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Abstract

The habitats of shorebirds can be divided to foraging habitat and roosts, the latter is
the area in which shorebirds rest in flocks when the intertidal flats are inundated during
high tide period. The coastal area of Chang-Hua, Taiwan is an important wintering site
and also a stopover site on the East Asian — Australasian Flyway. The nutrient rich
mudflat in the central west-coast has been the major feeding habitat for thousands of
shorebirds. However the neighboring land area is now occupied by man-made
landscapes, forcing the shorebirds to roost on aquacultural ponds’ dikes during high-tide.
Previous studies conducted in natural coasts indicated that predation risk and energy
limitation are the major factors affecting roosts selection. However few studies has been
made in aquacultural environment. Thus, the aim of this study is: (1) To verify whether
the usage of roosting habitat of shorebirds is selective, and to compare the habitat
preferences between different species. (2) To compare the relative importance of
environmental variants.

Bird surveys were conducted monthly from October, 2011 to May, 2012. The
sample area is the aquacultural zone located in Fangyuan Township, Changhua County.
Six environment variants of dikes were collected through fieldwork and remote-sensing
images. Length, vegetation coverage and sky visibility are the variants related to
predation risk. Distance to feeding site, substrate type and shelter are related to energy
limitation. Cluster analysis is used upon species of small sample size, to cluster them
into groups based on the similarity of the dikes they used. Univariate analysis is used to
determine whether there is environment preference of roosts selection. Model analysis is
used to compare the relative importance of variants.

In the period, 18 species, 52922 individuals were recorded, which totally used 147
dikes as their roosts. Kentish Plover (Charadrius alexandrinus) had the highest
abundance and number of dikes used, followed by Dunlin (Calidris alpina). Except
these two species, two groups were made by cluster analysis. Group 1 includes Pacific
Golden Plover (Pluvialis fulva), Greenshank (Tringa nebularia), Marsh Sandpiper
(Tringa stagnatilis) and Redshank (Tringa totanus). Group 2 includes Grey Plover
(Pluvialis squatarola), Terek Sandpiper (Xenus cinereus), Eurasian Curlew (Numenius

arquata), Great Knot (Calidris tenuirostris), Greater Sand Plover (Charadrius
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leschenaultii), Lesser Sand Plover (Charadrius mongolus), Ruddy Turnstone (Arenaria
interpres), Red-necked Stint (Calidris ruficollis), Sanderling (Calidris alba), Red Knot
(Calidris canutus), Curlew Sandpiper (Calidris ferruginea) and Tattler (Tringa brevipes).
The result of univariate analysis indicated that all species prefer to roost on dikes with
longer length, higher visibility, shorter distance to feeding site and with sheltered side.
The preference for vegetation coverage of group 1 is opposite to other species. The
result of model analysis indicated that length, sky visibility, vegetation coverage and
substrate are more important than other factors.

This study verifies that like in natural coasts, roosts selection of shorebirds in
aquacultural environment is also affected by predation risk and energy limitation.
Different preference for vegetation coverage among species shows that different
anti-predation strategies might be used. Besides flocking, shorebirds of group 1 possibly
use camouflage simultaneously as their anti-predation strategy when roosting. Predation
risk is the major factor affecting roosts selection of shorebirds. This might be attributed
to the characteristic of aquacultural environment, which usually has fewer large roosting
area and more visual obstruction than natural coasts due to the existence of complicated

artificial buildings.

Keywords: shorebird, roost, habitat selection, preference, aquaculture, dike
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THNE 2 ST
E R & MBS (Generalized Linear Model, GLM) ¥ ¢h= 78 A # H8 2 =
EPFRAOGEENNRPF 2R o E 2 2 EN R A RAFE T BEEG S
AT Dl R LR FBAMET NP E A ORI AR NI A e p R
W 6 ERERE BV RE IR LE L SFIERIBFYER O ERE
B~ RFRANET FEL N RE -
B ORERR PO S BLETOR U i & = 4 F 050 0 Hosmer-Lemeshow

test (Hosmer and Lemesbow 1980 ) &7 £ if B th T o H Mt E A & ¥ 24 2 n

o - RIS RBF LB 2 S BER LRI R N2 2 AT

S



FRHRIFFLATAE 2 PP ERETH
FArAM g ﬂﬁ%fﬁfﬁzf‘—; i A 4 k£ (Farrar and Glauber 1967 ) »
Fll e AR REFLE vl AR RPBERR D B ERY FE P RAE
#p W) % #ceh Generalized Variance Inflation Factors ( GVIF )( Fox and Monette 1992 ) »
UEFE SEEE: £k & JriF SOl F 5 SRR N £ 4 3 SEE AL
P2 AL LML E R RAT LD 2 BR o T o R RER D
i&ﬁﬁ;“n’f‘.ﬁxf;’.é* w42 A (Cliffand Ord 1970) > F]pt # * Moran’s | & ¥ ip|% & &
PEFLALLTEZE M o gAY 2HGVP P A BRA 2 B AR R

E-03

Hrig € (R ipdfc ) £ I A R R T B A L hMoran’s 1 i
ARl 2 1 2B REFEA T o RIFRFILRI%RR > § p<0.05 FiESET
5§‘§L514yif’§ﬂ'3fﬁfa‘?” o & T q*a LAz ALE ek (Gittleman
and Kot 1990) - 3 Z & p AP B 2 2 #5358 @ = 5% 5 3 4v — Autocovariate 3| p
A P REE T R A F P FIP T (AofE i) @RI A B Rk
B i Ap 2 3 % (F. Dormann et al. 2007 )o 4e » {8 5% 8 A hy=X B+ ¢ % = y=X
BroA+e » P X &4 p %ip B84 H sk » A4 Autocovarite > o &
8 Gl A2V RET TR AZPEIERE > LA TEREY A RRRDS
FoPhR 2Rz AN EHEF (p>01) i) BEIEY -

BoViEH 2 N T

HAT0o2 585 B3P a2 8% 8Fakha 3 27
% L B S ikip £ & 1 (Burnham and Anderson 2002) - ¥ > fo;t i » ¥
BT A4 A T it B s T & 3t 2 AlCe iE # AIC differences <
2 2 #5% > £ 3730 5 Akaike weights (@ i) &£ 8758 T35 o o8 T iaps > {4
IV E LR R EZAHEL Y P HEEP 2P E N IR R RS
B MR dpte c HiEE S 1o Bl 5 00w A Rty st

b

x
T
A
?‘1‘!

PO S A RAAS ] Y R A
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EXAALE

2011 # 10 % 3 2012 # 5 % ch8 N B ¢ » ¥ edr PB4 5 13 /6 @A
55 £ A M7 iFa kA (£ 2) (R 7)- 147 i3k g7 o EAzesr] 1
AL IRk AL 46% 0 2 S ik 20% 0 3 =4 b ik 34% (4 3) (B 8) e
7 A& ¢ oA > k5 (Charadrius alexandrinus ) s#ic® #. % ¢ & * S 7 >
HHE=h <8 4838 & -8 S A2 Mt 103 iEH H = 3 238 (Calidris
alpina)> 2 8 st &~ & 3070 & > = 13> 80 iE 3k (£ 2)o d >N 4K #@( Charadrius
leschenaultii ) f=% + & (Charadrius mongolus) %5 # % A FF 7% 5 B3 > Tt &t

SRR TR

B % BB AR & FE

147 5 R D AR AR B AIRE R H R R R R
B AR 1320 2 AEF L 89.80% o A FASEHARL D Atk Ay 124 05 0 RS G
84.35% -

TR AP A A HEEE
PR LR AR EFHEE LS T B RREIL EEIRN
116 AL A 3 # (au p-value > 0.95) (B 9) - s+ 1 & 45 1 * T X &g
(Pluvialis fulva) ~ 3 ®4§ (Tringa nebularia) ~ -] + &4§ (Tringa stagnatilis) % #
% 38 (Tringa totanus ) - g% 2 # 4% ¢ % za ## ( Pluvialis squatarola) ~ & # 38 ( Xenus
cinereus ) ~ = ¥3#8 (Numenius arquata) ~ ~ /% 3§ (Calidris tenuirostris ) ~ 4 v
( Charadrius leschenaultii ) ~ % + # ( Charadrius mongolus ) ~ % % 3§ (Arenaria
interpres ) ~ =% ;% 48 (Calidris ruficollis) ~ = &t ;% 3§ (Calidris alba) ~ = "L /% i§
(Calidris canutus ) ~ %*# ;% 3§ ( Calidris ferruginea) % % %_3§ (Tringa brevipes) -
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LR AR E

i H R 37 R E BB R TR Y o B e IR R TR S Rk
SHRET o T RS R AR RAE R LS H IR SR 2
BB REEEUEATHEFLE (p0.05) (£ 4~ 4 5) PEHERRE - IE
e pary wwh ok AHE (FI10-RB11)-

T LRELD R BRFILE FH 2 TR DR AEEMEAR T
E % 4B (p<0.05)> fi#f3 1478 % (p<0.1) (£ 4) wEHEI TN LAER
%k AR (B 10)

EREe TR  BRIRE FH 2 e ﬁﬂﬁ\#ﬁfﬁﬁﬁ\#%&’ﬁ %
EFZP (p<0.05): ¥ 0 4i § % sk A3 4E 5 43 L H R SR
FERE (A5 RHRY TR FZEREAHB AL TR FE L 30
B®sid R AFER (R

EFAELL S PR g 1%%*%%ﬁﬁ§@%ﬁ@éﬁ%iﬂ
(p<0.05) > 2 L AFHL M+ 2 Pl F (p<01) (£ 5); #H° ¥ licd
AL CTERDRTAE o W FEH D R B A RERRE RF R
(R11)-

;’»“‘\‘

PN RS

S P BHEEON RS T 2R SRR T A HEF (p>01) (£ 6)
LAPRE T BB o AR ALY EE LR AN (p<0.05) - fte
» Autocovariate >t f #4pis > ZEpARM A L EF (p>0.1) (£ 7). #rf 2
2 APOGVIF § 5207 » A5 2F 5 A5 MR Ag (£ 8)-

EH LA EEOYT VN ¢ AIC differences <2 2 #55% > L 2 R
4B > ZPEEIEENIB o FHELENAR > FHE2:ENLSH (£9) 2 F
BEAHE T E N BN A AR T e T LR T B

HECAZRALE CEREE: ATAGL S ARE YK PHREL 5
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Tr A RBEAPFELL P A B R EEY A 05 (£ 10)- H P 3k
EAACREHE S ZRAPEGFE LIS L L P - > EL BT 5 15 HEH
- FERMEEPL062-X T LAETZEFIERT R RE Sk -
TEML L HEH L EgR2s j- 2L, HEE B o0 5 07922 0825

N
¥

HE>RFAMNKRIEE EELE2 P L 019 - ERE5 L L > RFH LHFH
FE2ASB TR ORERERZ - EEPRY I HEFEIMNRAEL > EL P
oo@mﬁ» LTI AT R R Rl - FEEL L HA R
BREH2, 3 -TERM > ERMANL 081 072 HEFE IR LR » £
g5 024

Ly ey 2 @h 82 AREREY R0 @A MRBEDPPHL L
MEEd BT AR EEY 2 05 (% 10) L e+ R L= RFHELE
FHIAAELARE ¥z - LRy L L HEARIFEGFHE 2RI LL
TEMAHL 026007 FHL AHFH2EAELE THREFK2 - L EHL 1
WA RFEH  LRFBHEFEINRIEL > 22053502022 015

13



it

L B R E B

AP LFGLAL A BRRE T EES I BERM - 1 FREFE DR
BLedRnEEY ¢EREARE CFEL S PREAT R WRE D X 200 LARRE
FEZ-LEEPBERY 4 r""\}%“% RO Mmake §EH b
ARTFRATOFRRE > UF AR O T A2 SRR TP RF PP
Feeniz s @ 20 & E R BT 0 §ES IR 9k RUT RN
TR i R I T EH A E R SRR RS Y B i 4

V-2 o fE LA, FHAEMRKR I P R FE A8 AR
AR S v R F o ARV R Ad AR FRATFRERT 7 FERRKY
MReFIFIRAALALIFE g BEAL DL R ELS - k2 R
42T M4 8 b 'k (Christopher H. Stinson 1980, Myers 1980, Cresswell 1994,
Barbosa 1997, Beauchamp and Ruxton 2008 ) - 3.3 + A & ¥ iepr 3 ki B¥ v 5
WRRG RS OR A RIS IR ORE  FAER P AERMRE
T P RFPIEBRIREAENGTL o gE 1 RS FRFERYER I B
TR - RV gt f 2 SR ﬁ*u%'jgd fgﬁfﬁf‘aﬁ v p BArEEt o R S
HREE R G e %0 HRE OEE 2R BESNPLI RS AEFEN LS
BLo K AR AREORAE T 0 S TR HABE W 2 hAE S FRFEHEK
ERG (PR E AL A L) PR ECFH LS, PERIRS (L
FAALE-F &) 2 BREFEA AT B F 1" BETE L S PO F
oo frg g FPTRE TS AR RO o O BRI S TR~ 2R
P8 2 DR B PRI FITL A& R R > Flt S EIERETE R R vk
s mEEE 1 AR T BEA S VR REY EEEEL Y - BEERLY  F

S S SR T SR

Kl
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fﬂ
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WRABBEFEATR AL AT FRASEHF DL L PP ARE 05 T2 £ 3
AP REFHFEE L TR ¥z - -Dias (2009) @ v BB GHT T » F ¥ 0D
2 B2t Be o FARTALER DL LR REK B R ran
BETHAZERE R FIARNDAZEL S 2L RARP G

AR O HREY SFEFIERLGOAEL KR N F - IR T D
Hipp I ER e TR EHEEE D) R A EBAL LA RBEE RS ER D
I RBRE R - -

F oG o A2 LEAHIAS BT R B2 050 SR rp &
AACTEFAE TR R TR o BT EES AR R PHEL ER YK
(Rogers et al. 2006a, Zharikov and Milton 2009 ) - F&ip|t £ B 8. d 3> A 4 B TR B 4p
BT RB RSN SEF ARG PR ER YR AT RERL S
GAE KRR I EFERR P AR TR ERESE AR H SR
FRER N ARS FESAL AR E RS FH L & Pl - o

FEVYBA N ARRE D YSRGS B L% 6 R 2 R R
RRALBFTRRE O AL FIMRERALREI IR LAY FRE
fie BRI BRI o

PN
il

Fe
am
F_&
=
=
Sk
13"\3‘
—_t

i B PULAIAR B TR B R e R s

LErEgmE B EPRM - ¥iid AR T 88 FERITITR - B2 AT
kAL S il (TEEHEE < 7 i 20 2 2 (Mitchell etal. 1988) Ap iz T A 5T § el
FEET 2 B3 (BT 11 22 5 5ig 44 22 ) SRl BEERATE - 7 i
E7 B AR s TR DRI o Rogersetal. (2006a) 3 #Fivanis% - H L & ¥
FEREE L PR VA N H e fr AR TR - R A ARG gL F > T
BEA# T - . Zharikov and Milton(2009) si#= 3 @ > L S 3 jEA T B & & (i
frim b %A M R ERP TR > B H L S iR AR E 0561129 22 5 fr A
#2322 Rogersetal. (2006a) % £ 7 « - jaipl § BN S ¥ JEBE B B eny - F &
=7 # [ © & -Zharikov and Milton( 2009 )#7#7 7 2 /& A-5.%) 100 = 2 » $& Rogers

etal. (2006a) #4773 +3F % (502207 )e 2R TRT » BEEFEH D
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BB RET I o ISR FERAAROTAAN 2 R X ) LR R SRS

R RS PFRORFTTOHELZPET RS o

Ab hERpEL T T EA BF&Y 7% £ (Rogersetal 2006b) > 8225 72
Bl LR AT IBAER  RHRBEF R LB DT R F RGN o B

FHABBEFOIEERL T F > 0 305 AP AT FEgy - ko T

LARKIIFEAER LB A TR AL TS B F R

AEAF BT RAGHRA - d ) RBRPIFEH AT AL THEL ERPP

7 4 o

e EHXF BT

ERgotteRgrip i 12> B B 507 388 25 Mgl
“FE o L g1 EF R o Ak AER o ot 5 % o Peters and Otis (2007) A
PR SR HAT AL € Bk B FE - 89 Rogers et al.
Q%%)*%%éﬁﬁpiwﬁﬂ’#EEé%g%%ﬁﬂﬁ@?ﬁ%oipf
®RAS T RY IREST2Z FiER ERAER AL BRI AR F Do
BHAIETRAE RRFIRIOAL TR TR R AR R AFNE
R E R AFARENFERBE FRES CBRRAFTTIRG EME
LEG RBEBREARFE R HROAL CEYRB RN AL TE T
E_A B fc#en- #8735 (Amat and Masero 2004 ) - F]pt 4 ip] 8-9 # % Fif pb F b
MALT 67 EHARI o S PF AL HHES EHG TR
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2 12 RARBABRERK

&iﬁ%( ¥ it ‘/‘E'I’E__%i\:

ah & Ap b
®E BAELR (7)) &P

TZNRAR MR R Y iR 2 Lok d KR FER R R R
et g A ikt b (%)

BR®E  BRRERRESE b 43R G R A
0-33% (1) ~34-67% (2) ~68-100% (3) PRk w] B

R R 28 B AP BRI R T R EARE R R hETEE 5P
B(xe)

v EER A EG T EER 0 A 25 iR
7 (y) =% (n)

A F R Fef et B e R 2 5F iR 1 R
kik (C) =2 (M) Pk ) B
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2 AENBESE o @® ¥ 2011 L0 3

LRt ek A EXEEFEIDETEE L 0

20127 "eh8xBHEP > BEY

e ® R T HabiE® BRI
i R 103 20455 1838 12
28 80 14408 3070 3
W/ 5 30 3280 1893 4
BEis 25 4447 947 5
# %38 21 775 181 5
% 7 19 1182 256 2
299 7% 78 15 936 768 3
LT LTy 15 444 234 3
TR 13 1168 1168 5
= HR 8 10 821 229 11
~ 1178 8 2955 1120 12
< ik 6 1506 1506 4
$% %78 6 185 169 5
5 %38 5 164 131 4
* K38 3 7 50 11
- F E38 2 44 44 11
Xt 2 81 81 5
“T 147 52922 9358 12
S| 36 1334
A 2 50 16725
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03 AEHBNRALEFTAT

AE H S K s S
! 67 16%
2 29 20%
3 14 10
1 18 125
) 9 61
6 5 3%
[ 3 2
8 2 1%
147 100. 00%
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# 4~ 4% Mann-Whitney U test 't $ix & 4~ #8 22 553 71 * 3f g o B 3k AL ik B

BHEE CNp A RIPE A1 * g dic Na 5 B A3

P RE Ak % £ T ra AR N 34
Np Na W D W D W D
ATk 103 350 26222  <0.001 23367 <0.001 13968 <0.001
2% 38 80 350 21044 <0.001 18214 <0.001 11803 0. 029
®pFE 1 36 350 10535 <0.001 7424 0.078 4683 0.011
K2 50 350 13592 <0.001 11596 <0.001 6967 0. 020
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Fo05 I % test v g A B AT ST ¥ Ao A A R R B+ (5
W) o Np 53 AR rie * Rk idic o Na 5 M AR A dic

F o
R A EREF (A=2)  RFEF A=) W EFER (A1)

2 2

Np Na yx° D X D X D

L= Zkspg 103 350 88.03 <0.001 12.99 <0.001 5.07  0.024
2 R% 38 80 350 74.14 <0.001 3. 81 0. 051 8.22  0.004
R 36 350 1.97 0.374 11.08 <0.001 15.79  <0.001
Kp¥ 2 50 350 68.11 <0.001 3.29 0.070  13.96 <0.001
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% 6 L AL EE IR F 2N 2 & i & ¥ % (Hosmer - Lemeshow test)

B% NS G b g A Nos 6 ok i

Model Ni No x° df D
L RSB 102 102 9.31 8 0.32
2 k38 80 80 2. 88 8 0.94
53 | 36 36 4. 09 8 0.85
AT 2 50 50 6. 25 8 0. 62
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o T~ AP A2
TR S A el ol B 2R e
‘E“f”’]ﬁ T2 »fL% °Np &

MBI 2N 2ZRLTIF AR TS S opa N EHR

A2 FTHGY S 0 HATHG 2 R A

% > pp PIEA7H - Autocovariate I p ¥

FohHIE AR NG &

RS IS S
Model Ni No Da Dv
L= ks 102 102 <0. 01 0.10
2R 80 80 <0.01 0.21
H¥ 36 36 0.01 0.11
) 50 50 <0.01 0.35
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2 8 R EAGHEON BT 25 2 %R YRk (GVIF)

PR\ F Ll 30 2R 38 | B 2
P 1.27 1.28 1.19 1.30

B B AEAE 1.13 1.20 1.11 1.17
¥R 1. 27 1.23 1.11 1.22
ERE % 1.02 1.05 1.09 1.04
B8 b BEd 1.14 1.09 1.15 1.17
SR TN 1.02 1.03 1.03 1.06
Autocovariate 1.07 1.00 1.00 1.00
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2L PBEREEORERS R AT LR AT T 2N s Y CAAICS2 2 5t AR 0 ARG~ B 2 TR R T S i d T TNAY
Rd RARR » 5 o R 2 AAIC <2 2 #5818 & #7318 o Akaike weights » # SN 8 3 5 B S8 £ 2 B2 Tioth#k
g g th ¥F Tz AR Auto- " 2 :
s F’ﬁ&%ﬁ 5 e wn nan ﬁi covariate ¥# R°df loglik  AlCc MIC
n TR
1 -0.00073 0.01356  + NA NA 155. 17 0.701 0.71 7 -64.12 142.80 0.00 0.43
2 -0.00077 0.01216  + ¢ NA 4 162. 94 0.68 0.71 8 -63.81 144.37 1.56 0.20
3 -0.00096 0.01250  + NA NA MA 152. 56 0.88 0.70 6 -66.01 144.46 1.65 0.19
4 -0.00076  0.01331  + NA  4.57 ¢+ 153.45  -3.73 0.71 8 -63.86 144.46 1.66 0.19
28
1 NA 0.00818  + NA 48.32 4 1032.31  -47.65 0.65 7 -56.97 128.68 0.00 0.54
2 -0.00032 0.00819  + NA 47.16  + 1033.81  -45.95 0.66 8 -56.60 130.15 1.47 0.26
3 NA0.00721  + 4 49.77 4 1034.12  -49.20 0.66 8 -56.83 130.61 1.93 0.20
H¥
1 -0.00095 0.00903 NA NA 26.73 NA 962.37  -26.11 0.44 5 -35.48 81.87 0.00 0.40
2 -0.00105 0.00773 NA NA 3111 ¢+ 957.41  -30.62 0.46 6 -34.80 82.90 1.03 0.24
3 -0.00094 0.01055 NA  NA NA  NA 933.89  -0.01 0.39 4 -37.26 83.12 1.26 0.21
4 -0.00101 0.00842 NA  + 27.26 NA 960.79  -27.02 0.45 6 -35.28 83.85 1.98 0.15
52
1 NA0.01037  + 4+ 93.03 ¢+ 893.43  -94.63 0.75 8 -27.54 72.68 0.00 0.32
2 NA NA+ 120098 4 864.85 -121.51 0.73 7 -29.13 73.49 0.80 0.22
3 NA0.01313 4+ 4 NA 896.98  -2.61 0.73 7 -29.31 73.85 1.17 0.18
4 NA NO+ o+ 11175 NA 823.52 -112.51 0.71 6 -30.60 74.11 1.43 0.16
5 NA 0.00754 + + 87.76 NA 835.36  -89.33 0.73 7 -29.72 74.67 1.99 0.12
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%010~ ATRA SR ER A TG RHERPL ) ¢

A& TN P R B L 4 dicak 12 Akaike weights 2o 4e 4

M TR B % ficeni N 2 Akaike weights 4 3 o T30 thlich R B # ¥k

% ST 2R H 1 5 2

PHERE  Tond PHERP  TonE PHERE TGk PHERE  THGiK

% 1 2.13 1 I.39 1 1. 42 0.62 117

X Zae LR 0.19 0.06 | 2.42 0.79 1.25 0.82 4. 15
H % - 1 -1.45 1 1,19 0 1 -13.24
H % -3 1 -3.01 1 2.1 0 1 -1

[ G w e 1 -1.08 0. 26 -0.11 1 ~1.46 0

P B AE AR 2 0.81 -0. 78 | -1.67 0.24 0.16 0.72 -0.99
L 0.2 0. 09 0.2 0. 07 0.15 0. 06 1 2.3
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