 A 0]43I87]
oty T EHAFE BEgo] 52 9 Ty A&
sh=dl, ole Bol QYR =2 Ay v FeE Ho
Eo =7 Eshs AARAE 2457] wizo]™(Toral
et al, 2011), T2 B =9 vfg3y} FFol A28k A
MFAFEES Ho| Ao o] gstt(Taft and Haig, 2005).
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Fig. 6. Monthly change in micro-habitat selection of

three waterbird groups in rice fields around Asan bay
in Korea (a: shorebirds, b: herons; c: waterfowls).
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Appendix 1. List of waterbird species observed in the rice fields around Asan bay in Korea during 2009-2012.
L Habitat type Activity
No. Korean name Scientific name -
Paddy Ditch Levee Road Feed  Rest  Breed
1 7127 Anser fabalis O O O O
2 717 Anser albifrons O O O O
3 ey Tadorna ferruginea O O
4 ot Aix galericulata @) O O O
5 HFed Anas platyrhynchos O O O
6 HEery Anas poecilorhyncha O O O O O O O
7 ey Anas acuta O O
8 7F3ed Anas formosa O O O
9 ez Anas crecca O O
10 Sd=siezp] Ixobrychus eurhythmus O O
11 seep] Nycticorax nycticorax O O O O O O
12 A28 et Butorides striata O O O O O
13 Al e Ardeola bacchus O O O
14 3= Bubulcus ibis O O O O O O O
15 71 Ardea cinerea O O O O O O O
16 Sd9= Ardea alba modesta O O O O O O O
17 U2 Egretta intermedia @) O O O O O O
18 w2 Egretta garzetta @) O O O O O O
19 47 Gallicrex cinerea O O O O O
20 HEW Gallinula chloropus O O O
21 Ao EuA Himantopus himantopus O O
22 Pr1EYA] Vanellus vanellus O O
23 A27kEEuA Pluvialis fulva O O
24 AnlEu|Af Charadrius dubius O O O
25 ZFEQ Gallinago gallinago O O O
26 SHHEQ Limosa limosa O O O O
27 HFEEQ Numenius minutus O O
28 SHEEQ Numenius phaeopus O O O O
29 AHAYEQ Tringa nebularia @) O O
30 WwWTQo Tringa ochropus O O O O
31 g=EQ Tringa glareola O O O O O
32 AL Actitis hypoleucos O O O O O O
33 FEQ Calidris ruficollis O O
34 FTEEQ Chlidris subminuta O O
35 HFEP|EQ Calidris acuminata O O O O




