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Determinations of Shorebirds Diets during Spring
Migration Stopovers in Korean Rice Fields
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Abstract - Rice fields are important stopover sites for the conservation of shorebirds during
long-distance migration. These fields serve as food sources providing energy for the next leg
of the journey. Shorebirds are able to change their preferred food source at stopover sites.
However, the type and distribution of food resources remain unknown for the shorebirds in the
Republic of Korea. Therefore, we studied the type and distribution pattern of food resource
(macroinvertebrates, remaining rice, and other seeds) for shorebirds in the rice fields. We
have identified potential and actual food sources for shorebirds in the rice fields. The potential
food sources were collected by using a core-sampling method and the actual food source was
ascertained by observational analysis. As a result, a total 19 species of benthic macroinvertebrates
in 15 families were recorded as potential food sources. A total of 9 families in 9 orders of benthic
macroinvertebrates known to be actual food sources were also recorded during the study period,
including loaches, and a tuber of sea club rush. Also, the distribution of the food source depended
on soil conditions generated by cultivation such as plowing, harrowing, and the use of pesticides.
In the present study, we identified the type and distribution of food sources for shorebirds. This
information can be used as essential primary baseline data for conservation of shorebirds using
the rice fields of the Republic of Korea.
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M = ANIRAE FAstaL A &th(Piersma 1987a). WHetA] o]F

S B U BES S8 AeE o chopet 371713

H AYE o|Fsts HEHQ 27U 2= AF A] (stopover site)= ©]-83+th(Brooks 1967). £3], Y &of 9]
(Charadriiformes)®] 4= W AE F4] glo] o]&317] g FUA7|ZAAE o] &t R EHNFE AFAHA
= SN B 5L AF BAA0] EEsle] 8% ok 29 o3 Brbsd A48 F@sthSkagen and
Knopf 1994a). =2 EHFE= 2 YEETE 95 75
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ek (Hamer ez al. 2006). 1oh= BRI 2, 5ol AT F
71ZAE ol B2 EHAFE 20A o Hls) 2]
2 A7t eheFsAl 2A o] AR E o]-8-3tth (Skagen
and Knopf 1993).

FUA7NZA = UF 7t olss Hdl A&T A9 F
AL Qo= t= ZaEYAFAAA FAg HoldS A
3tk (Myer er al. 1987). EREHAFE 73394 4
2] 2} (opportunistic feeders)o]w], |22 7]2FA] ol A 3t
AE= FHIT HFAABES T8 Ho|RHer o] &35t
7] 98 Aest= Hole: dA vHE 4 Uth(Skagen and
Oman 1996). 7| 22| H oA ERlE= FHIT HFAAY =
2 ZREHAFY AR AL AAste T aar
A 5|31 Utk (Sherfy er al. 2000). whehA] F3H7] 2424 9 2t
A7 olele ANl ERBEUATE HE} E3
TE ZAA3} (Gross-Custard 1969; Puttick 1984; Piersma
1987b).

=2 Q7234 W SU7RAZ A AA 4 HAH Y
15%%5 A3k ek (Lawler 2001). =& ThE ZHE AjujA|
Hoh 279 A2 2 S sk At} (Fasola and
Ruiz 1996; Elphick 2010). €3], got7}o] Y23t =2 7+
2811 e ZoEHARA T3 FHAAE At
(9 Lourengo and Piersma 2008; =1]: Elphick and Oring
2003; oFA]o}: Maeda 2001; Choi et al. 2014). A8 A 4] %] 9]
2R Q3 o]F (migration)sh= EREHMFE o]FH=
ol YA =& B FEoA BAA AXAE A58t
Y (Shuford et al. 2001; Sanchez-Guzmén et al. 2007), A}
1 579 o 8L HAHEE BAHYA Y 5L 347 9)
t}(Rendén ef al. 2008). E3F =R EWQ L= W2 Qs =
7t o]-go] 3EA1}(Long and Ralph 2001), 9H5 2 ¢l
3 WE =& HAAR o]g3l7|% Frh(Goss-Custard
1969; Townshend 1981). ZZtA o2 YR T @ EHAfFY
HAE Aofixe HE §A9 += 7t 8% 942 2
&3t} (Elphick et al. 2010).

EQ BRI} BASE A71Y) B =S gl
2715 #4|5ts 717H S 2 (Choi et al. 2014), 732 &5 0
2 Qg =9 727 S0l s5HY S4o] EaBuF
of A417) ol&ol G ulAlek(bdiez et al. 2010). 0] A
719 =& Bl g Aol =Zo] B HEYEL 2
7 Zro] Uojtth(Choi er al. 2014). =70} W A} 2+
At ot 2ol 728 th2A 2400 £ag
R A A EEECEEEE S PL
az Q3f, FAE okt E24 729 FolM= T &
o]l AAA] o] goluf 4] HF EAJo] YEhdth(Nam er
al. 2015). B9+ opy 2, AFAU A=A AHE 70 o

KX
.
KX
.

287 AAroluvt By A2 A A =R EEHAFY X
o FH= AR Ee= HH R FFFS v]Fth(Parsons
et al.2010).

g FAE Aol AAF =2 =R BRIl o835t
= giZ242 WS 71&A] |tk (Nam et al. 2012). =2 =1 Al
F7F =efiste tEAQ g AR A9 opamt ¥
AY =ode 224 AF7E Hd A 7L R 15F
7.85270 417} E-2l & QT (Choi er al. 2014). =0 A =R BT
AF2] A7) o]-gof et At YR +H = HUX|TH(Choi
et al. 2014; Nam et al. 2015), 7| ZA] oAl EQlE= Hold
of gt AIFEAQ A= vlH|steh webA, & A= =
FHARAY =& FUNHAR o] &dt= EREHAFIH 2
HHOR ookt WolU BB, o] 23t Holfe]
54 Falshnn 29U

S|

tlo

= \_‘S]':ﬂ—

L&A A Y

AT 2AF AGE SHAEE AERAYG A A&
WA =] (37°02' N, 126°30' E)o]th. o] 9L 19794 th3
N s SN EAA e 249 - F5A . A
FAA G WAL 3904 ha0]H, 15 574.2had] HHS A
HEFPeE HE Auistal Ik (KRC Report 2008). X1$
BEEAGL 199997 E AA7HA] S50l & FAL 5o
o2 AHESAY (A5 AHESHA] e (FEeh A
oz FeEfstar gtk A X F 9] W= AA 2%
HA A F 4602 A] (9F 200 ha)ot TP FHA & 7702 A]
(2F 350 ha)= A3 o] F dFA G2 A= A- 3L
on, = QEHAFY o]F HEQ Forrok-tFF HAfol
%7 2 (East Asian-Australasian Flyway; EAAF)A}oll €] %3t
o =502 E 1Astd A8 9] =02 A5t
gom, &9l = B &5 (A P, A £ 5 5
o ttZA dojuh7] wEell ALY & Tl B =2
2 AAstirh &9 =9 HAL 0452007 (BHrEEL
Zh haglch. AA o] AFE& o]&st= o EYAFE
ARG 71222 1% 661744 STt

B>
oft

ox. o flo
off o
ol

27844 Boldle] B 54 24}

2 drodMe FAAY Hold (g HBAMBET, &
ZHHN, AHY 2o gFE MR = A AF E5E 2
A =94 203 3teha] 29102 ro] skl &
2 892 7A€ ol&d Watd E¢Y FH 2, =2old
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LA B HEAE FAR FRECH, o] F VM| I
€ BAEHARIE BHfske Al719] =oA E3] o
(Nam et al. 2015). 3}8+4 2912 A&7 Ajuf Az} Hs)
XHHH AQE Tl A AzALt 22 ok A #
=7t

%}Zﬂml Hold&
o 2ol A AF 12em, Zo] 15eme] AF Y7 E ©]
&3tel & 1018 BEF s st =9 B 72

2 TS U] fl8l =old A 519, N A E
LA 50315 YA, ok adle] Ggs 2AQlsy] 9
& Z1g7d Al 21 413], @ Aul 2] 603] Y3kt
A Zele (1) 0~5em (1013]), (2) 5~10 cm (1013)), (3)
10~15em (1012) & thro] Zlojof] M Fx S4%= 24
3ttt

AT &2
A& 70% 2 IFAA APLR 2Hlste]
o = SHAF A Holde FRe
=, A GA, 78 Qe R U gla dig A A ES 500
um ol Z71S Eadt 27 HAAHQ Holgow
3L (Elphick 2000). A& S HIAMBES] 5782

Forzo2 $As.

Yol 7] & 20169 59 14L3} 15

3.EQBUAF Qo9 24}

= EBMARIE sk Holds &elstr] flsf 2016
9 59 1297H 169714 59 ¢ A 32 U (obser-
vational study) &2 215t oA 4] &5 9 =9
EHMFE TELF I (Leica 25X 505 of-&sto] A #2
A Bt 2 7hd| gk (¥l = RAYNOX HD-2200PRO +
MAE SAMSUNG HMX-S16)t+ A2 7] (CANNON
POWERSHOT SX60 HS)Z &9J3}o] Hol¥e A9t}
AL ARGl APE Fal ElE dHBAAYES

Haste] Bpzo 2 Blsti,

AAHQ wolge] X EAS lsty] 93] Qs
FEYRY (EoF LIS 2T Y2)2 o1} Hol 4l
=

(EHE‘ZV\V&E JERA, A THEE TSR,

mlo
2

1, A8 9tgh=2), Ze] (0~5em=1
em=3)§ 4PAFE AYAAT, 22 HY& AEWS
2 AR AT. B A4 242 R version 3.2.1 $4 £

EolE o] &3 tH(R Development Core Team 2014).

,5~10cm=2, 10~15

2

AL Bl SAE =l AA stz A HolHel
HPFAMBES T 105 153 195 UTh(Table 1). T7FE
&% (Coleoptera) =47} ¥ (Dytiscidae) T7F7F 718 @ol &
ZE A, T2 2 7|9HE (Basomatophomra) EOHE| EE T
]2} (Planorbidae), € # ™ 2] & (Arhynchobdellidae) 7 ™ 2]
T} (Hirudinidae), 7] 9H5 E23 0|7} (Lymnaeidae), ‘= A&
(Hemiptera) =8 & ¥} (Corixidae) 52 £0|31t}.

N4 AR WolUe] FRE B3] 93 woEu)
(Charadrius dubius), M|52t71 28 (Calidris acuminate), 73
o2 = 8 (Tringa nebularia), ¥ =8 (Tringa glareola), 3
W EQ (Limosa limosa), 58 %= & (Numenius phaeopus)
5 659 TR EHAFTE A A HHE 53l 6%
7o EoEHAFRTL HolRt Yoz o] &dh= TR I A
MAENA = 95 otz YeEs L, ul e Fu A7)
97 (Tubern) = A ot= AL AT 4= AT (Fig. 1 and
Table 2). H&H ZQEHAFE HFAMYES ZF Hol
Adow o] g, MAmALZI9F 22 AlEA Hole &

Table 1. List of benthic macroinvertebrates recorded by core sam-

pling in rice fields
Order Family Scientific name
Archioligochaeta Tubificidae Limnodrilus gotoi
Architaenioglossa Ampullariidae Pomacea canaliculata
Arhynchobdellidae Hirudinidae Erpobdella lineata
Whitmania pigra
Basomatophomra Lymnaeidae Austropeplea ollula
Radix auricularia
Planorbidae Gyraulus convexiusculus
Polypylis hemisphaerula
Hippeutis cantori
Coleoptera Dytiscidae Rhantus pulverosus
Guignotus japonicus
Coelambus chinensis
Hydaticus grammicus
Diptera Chironomidae Chirnomidae gen spp.
Ephydridae Ephydra spp.

Stratiomyiidae Odontomyia garatas

Hemiptera Belostomatidae Muljarus japonicus
Corixidae Micronecta sedula
Corixidae Sigara substriata

Mesogastropoda Bithyniidae Gabbia kiusiuensis
Viviparidae Cipangopaludina

chinensis malleata
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Fig. 1. Photographs showing prey items collected by shorebirds in rice fields; (a) Tubificidae, (b) Belostomatidae, (c) Stratiomyiidae (larva), (d)
Lymnaeidae, () Lymnaeidae, (f) Stratiomyiidae (larva), (g) Stratiomyiidae (larva), (h) Cobitidae, (i) Cyperaceae (seed).

Table 2. Prey list for 6 species of shorebirds (Little Ringed Plovers, Sharp-tailed Sandpiper, Common Greenshanks, Wood Sandpipers, Black-
tailed Godwits, and Whimbrels) in rice fields

Prey type Order Family Shorebirds
Archioligochaeta Tubificidae Tringa nebularia, Tringa glareola
Basomatophomra Lymnaeidae Calidris acuminata, Tringa nebularia, Tringa glareola
Basomatophomra Planorbidae Charadrius dubiu, Calidris acuminata, Tringa nebularia,
Tringa glareola, Numenius phaeopus

Invertebrates Coleoptera Dytiscidae Calidris acuminata, Tringa nebularia, Tringa glareola
Diptera Ephydridae Calidris acuminata, Tringa nebularia, Tringa glareola
Diptera Stratiomyiidae Charadrius dubiu, Tringa glareola, Numenius phaeopus
Hemiptera Belostomatidae Tringa glareola

Fish Cypriniformes Cobitidae Tringa nebularia

Seeds Poales Cyperaceae Limosa limosa
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Fig. 2. Abundance (per core sample) of the food source (invertebrates, rice grains, and seeds) for shorebirds according to pesticide use, field
type, and depth in rice fields. Values are the mean per core or depth section. Error bars indicate the standard error.

Y E AT v e FE Yo zEady Hojzigdoz
o] &3t AL Bl £ U

Eg] gHoME dHIAMPEAAT Fojujgt Aoz
Uebgth(HEANYE =511, df=1, p<0.05; FEHK
¥'=2.76,df=1,p=009; NS *=0.12,df=1,p=0.73). }
FAMBEL FS NE-T =oA o wo] veRdth(Fig.
2). 5F AHE FRoAME HIAABET HstollA F9
ng A0 Yehgth(BAABE 1’ =2432,df=1, p<
0.0001; Z2WH 4*=030,df=1, p=0.58; Aot y*=11.72,
df=1,p<0.001). HFAANYEL Kot F2 FkS A
1A o= A =olA o ol YEbdTh(Fig. 2). o
ANE HFAMBE, FEHA, Kot BF Fouldt Ao
2 Yot (HEAMAE x*=53.71. df=2, p<0.0001; 3
E/R 4’ =27.79, df=2, p=27.79; NSt y*=27537, df=2,
p<0.001). ZE A2 Ho| YL AFH o EF(0~5cm)°]
A FREZ7F AA 3] WA et (Fig. 2).

{
ey

i

(ABAAE, BERA, L B4 w57
ARA W ARAQ o] EEA ARHE AL AT 5

AT
AY e T8 e EHAR7E HolAdoe g AYst
£ WBAMBEL =olA vud o] BatEe TR
(Choe et al. 2013; Han et al. 2013). =R EHA|F= v
4R BT & e RANARE S0 AAshe
02 BdEh. o= F7IFA GO A o || 5o £l

g SHEE HolAYE FAHLE ATAAS vt Ao
Ht}(Skagen and Oman 1996). TR EEH A 7= Folgl&
o

Holpol B BUWoIRE AASHE maol Hol T
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QAT 9 Fol =Polg} g 277 A AR
ol RE AL mae A9 WA Yok
o] thF= A7 (handling time)T} o] Y= A
o A7) AAe) Bzt 2@ Ho] Rt A
3 &4 A Qlth(Piersma et al. 1995). #o] th&
to] AXA FH A& (feeding rates)o] o] x| 1L, 9
YA 487} F71skcta &4 9lthJeschke et al. 2002).
E3 Ho|xpYo g AASE AL 43S (digestion rates)
Tz DR #Ao] ok (Kenward and Sibly 1977; Jeschke
et al.2002). 2= oHA| &HlEW S5&S AA|FoE ¥
Fstel BojqloR o] 88 Ao perHch. gebd, P
o] A Hol thR= Ato] A AL oyA &7t 23
et AAS ZFs] fiizol £3k&o] Wol oA g5
& 9] 2ojA7] fZe] =& SRR R o] &dh= =&
EHAFE E¢HolRE Yoo g o] &3l g Ae=
HAET =olds 5o folgt 22 A7]9] Ho|RUSE
o] g5t Aol FEdt AR HoHct o3 Hol| A2
EY9Yo|RE oy FoF F5olv EVMEF f3k
ol A=A eH, A AH HEJAE B2 vER ¢
o] AAPo g o]&dt= AL FIT £ Uk A= HFA
MAE 1I7AA1 o BEFS ZATE, =04 SR8 7] o
2o g50] gojsto] =aEHAFE A&HHQ S &
3 AqUAE FHst= AoE Addt HFAABES =
YA A A 2ZfaB| =] f]R|BEe] TRk A ETLOA H o]
do= Zg35t7] wjZo HolAkgolA Fagh HTE Ik
(Smeding and de Snoo 2003; Han et al. 2007). ©W2tA ol&
of gt Tele LALRAR] EeEGAIFL HA S8
g 9EgS ¢ AoR wkdrt

599 AP ¢ A WEE 58 Ao =8t 1
He|RE AAste AL 43] sttt v R dE
A Eol vl HEFo] AA] ot et Freea
= =94 HHRYFE F& YA LR AESHE AoR
wotEth v[E 2AL 7|70 ZA] FYRAITE, o] 7|7HE B
Z20] T EEAE7} T8jsls A]7]| 2 (Choi et al. 2014),
& ZaEHAFIE W= EstaL, AA A
ot Fohg =g olejo mFRE HolPor o|§s}
= BEEHA FYth ol A A= E At
£ ZaEGARIL u e RE Holger o] 8 7HeA
wol Beltt u| e F= thE ofFol Hla] =ollA AF
+ 7170l A, =& AHAQ AAE R 0]t (Saitoh
et al. 1988). SFA|RE AR Q2|5 vl AL Q0 B A ¢
Ho ALgalH A A7 2748 (Han er al. 2013). 2
= 52 WS SWNRA R &8EHE =& ol8shs Hohe
=8 A FAE ol w2 oUAEeRE AlFEH= 3t

o flo

i
2
[

RN

A

fr 2 Jo 0L g2

~

E

%o L or i o

7ol digt #E|7t 22T Ao wod. v {REe 2
T RU 87tRet 2 dFAAEES T8 Holdoer
0]-g-3kc}(Kim et al. 2011; Han et al. 2013). wW2hA i@ A A
AET v 7o S Bt R A FoAA oF
stal FEE HoldS AFE AR 7|hHrt.

A zp71 o] 172 AFFu], A, 1Y{ S Z2
A 279 Fa3 Holdog AfHujRt7] 9 A W=
527 MAF Agaez geat= Aoz2 & &
Z Atk (Yoo et al. 2010; Choi et al. 2015; Kim et al. 2015).
T3 o AFE Bl WA AL 52 SRR

iu

9 EABUAFABY HolddE WAVt AT Sue
209 2o EABYAR)IAE a3 4AYS BT

N

4= Aok oEbA =4 HolE 53t dF 2RE
Uzt 3% 2R7AE A= S48 AR F 5
Ul Ao wetEth A7) THEA] oA 2 T
Aote thdA F2E Ao ¥ YAE Hol=rg =
olf+2 MAAL7] WA &Fo] wol o] FoF T (Choi et al.
2000; Hong er al. 2001; Park et al. 2011). 3} A%+ A ET}okA
X EHAA AZET o]58 BAMNA =& F8 AAA
2 o] &3t 2FEY HAL ol Holdo= o] &H= A
Aufapz|er 2 =320 #e 9 &8 et 1 E
Za4o] ot

SuHEQe 2E PAE tfRHQ Ho|Ygo R o] g3ttt
= Ao] 2 & A St} (Lourengo et al. 2008). 1L} E
TFoAe AFH LR YAlstes BEg2 A=A Fhrt. of
= F4 YT EHOE Q) T A AotV freR
gt dSE ey motE R T2 F2 Holg &
Qro &2 s & Kol Bz WY (pecking)E T2 A
Hejo] AhgFE HolE Seto 2 A gjlo] 7HesHAR, &
nYEQ = G4 o] ReE Ey ey 545 0|85t
HolE Abdsh= W (probing)S A& 57| w2l 2y &
Zo] 357 YRR ATETH(Nam et al. 2015). 25 =8
EEHAF7E AAske Hol9 FRe A BEE FREGD
= o O Aoz Y4E

e JH = 5 ARl ZA FFE WA G A
o2 YetgA g, P ABEL Ao S AR
YA Gl A T FHRETF RS AS
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UARAAT, WP A ES ool 1HH 4 s
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2 g W Al Al B F2E WAsH] fle 4
L s T g Eo] AEo FEAEAY B AnE
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of o3f ogH & EGLR o|Fste] IFsHA Hrh(Chen
et al. 1978; Deuel et al. 1978; Baker et al. 1996; Park et al.
2005). &€ Fofo]l Bl ZRstHA @AY=
Ze 8 Y%L 7AW A2 wodEch(Han er al. 2013).
SRBYNFTE ol G5 BAY 2L AR AZA AL
o2 APH G Wol 1 471 2YY A0E BEE
o ES 248 08745 AL ez AuEs Ao
02 5 2 S B A P57 S8 Al 3
Wmo] Wolzl A9ke] o] AZAS AHgste] B Folk
BusdAdun S Aoe BuTn 2% o 489
{77t QBT Holue BTG FREE A
Z8% fcloety & 4 gtk ulS FE W o] o
g ok Belo] ginka SetE, A BuARE WA
2 ofuet HRAMAET Aot 5 1T ol §317] B
ok ALgo] AL Akoto s HE Aufels Ade] 2o
EQAFIE o188 = gl Holo ool I FHT AL
2 pekEr
2 AT WS SRR =olA A4t =oE8T
7] Holee FRet o5 BEXE AHshe 2ol of
3 FAHCR ST =R o2 =& o] &dte o EHAY
Fo BHA A a9 7|2 ARE ATY ALz 7"
T =% ol&dte ZaEHARY F 5ol Yol
3l WS 712A A =] 7= 7]
< WYs| geld ot o =& F7IFAR o]8-8t
2EHMNFE= 54 A7 ASHe BFol 27] HE
of = A7lel we FAHA AR 240 sttt =
< Aztell s wjwaA zHo] A He dF FA0E=R
AFAA AFE Bigez W AulE A% Fs Y Al
ek 3 g Jert ey Eofof & Aot

= o AL
s %‘ws © SR BAARE 20130 te Aol
= % inh agEE F718014 15
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Aol 9AE $ANY AR HolAnt AA ol
A Selstglm, AR Bol o] Bxv} thapet v Al
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5ol A3 FFe TeA LorETh I A A 9
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2l Fu AR A= dAske Aol FAE U B3t
ol FEE= =2y ”ﬂr’—ﬂéi’% g2 BAez 44
B AdHiek woF A °ﬂ osf gl Ae &4
T 4 A 53], Holde] FRHIAAYE, FEHA,
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