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Abstract

BACKGROUND: Shorebirds use a variety of wetlands as
their stopover sites to replenish energy and nutrient reserves
along the migration route. It is increasingly important to
understand how birds use the remaining available habitats
during migration period, because shorebird stopover sites
are often altered and destroyed. Rice fields serve as a major
inland stopover site for migrating shorebirds. However, the
information on habitat use patterns of shorebirds in rice
fields is very limited in Korea. Therefore, we studied the
patterns of shorebird abundance and their habitat use in rice
fields during spring migration period in western-central
Korea.

METHODS AND RESULTS: Surveys were conducted at
interval of 2-3 days during the spring migration period of
2014 at rice fields of mid-western Korea. We recorded the
location of the observed birds on the rice field map
according to the local habitat type. The habitat types were
divided by physical structure and cultivation methods.
Fifteen shorebird species and 7,852 individuals were
recorded during the survey period. The number of shorebird
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species and their abundance began to increase from the
beginning of flooding in late-April, and reached a
maximum in early-May. After rice transplantation, the
number of shorebird species and their abundance
dramatically declined. Shorebirds selectively used paddy
and levee rather than road and ditch and most species used
shallow depth field type. Plowed field types were less
attractive to most species.

CONCLUSION: Flooding rice fields were functioned as
stopover sites for a variety of shorebird species during
spring migration period. Furthermore, these results provide
that the appropriate agricultural practices can be improving
the habitat quality for shorebirds.

Key words: Flood fields, Microhabitat, Rice field, Shorebirds,
Stopover site
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A=, AA o]F H F it AR FERA 0l
A1 Zon]EltiAlerstam and Hedenstrém, 1998; Lourengo
and Piersma, 2008). WekA F117]242 2] 4213842 A
Z o]z dh= AL ADAbel g F238hH(Newton,
2006), o]3elM 2] Ftek AT FA w01 7 HAA] o
A9 WA EE Y3l BFAo|tiRicklefs, 1974; Davidson
and Evans, 1988).

EQ - EuAFE ARl ES she tEAd AR &
NN AlS stal WNRER o]Fste] €57]E Huy
TheFsh sEle] o] FHRlS Meste] o]Fgit). o]F A o]F
720 AR T} F7|AA 2 Y JAEe] A&l A5
oz HMEHo7 =it Hedenstrom and Alerstam,
1997; Colwell, 2010). &= FAFALE Bzl =8 -
EUATE] ol FAEESRl FoprloltdT ol s Z(EAAF;
The East-Asian Australasian Flyway)ell $]%13F =442l
ToFEAE vkt AMNES AAA 9 SP|EAEA
=00 ZAxE 1 JQtHKim et al, 1994; Mackinnon et
al, 2012).

AAAAE ZAYIUCN) Sl w2 EAAF Z3H2] A
=R AA7E 4] vEhal AR R AL A E L Q)
ov, EAAF ¥ 53] a7t 7H s He A9 oR A
AtHMacKinnon et al, 2012). §43] X1 Q)= <ot
Yo ® 7] AR 7} Alebo] A4 9Rlo® AlRY
3, SdlellAE A 500 FeF AFAE XS AGA7E
60%7} A2} tHHilton and Manning, 1995; Yee et al,
2010). ZHAA] A19e] 44, FA9] ved kol dest
ZHElo] ZFNATE AAAe] we dEFE FoH
(Barter et al, 2002), 53] EAkE2 wid 5~9%4 vl i

£ 2 JAGTE FasH 1 e Aot MacKinnon et
al, 2012). EAAFE ©]g3sh= =2 - BualFel7] ofrjofe]
Foff A (35474 9)S o] Fol B4R Fag
o1 0 Z(Barter ef al, 2002; Cha, 2007) ¥ #]&l°] A3}
9 27 A3 AMNFEEAE el el
g} B35t F Qs
EAAF b opel, dAlAIA oz J4% A543
2 z7he] WiHe R Q% T o - BulAlFe] g At
AAEA w4, F2A, G S0l tAMAAEA 71|
7} FoFtHColwell, 2010). & =54t AET] B
o & 7HE A AEFAE, AAFAY 54T el
wet 1 FeAL FUketa tKSmith et al, 1989;
Remsen et al, 1991; Fasola et al, 1996; Fasola and
Ruiz, 1996, 1997; Elphick and Oring, 1998; Elphick,
2010). 53], =FAU F+=(flooding fields) /3> T35+
(waterbirds) & X3Hst thekst ops oAl T3 AAA
£ Al ¥8tHTréca, 1994; Fasola and Ruiz, 1996; Elphick
and Oring, 1998; Elphick, 2000; Maeda, 2001; Elphick
and Oring, 2003). =] ¥(Oryza sativa)c= T8 E&4=%
W WAS AP, FU1A 0w g 87 Wstel Al
of wheh theket FE7] MAA 7sE sk AoE dEA
UTHNam et al, 2012). 53], w&dl= =2 FHZ A&
FAE Gsto] o - EuAlEE vt FERFAl A4
g Awshs Zox 48A S, S SAFAYS
EAAF?] ARIEHAZA Lo - BuilFolAl 77124
ofgte] wr} ek vjeto] Jasirt
1990 dti7} HojAof EQ - BualiFel AErieide] &
Q3 A9ol(1671e] A F 6717} Ealfell 21X]) =A%

S

S

D

s A R

CHINA
NORTH
£ _KOREA {
Bohai c® gy { Svongrenty
Sea g
B gSeou
e i »’I”.‘b{)\ﬂn
. ‘, KOREA
Yellow { “*»
Sea

Asan Bay

[ Jwaterarea

: i Rice fields
e [ Studly area

Fig. 1. Map of the study areas, located around the Asan bay in Korea. The monitored rice field areas are

presented in black.
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The five habitat types defined to (1) Plowed field: a form of postharvest dry field condition, (2) Moist field: after
plowing a field, water supply remaining moist, (3) Shallow depth field: after harrowing a field, remaining low
water of field by water supply, (4) Deep depth field: after harrowing a field, remaining flooded field by water
supply, and (5) Grass field: transplant rice(Oryza sativa), remaining water field condition.

Fig. 2. Seasonal variation of the habitat types in study area during the northward migration period of 2014. See

text for the definition of the categories.
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Table 1. Species preferences for different physical structure in rice field during the northward migration period of 2014

Physical structure

Scientific Name Levee Ditch Road Paddy Kruskal-Wallis test (%)
Pluvialis fulva 0.954 + 0.3212 0.000 + 0P 0.000 + 0O 0.553 + 0.21320 18.354™
Limosa limosa 0.617 + 0.425P 0.000 + QP 0.000 + 0OP 290.014 + 89.3192 58.471"
Numenius phaeopus 1.684 + 0.408* 0.000 + 0P 0.000 + 0O 0.024 + 0.014° 34.680™
Tringa nebularia 1.066 + 0.2772 0.000 + QO 0.000 + 0O 2.205 + 0.4062 43.413"

Tringa glareola 0.617 + 0.218° 0.056 + 0.056P 0.000 + 0O 10.624 + 2.4372 39.751"
Actitis hypoleucos 0.393 + 0.2022 0.000 + QP 0.000 + 0P 0.015 + 0.011%° 8.206"
Calidris ruficollis 0.168 + 0.122b 0.000 + QP 0.000 + (O 0.829 + 0.3737 16.308™
Chlidris subminuta 0.000 + 0.000b 0.000 + QP 0.000 + 0O 0.081 + 0.0367 15.869"
Calidris acuminata 0.224 + 0.174° 0.000 + OP 0.000 + 0Ob 5.147 + 1.3032 47.567"

All densities are in birds/10 ha * se. In each line of the Table, different letters indicate significant differences among
paddy types based on Kruskal-Wallis test with post hoc Mann-Whitney U test with the Bonferroni correction. Statistical
significance was evaluated at a = 0.05, * indicates p < 0.05, and ™ indicates p < 0.01
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W EQ(Limosa limosa)”} 93.67%= 7} Bekon, <=t
= Q(Tringa glareola) 2.45%, W Fet7]% . (Calidris
acuminata) 1.62%, 3= Q(Tringa nebularia) 0.90%

TOZ UEhdth Ao a0 Ae 4090l AH =E5AE
?7]'7]XLZ]E o|gsh= A& 4?%@ T A, SaEEe

7%, WFePEQ 34, Y0 33U O % AR 7Rk
‘/}E]r‘ﬁi‘ik

+H Y gEs AvEd, SngEe, YRR
(Numenius phaeopus), ZTHIER, deg, vFepP|e
Sl Ty Aldtstol WA AT STk
545 Hebdth ol $2 27 54 59, 54 16%, 58 16
o, 59 29, 59 14 FHuj A7E BEF o, o] Fof
ashe A4S JERYh A27EEWAN(Pluvialis fulva)
= 49 2495 H 5€ 149714 HA 015704/ 10ha7} B2
o L% Q(Calidris subminuta)= 59 945FE 549 23
A7HA] 3t 0417071/ 10ha, A2EQ(Actitis hypoleucos)
=59 16U5E 59 264714 B 0.04704]/ 10ha7} H-53)
2EE EAS Jepity aelEWAN( Charadrius dubius),
8% Q(Tringa FU % Q(Chlidris

Ol—;4

erythropus),

subminuta)v 49 SHHE 549 SRR E9f34og 7
ZE|glom, o] vt ]‘: 7} Q(Gallinago gallinago), 3\

S Q(Xenus cinereus), 1Y Q(Arenaria interpres), W&
SQ(Calidris alpina)= A ZAPIRE 5 13] 2}
(Fig. 4).

£ - SMM 2Ee| MAIX| OIR E4
A Ee) Fzof upet =Q - BuAFe T o]
4 o= o274 Yt Table 1) EnEre, o

Fro, Foue, WFeEe: BaY olge] 27 v
sov], derke R, rkelrs, HERE B
5 BT Ashs 22 B3 & 5 gt FrYrer =
59 b HEshe 20% vedh oY el S

g ol et s vehA ekokth

2] AR el et 22 - BuAlE FE A
A A g2 et Table 2). thi-ie] Fo] Rt
% EHXI 2 =2 Jeel 428 A% = N5t

=] @ dee) =

n #

- 2 WS SAR] s SRR

ol-g-sh= 7;1—% gl & & 9%t Appendix I). -2yt &

WA T2 A e ZARl wEWE(NIBR Report,
2011), AA F& ZeAdA #EE T2 - BualE FO
oF 44%, ZAL Ao A FQ A ol Ao
HEE 0 - SuAF F2 o 75%E e e A%
T =a SAVNIRAR o] &k Ea - muAlR Fo] vpekst
Aoz Yty FIRAE Ra - suARelA g
wlage] ola) 2R oS P R 5 JES o
i 7I%5& dHColwell, 2010). URHA o= we Q- &
WAL 5] SIS wet o] Fele, 23elE A
FNAAE o]gshz Aow U#A SltHRecher, 1966;
Bengtson and Svensson, 1968). “12it} o]&{gh k)] A
AAE xR QJsle] =8 - BuAFEe] TSR o §
o] E7FsetEE o]of Agsto] vkt UigHAE FAAAE
©]-8-$HLong and Ralph, 2001). 181 &% 7|7t &
b =5 FAAE olgFoEM oUAE IEs|w gt
(GossCustard, 1969; Townshend, 1981). ¥ 17d¥=
FHHAQL =0] teFst B2 - BualFolAl Fast S
HAEA 7es 7HlE HolErh
 AgolMeE w24 A7l B8 - BuAlRTE =
sAe 2es] Aldehs s 21 & M?J\-]D}(Flg 2)
ol &o| 8l¥ =2 AAFA Y Ak 715 M 5
FoAl Fast HAAE A|Fdl7] wo]thFasola and
Ruiz, 1996; Gonzdlez-Solis et al, 1996; Marques and
Vicente, 1999; Elphick, 2010). ¥ B A57|(growing
season) &2 YAAQ FAEHAl(aquatic ecosystem)E
‘dato] Tkt Xi’ﬂ—ty"zi—zrim—% -eFettiBambaradeniya
et al, 2004). AMFHAFEES £Q - BuAFE EFS
FEFAA Tog dmAAdS vEd Vet Yt Algst
7] ol W A E o] gstel JlojA g 4w 2 gt
(Krapu and Reinecke, 1992; Sénchez et al, 2006), &5
 AMTFAFEES 22 - BuAlRlA HAAE @Xﬁ]:
T3t eclog 2438w (Sherfy et al, 2000), =& - =1
521 0% 45 ATS e sl S
A7 o] gHe ol & 2= 9otk
£Q - FAFE =9 B4 72 T 29y =55 7
7] UE 7o 7R AAAR o] gshs Zo® KAt By
W =5 FEY R vlE 28 - SHAFIE A o] &
b= SAS 2l & 4 QlSItKTable 1). 23 o =4
A Fze] vlE] ttVUr A AAA o7 Fo] F9l¥ o
AFAFEES FoFshs 3to]7] wiite] HAXEAL] 7]
sol = Yehd Aoz drkEtiMaeda, 2001). =52
tE =24 xR A4 fAgke] Aokt §olsh|
ol F4] olelol: BAEES] $toR B Ao
A7k AR ZAPIRE 59t =54 AASES s
EHAFE f2A 32 T ik Tf‘igr TR 9
Tﬂﬁ}i el thitito] ZAER AT Lo - EWAlF

o] tjokst Ho)glo] ekyH o7 MAlsl 2= 9»1«1_ ko] HA
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Fig. 4. Seasonal change in the number of individuals of shorebird species in rice fields during spring migration
period of 2014.
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Table 2. Species preferences for different habitat types in rice field during the northward migration period of 2014

Habitat types

Scientific Name Plowed Moist Shallow depth  Deep depth Grass Kruskal-Wallis

field field field field field test ()
Pluvialis tulva 0.000 + QO 0.056 + 0.0322b  (0.415 + 0.205* 0.014 + 0.014> 0.068 + 0.0482P 13.617"
Limosa limosa 0.000 + QO 4981 + 2.965> 99.293 + 41.364°0 164.587 + 57.1772 21.152 + 14.230° 33.824™
Tringa nebularia 0.000 + 0O 0.036 + 0.025¢ 1.165 + 0.3612  0.818 + 0.200%> 0.185 + 0.080bc 35.012"
Tringa glareola 0.000 + QP 0.224 + 0.075b 6.170 + 1.728 3941 + 1.481®® (0.289 + 0.132° 35.847"
Calidris ruficollis 0.000 + QP 0.099 + 0.0992¢  0.573 + 0.249=  0.026 + 0.018> 0.131 + 0.1142 10.565
Chlidris subminuta 0.000 + QP 0.000 + 0.000b 0.068 + 0.035* 0.000 + 0.000> 0.013 + 0.013° 12.552"
Calidris acuminata 0.000 + QP 0.417 + 0.248° 3.903 + 1.028  0.480 + 0.222>  0.347 + 0.158° 25.954"

All densities are in birds/10 ha + se. In each line of the Table, different letters indicate significant differences among
paddy types based on Kruskal-Wallis test with post Aoc Mann-Whitney U test with the Bonferroni correction. Statistical

significance was evaluated at a = 0.05,
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FollME “HEA F 5 cm oo ® S A | Fe
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Appendix L. List of shorebird species observed in rice field during spring migration period of 2014

Physical structure Activity

Scientific name Paddy Ditch Levee Road Feed Rest
Family Charadriidae

Pluvialistulva

O

O O
O O
O O

Charadriusdubius
Family Scolopacidae
Gallinago gallinago
Limosa limosa
Numenius phaeopus
Tringaerythropus

Tringa nebularia

OO O0OO0O0

Tringa glareola

Xenus cinereus

O

Actitis hypoleucos
Arenariainterpres
Calidrisruficollis
Chlidrissubminuta

Calidrisacuminata

CHONONONONONONONONONONONGS
CHONONCHONONCNONCNONONONGC,

Calidrisalpina






