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Abstract the “plowed with water”, where they used both visual and
tactile searching methods. Wood Sandpipers and Common
BACKGROUND: The coexisting shorebirds often use Greenshanks were frequently observed in “shallow water

various foraging strategies, including feeding methods and level after harrowing” They spent a considerable amount of
habitat use, which are the likely mechanisms to explain the time using a visual searching method. Black-tailed Godwits
variation of morphological and behavior traits. We studied were selectively attracted to “deep water level after
the foraging behaviors of four shorebirds to define how harrowing” and used tactile cues as their predominant
species separate according to habitat structures in rice feeding technique.

fields of western-central Korea during their northward CONCLUSION: This study demonstrates that the water
migration. levels related in soil manipulation and irrigation intensity

METHODS AND RESULTS: The studied species were influence the accessibility to foraging sites and the
Long-toed Stints (Calidris subminuta), Wood Sandpipers detectability of prey for shorebirds species.

(Tringa glareola), Common Greenshanks (7ringa nebularia),

and Black-tailed Godwits (Limosa limosa), which were Key words: Farming practices, Shorebirds, Rice fields,
commonly observed in rice fields and represented by a wide Water level

range of morphological traits. Habitats were categorized

LN

into three types (“plowed with water”, “shallow water level M E

after harrowing”, and “deep water level after harrowing™)

according to the irrigation intensity and soil manipulation of EezdAlel A A7 E FEll mesuAlEel A4
the farming practices. Long-toed Stints mainly foraged in o] 83 el 875 AAKlife history)oll Hiet 8717}
7F&3ttHLeon and Smith 1999). Goss-Custard and Durell
(990)& % A5 Bl chorer Bvish e A
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Fig. 1. Map of the location of study sites in rice fields of western-central Korea (four closed rectangles).

selection)®l] it ©]allE o1 5=31(Titman, 1981), ©l& Al
7} AAshE A E Tl o= AYo] FagkAel| st 3
7k W o2 o] ¥t Davis and Smith, 1998a).

A EoEwARe] el tiE A7 FE A
i 28 slib A 9eA o] o]FoF 1 (Holmes, 1966;
Baker and Baker, 1973; Colwell, 1993), W5&]oll49]
A= =EtKDavis and Smith, 1998a). YHHHOZ T Q
AR A7l wep BEAR] egFzdo] wig- thEH
(O'Reilly and Wingfield, 1995), ©|gjst 27 %712 o]
g5 5% YePdtiDavis and Smith, 1998a, 1998b).
T3 B2 o EuAlRIt ekl UEA9E BT AAA
2 olgslitia & AR 7 A zhel] A 2A] o] &3} F
T/l Zpol7} YERdTHRecher, 1966; Myer, 1983; Davis
and Smith, 1998b). ©]i= F2A7]ol| o] &5k Thakst A4
A EQEYAF wet Q53] g owlstal o]
g zfol= HA s 5H0R vepdth

B moRuN] FE WHAAAN L5A7A wid
12,000 kmellA] 25,000 kmE ©]&3tHMyers et al, 1987).
EQEUAIFE o]FelE o el FAE olux|gEt 4
A Z2 U7} I QSFtHMcNeil and Cadieaux, 1972).
Skagen and Knopf (1993)= “334]Q] ©|F(migration)&
A8l MARe} DA Aol o]5E ddshs FIV]AA
(stopover sites)7} WAsHA AAEofof sirkal ATk
S 2AEA 9 =HAE CoRu)e} 2E o] EHA A}
o] &sh= T3 FIIHA F so|tHNam et al, 2012,
2015). 4130t Loi= W HASo] s o HFE 5
AA7E kg, olH et wEAE vhaFet ZfelAl Holgt
FAAE AT YTHYoo and Lee, 1998). =54 YA
A o7 Iri(flooded fields)S FAdto] 275 283
ekt FAAE Qs AAXE AlgdH(Fasola and
Ruiz, 1996; Elphick, 2000). 5} ofujz} FopaJol-tfokF

AAlo]'57 Z(EAAF; East-Asian Australasian Flyway)’
of fAjste] HEN7IFTS EF vkt 27 AAAR
1 F870] ZxE 1 JIEHKim et al, 1994).

& AT I FHFAY =E5AE FVIRAR o] gs)

g

ofe] MAA S A or o] &ah=A] &latr] S8l 43
H3 =wAs Geiiel wet vk dele dAs|
wEel =EAeA FHAlshs me Bl 3 549 s
ok EQuEUAT 7h MAAE e 0w o] &sh=A] fF-
= Rl S8l Fasith

)

Mz H e

ZAKIS

B AT oRibE, ot Wik =HA] oA St
(Fig. 1; 36 54'N, 126 59'E). A7 A9} 49 S9HiE] 59
S| BAdehs mesuAFelAl Ws 139 7]
52 71 3toJthNam et al, 2012; Choi ef al, 2014). ©]
717 F E=EAE B A @ Aol e AR
A3} AR FEE BRIt Nam et al, 2012). 749
CEAE FEY =508 HEE FAE FAH glon,
71 A7) B 100 m x 50 mo|th ZF FA= A5l
pQlell oJaf #EfEal flom AEdle] AAlEe] wht
BRI = B AI7F et 2AF A 9] AR oy
gm0 S Bl ToEuAFsE wo] waE 4719
TAL1NY FAFTE oF 88709 BAE EEE 0.4 km®
o] WAy Ao w2 At

SO EWAIFY FHAdEHEe 201197 2012 49



180

Nam et al.
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Table 1. Main feeding behavior parameters of the study species observed in rice fields of the western central region of

the Korean Peninsula. Values represent the means +

standard deviation, with lowercase letters indicating significant

differences among shorebird species based on Nemenyi-Damico-Wolfe-Dunn joint ranking test (P < 0.05)

. . Common Black-tailed Kruskal-Wallis
Long-toed Stint Wood Sandpiper Greenshank Godwit test (Fh)
Moving rate 152 + 0.63° 1.86 + 04° 1.79 + 091° 112 + 046 24.01°
(number of step/s)
Pecking rate 041 + 0.30° 027 + 0.15° 045 + 059°  0.01 = 0.02° 60.06
(number of pecking/s)
Probing rate 048 = 0.36° 0.01 + 0.01° 0.09 + 0.14° 035 + 0.07° 61.69°
(number of probing/s)
Inter-moving rate
(number of step between 0.09 + 0.06° 0.16 + 0.08 0.17 + 0.15° 0.18 + 0.07° 18.54
pecking or probing/s)
Turning rate 0.19 = 0.09° 0.17 + 0.06" 0.18 + 0.1° 0.07 + 0.04° 40.26'
(number of turning/s)
Intake rate 045 + 0.16° 020 + 0.1° 038 + 04" 016 = 0.05° 34.98°
(number of intake/s)
" Comparison of species significant at 7 < 0.001.
2D-Stres'.;: 0.1 B o [ Long-toed Stint
2 A Wood Sandpiper
O Common Greenshank
g - ® Black-tailed Godwit
; i
)
a
s
o
o
; _
N
e

MDS1

Fig. 2. Nonmetric multidimensional scaling (NMDS) plot of 194 sampling points (individual data of four shorebird
species) according to total feeding behaviors. The final 2D-stress value was 0.16. Grey ellipses indicate standard
deviations of point scores for each shorebird species. Arrows indicate direction of increasing feeding traits of each
behavior. Length is proportional to the strength of correlation. Open rectangles, closed triangles, open circles, and closed

circles denote Long-toed Stints, Wood Sandpipers,

Common Greenshanks, and Black-tailed Godwits, respectively. PE,

PR, MR, IM, and TR denote pecking rate, probing rate, moving rate, inter-moving rate, and turning rate, respectively.
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HTHFig. 2; 2D-Stress: 0.16).
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Fig. 3. Ternary diagram of the microhabitat use (from 0 to
1) of the shorebird species of each rice block type in rice
fields of western-central Korea. Each point within each
species represents different study sites within the study
area. PW, HWB and HWA refer to plowed with water,
harrowed with water depth below 5 cm and harrowed
with water depth above 5 cm, respectively. Open
quadrangles, closed triangles, open circles, and closed
circles denote Long-toed Stints, Wood Sandpipers,
Common Greenshanks, and Black-tailed Godwits,
respectively. Sample size of each species is 12 (3 surveys
x 4 study areas).

Q18 FAE o83 itk S
ol o] 42919l FAE olgsiia ‘ﬂé
o 7Pt F97F S =EAE o] 8aFthFig. 3 and 4).
FREed Suelrest 444 o)g el 1 g5t
3(Table 2; Pianka’s index: 0.07), ¥&%= 28 Hue|=Q
T o] MAA o g sEle]l 7P FARSISITHTable 2;
Pianka’s index: 0.75).
=N ANSE 4B EasmRe A43

E_‘
27076 + 0.15 (B = E%ﬁd‘}) o= M ok

Aske BA'E F2 ol gAY A 5 am oMYl 5
5
[e)

Foi

01-}1 H
jﬂ ro

Aot £ 27} 0.68 + 0.17% THAZ GHo] =9t} TUT
a8t SHMHEQE 27 052 + 013, 047 = 0.12% FH0

T T T T

LS WS CG BG

Fig. 4. Box plots representing the range of water levels
used by each species in the rice fields. Boxes represent the
interquartile range of water levels at which each species
was recorded, and lines within each box denote the
median value; whiskers encompass the majority of points;
outliers are identified by circles. Sample sizes for each
species are given above the box plots. Different letters
represent significantly ~different among the species
according to the Nemenyi-Damico-Wolfe-Dunn joint
ranking test. LS, WS, CG, and BG denote Long-toed
Stints, Wood Sandpipers, Common Greenshanks, and
Black-tailed Godwits, respectively.

SIOITH(=44.24, dE=3, P < 0.001).

o ATE FE 5E SRWNRAR] wEAE
LEWAT 452 FA WY ol 8shs MAA FEPE v
= & F otk Aol ss she EasulielA S
A= 87 Moldo] A Ho] A9 BEE 58] &

+THSkagen and Knopf 1993; Davis and Smith,
1998b). 101] w2l EeEuiss SRR 9 vt
FHA s A e 74_& &4 QIthDavis and Smith,

Table 2. Pianka’s index for the niche overlap between shorebird species calculated from habitat use in the rice fields of
the western central region of the Korean Peninsula. The results of the bootstrap simulation (1,000 repetitions) to generate
the observed value, simulated value (mean + standard deviation), and simulated 95% confidence limits for niche overlap

of habitat use

Observed value

Simulated value 95% confidence

Long-toed Stint - Wood Sandpiper
Long-toed Stint - Common Greenshank
Long-toed Stint - Black-tailed Godwit
Wood Sandpiper - Common Greenshank
Wood Sandpiper - Black-tailed Godwit
Common Greenshank - Black-tailed Godwit

0.47
0.38
0.07
0.75
0.36
0.50

0.50 + 0.16
040 = 0.13
0.08 = 0.06
0.81 = 0.10
0.40 + 0.17
0.51 + 0.13

021 - 0.78
0.15 - 0.64
0.01 - 0.22
0.66 - 0.98
0.12 - 0.78
023 - 0.74
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Fig. 5. Box plots representing the range of feeding
efficiency for each species in the rice fields. Boxes
represent the interquatile range of feeding efficiency for
each species, and line within each box denote the median
value; whiskers encompass the majority of points. Sample
sizes for each species are given above the box plots.
Different letters represent significantly different among
the species according to the Nemenyi-Damico-Wolfe-
Dunn joint ranking test. LS, WS, CG, and BG denote Long-
toed Stints, Wood Sandpipers, Common Greenshanks,
and Black-tailed Godwits, respectively.

2001; Cole et al, 2002; Dias et al, 2009). 1#1} =54
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AAA] o] &2 Aol EaEWAFY ¥4 5499 &
Qe A4 Aol et AREE S g1 5 Ul
ARk o ® FUHEQE F tedol® Q) 71 AR
&2 Aol 2] F2o] o]t Collazo ef al, 2002). =
717} 2 EQEUATE JEA AlckoR Qs & 4
oA H 2t Weber and Haig, 1996; Isola et al, 2000).

2 e $28 FUEQ F2 ol gahs AAA 7
ol % B W WA T3] AR AXue] 917k W
FY=7] o] B Ee BT W) FREL} o)
& 5 e AN T AT el giok web B
ot o4 eo] H5 o] 37] 913 pecking®]
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Azbect detE e 9l YT aE =HAoA A4S ol
ot AR peckings T2 Wo] o]&at3ithTable 1).
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A @AEE O Fele TeAeR A4 259 g
W4 E(irrigation intensity)ell <Js AYHth 259
2le oy Hes} Z]lo] o] FojA= A7]el wel Gt
AH, RS W ARV el s Adn =4
Ao PR el W Aol = Qlef BA EE T ¢
819 M2A 7 2D Nam ef al, 2012; Choi ef al,
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23 = Qe FF7HE AFITHGatto et al, 2008).
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