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Waterbird habitat-selection during winter and spring in reclaimed
coastal wetlands in Nanhui Dongtan, Shanghai
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Abstract: From December 2009 to May 2010 goose and duck (Anatidae) community censuses in winter and
shorebird (Charadriiforms) community censuses in spring were conducted across three types artificial wetlands (urban
lake wetland, restorative wetland, abandoned wetland) along the coast of Nanhui, Shanghai. Correlation analyses were
undertaken between community indices and habitat factors. The results showed there were significant differences in the
density of geese and ducks among the wetlands, but no difference in the number of species. The density of geese and
ducks in the restorative wetland was 3.77 times that of abandoned wetland and 6.03 times that of urban lake wetlands.
The number of species and density of shorebirds in restorative wetlands was 2.88 and 5.70 times that of abandoned
wetlands. We found significant differences in the number and density of shorebird species between restorative and
abandoned wetlands. The number of species density of geese and ducks and the Shannon-Wiener (H') index were
positively correlated with water area. The number of species and H' were negatively correlated with vegetation area. The
number of species, species density and H’ and evenness were negatively correlated with vegetation coverage. H' was
positively correlated with mean water level. The results showed that the number and density of shorebird species were
positively correlated with bare muddy areas. Aquaculture ponds and paddy fields in reclaimed area is efficient sufficient
compensation mechanism to maintain more water areas for waterbirds and to control vegetation expansion and maintain
shorebird habitat after coastal reclamation.
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2R E R EM . AT, KA B G I,
BN T b (U KR FH A5 ) B8 O 1A A A K 1
PRt EOA R, L RENE O B KK S 3R BT
Fr(Acosta et al, 1996; Elphick & Oring, 1998; Lane &
Fujioka, 1998); {HALEWTFEMIINN, BRI K
SAERRRAER, N TR K & AR A A R,
ANAEEUAR AR 1 (Ma et al, 1999, 2004 ; Tourenq et
al, 2001). FFEE| N g AR A3 454
PR, B AE R R A ZE S, AN 0 N T M)
K H R EAE B2 A AR (Ma et al, 2004,
2010).

| B2 AR ¥ T SR AT 2 T 5 sty R
J720(Li et al, 2007; Wu, 1999). Fg L A MR AL KT
g, 2 UL AW BRI 5 B A s & b RIS
—, AR R TR IR Y A T 3 B | T
FXIE(Li et al, 2003; Li et al, 2004). %X 45351
2004, 2005 4E5¢ R TAE, [ B S (1035 50 7
VAR BT A A T A 2R ) N T e (4 v 9 v
M AKPEFRAESE . PSR AT o [ IR T AR
AV — SRR P . 1 2 A i e 1) R S, e KV
B S W S 2 —(Wang & Qian, 1988; Pei et al,
2007), [ B 5 AN A 28 20 1) N T Hhoor 37K 5547 5
(AR T QAT s 7K 0 A 5 e A 355 DR A+ A FE I Ik
PR s AT AEORAP K S A S PR BH R T AR
ML AR REE ARSI RS ST, IS X
PR e

A R TS 248 P o 2 AT A S 706 288 2 i VI AR M Y
by F KK 525 8E(Wang & Qian, 1988; Zhong et
al, 2006; Pei et al, 2007). A il FGICHI RS,
N T 0 S S RIS 788 A () R A, T LA ]
RN TR K SR 0 22 5, Sl AR 55 D51 43 i
S SR ENATAEZE B s ], R A B R
U N A i 0 B K SR AR, O
B2 J5 RV T e ) A R K S OR AP SR R AR A o

1 B RRRETTZE

11 MRHBERRRL

BV A MERT T KT RIS 22 1), b
KL F g R, w0 BTN . L B AR RR O N
30°50'04"~31°06'47", E 121°50'50" ~121°51'40". %
kb F-AL AT F 2k, AR W2 RRAT, SRR AR
W, FEXSIE N 15~16 °C, feri < 37.3 C, ik
U799 Co WEREE 2~3 m, HIATIH, WERE

i, AFEYIREN R 1222.2 mm. % XIEAE 2005 458 K
B TAE, [ B S VR T AR A 3 RN Tt »
BRI SEE 1B R AR . ASHE ST
LAt 3 SR A g x5 (18 1)
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Fig. 1 Location of the study area
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M, A B KHEER AN T,
R W= Ay N T ooE ) = MIBwhn,
BZ4 030 km?, JH B KL 4l 4 7 25 (Phragmites
australis). H.{t K% (Spartina alterniflora)FlJii5= -k
— ¥ H4¥(Solidago canadensis L.), Wi R4 A
)95 = b 45 (Scirpus mariqueter), J& A7 T A i
8 el (R A P S

SRS SR DA S H IR BT T
[ — A2 P A AF I X Sl MR AT T P VAR
A B R ALK YE, AR 3.5 km?, 2009 4EH]5E
JEE S M T TR . DRI S s A R K
AT AR SR IS, FEAN [R) 818 0 M X L 7
KX PR ORISR AR, hip: %
NP R EAKE . P % X AR Rt
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Tab.1 Sampling sites

A5 A Habitat type  #FJ7 Samples

AE45KE R Habitat characteristics

B 1 NLWNA, RAOKRAL 6.2m, “PHKAL 3.5 me JARAIER LA TR, AN TH™E.

ST

Urban lake wetland

FEJ7 2 NI, fR/KAE 1.0 m, FX7KA7 0.4 m.

73 NLWIA, SRR 1.0 m, SP357KAL 0.4 mo AT S
BJis  AAEIERAE MG HACRARKE, KRk, RN .

SR S 6
Restorative wetland a7

NE B AR 36 BPR B AR ST HKT, KA BEZTTAE L, 2R3 MR
NI B3 BRI 25 SR T BB s AR B o A, R A7 B A4k, 3 B aR i o

FI78  KIARWIK, KABERKTIALIE, B3 5.
BeJra PRSI ANKYE, ARALBERERT IR MG, — SR KA.
FEI79 AT THRESRINAPIRDCE, KRB RERTAZ AL, KR 26 S5 A T W Bk ) A1 o

i b
Abandoned wetland FEJ5 10

BEJ7 11 K.

SPAT TSR IHPR DI, A7 BE R R TR Ak, K I 4555
T T EDRPEYCIR A, A7 807 AR 5 T

1.2 #MRAZE
121 BpAMEE BT SMA AR RS 2009 4
12 J]—2010 £ 5 J]. Hr1 2009 4 12 H—2010 4
2 H%Z8, 2010 4 3 H—2010 4F 5 H A #HZE.
MR TER Rt T iR, &R R R 6 ik
(2009 4 12 H 14 H—12 A 19 H; 201041 H 14
—H 1 H 19 H), HFFAFI7HA 7 (2010 4 3
H26H—3H29H; 4 H7TH—4 H12H;4H 21
H—4 H 24 H). A 3 AN[FAT, HBIAEH
2058 (< 10) FIEA 1) B2 3 8% (x32), R AE P B
KRR, FE7 N RIS ol s, il
FEOT AL 3 o B R BE A 3 e R I, Ao 4
(Gallinago solitaria) . J# J& ¥ #E (Gallinago
gallinago). %1 2>k (Gallinago stenura). K ¥bHE
(Gallinago megala)®5 4 /K & 75 £ X 383447 3 A
(Cai & Yuan, 2008), {HJ& T 7EEFAbT b 4 Fpybie
IRAMER ), FEARSCHIX 4 FhybHERE/E ) — A
JCALEE, sk b b HE(Gallinago sp.).
LRI IR IR AR B A, IR B AT R JETS 2R
A ES N A W (R A S R 1, B 7K T T AR
PREEVRMENT R MR AR R RE . FIKAL
NATFHEE 6 Tl RS Ik
JKCTHT TR R Ay AT R 20 A (R 4 /K T T AR, R i v
PR (R CMER T A AT — 2K B (2~10 cm) ik

W, PSR RE T 1% T IR1AE 4~5 fKALIF
WMo ARHE N R TG Sl A R FEE R, AT
ka4 19%: THRD, <L N, .
Mlsh%amnt; 2 9. D, 2~3 N E, o
PlshZmnt; 3 9. K, 5~7 N, Bl
TR, 4 Y FHARK, @i K= AT,
W % . AZ&FF SRR Fa . K
[ T ARLAE 4~9.5 hm? 22 1], F# I ARAE 0~5 hm? 22
(i), MEHE GG JEAE 0~85% 1], “F3J/KAIAE 0.25~
35 mxzal, NATFIMGAAE 1~4 Z[H. HFFEEHT
BRI DG B0« B KR A AE 3~8 hm? 22 ],
RRFR VR MEHIALE 0.5~3 hm? 2 Ji], FE4% HFTE 1~5
hm? 2 1], HiwE o5 BEAE 40%~T70% 7], P31k A1
£ 0.10~0.35 Z [ AN THRGHIAE 1~3 Z [H.

122 FiHmab s 7K S H S G I AR 5
AR 5 e vt s 201 528 B E0 ) LU
5, KT 10%I1 AR HFR, 10%~1% K WLFR, 7
T 1% A WA . W B 2 R PE 4R AR R H
Shannon-Wiener $5%1(H’) (Ludwig & Reynolds, 1988)
W H=-SRING P ARG, P,

i=1
1S A (P34, S IR E . Y5 4R
FrEH Pielou $5%1(J) (Pielou,1969): J=H/Hmax. Hmax
H e KZ RV, Hmax=InS, S AZAE T I SRR L
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BAHRAE T S AT IES AR, AEIES A5
PR H F AR B e . LRI R 7 22 0 Aok LA 3
Kb R F MR, HFEER A%k
PR P 2R S me 2R A 2 . s =Rt M
FHIR 3 R A s 7K S I R AR 5 AR B R IR R
NATFPEHE 7 5K SR RAE R R R AR S H
BT M. JEk SPSS13.0 #HATSE M. SR
T S R 5 8 H50H K 1 3 (H 2 b5 HE 158 (Mean£SE) &
71N, P<0.05 BIIA K 25 5 i 2%

2 # R

21 FMILHRMEFEIGEERESH

KA EMENY R 13 Fl, 28 (Anas falcata).
IRIBHG(A. strepera). FRFHG(A. penelope) A AL #5pt
21 375G (Aythya ferina) . BEMEHE(A. clypeata) 4y L
Fit; SLME(Anser fabalis). %t MY(A. acuta). R

(A. crecca). 1/ M (A. querquedula). %k (A.
platyrhynchos) . & B 1% (A. clypeata) . 1 Fk ¥ 1Y
(Mergus albellus) 7> WA#: KEKHERTS (Melanitta
fusca)fic sk 1 ¥k 1 H(ENE), e ik s,

BRIRETT 11 BA id s BIMENS, #eor B iR HE50
BRo XTHIKTTA . AR AR S IAK
i NAFHEE b AR 1 5 &4 7 S V& R
L 2)HEATHH OG0 i, PS4 R W3k 3.

MERS AP | 3 AN 22 A PR 20 5 W K T i
MU RS 2k, RIS S i B2
PSS M. B, SRR RIS S S bk
EILRTE WiV IPSNE 28 dX LIRSSV SVATE el
K(F 3)o IXLLHIFR W] AT MEMG A T 1% 4% KWK It
T RRRIASE vt 7K A PR AR AT B, [T DA T AR REL A A sy
R i 82 T AR 85

*2 LismilEMEERHHRISERERIE

Tab. 2 Goose and duck community characteristics during winter along Nanhui coast

P ﬁ]‘.ﬁ Densityﬁ(:i)ngd./ hmz) Shfn*j;ﬁi\iﬁer el
Sample Number of species (Mean+SE) (Mean+SE) index(H") Evenness(J)
FEJi 1 2.83%0.79 5.38+2.43 1.4428 0.7415
FEJ5 2 0.330.11 0.23+0.18 0 0
FEJ5 3 0.83%0.40 1.08+1.01 0.7312 0.6656
o7 4 3.17+0.17 17.7845.14 0.8979 0.5011
775 0.38+0.26 0.36+0.31 0.5390 0.7776
756 2.630.63 19.01+4.22 1.4051 0.7220
Fer 7 0.13+0.13 0.05+0.05 0 0
FEJi 8 2.50£0.60 56.19+14.16 1.2411 0.6927
FEJ7 9 0.67%0.33 1.45%1.02 0.78 0.7080
FEJ5 10 0.3320.21 0.20£0.13 0 0

*3 LismlAMEEREEEFISERERFHEXE

Tab.3 Correlation between goose and duck communities and habitat factors in Nanhui coast

RIS XTI WK T T AR LEE ST AR i 5 SPRIKAL NATH
Anatidae Community index Water area \egetation area Vegetation coverage Water lever Human disturbance
Fh3 Species 0.697" -0.693" -0.736" 0.591 0.366
#J% Densities 0.633" -0..612 -0.635" 0.465 0.022
% #EE Shannon-wiener index(H) 0.677" -0..699" -0.772" 0.643" 0.294
Y451 )% Evenness(J) 0.222 —-0..274 —0.652" 0.198 0.385

“P<0.05; "P<0.01 (Bivariate correlations)

DA=Pi N T3 ok S0y, et B LR 3R 22 90 #r
PO A ME MG RPN R B FE R 7 5, 45 R 2A
FoR: SERE S R MENG SR 9 Fhy sl 6
Bty ST 7 b =M S SR 2T
3 75 5 (df=2, F(2,15=0.633, P=0.545) .

JE PG 2R B8 v IR AR YR Ky SE BB SR M > e it

HOS I TR . S0 18 STV S A R A
TRHLIR 3.77 £, AT 6.03 fiF. —iHh
TS R 2 5 B (df=2, Fe, 15=12.055, P=0.001).
ZE RN, S2I0 A5 I 5 I 5 b R 3 1T T
A 5 T 7= 5 B 2% (P<0.001,P=0.001), il 3 it b
R T AT RS S % S 2 AN B3 (P=0.601).



WK 2%

628 3 W ¥

E s A 425

=

320¢ T 1 JETSRWE (density) 120 8
st |1 —o— HERSAFI (species) {15 £

= w

s 10T >— 710 g

¥ 0 : : 0

PR3 RS ) HUFETL et A i

Restorative wetland Abandoned wetland Urban lake wetland

£ ors 125
.:E ST f = BN (density) 120 5
; i L —— [BELASRPS (species) 115 &
2 o 10 \%_“_
- 1F 415

e =

¥ 0 0

Sl i W SRTIT N
Restorative wetland Abandoned wetland Urban lake wetland
Bl 2 mal A M N K S s B

Fig. 2 Number of species and density of waterbirds in
Nanhui coast
A) AEJEMSS, B) HEMEGR.
A) Geese and ducks in winter; B) Shorebirds in spring.
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(Charadrius alexandrinus). 2 # K Ji#%(Himantopus

himantopus). P& (Tringa stagnatilis). VbHE A3
iy 4xMEfY(Charadrius dubius). /M475(Numenius
minutus) %9 #9 (Tringa  erythropus) «  £1 Jiil % (T.
totanus). 7 HI%S(T. nebularia). ##EY(T. glareola).
41 F1 ¥ 9 (Calidris ruficollis) « 2% J& ¥ @8 (C.
acuminata) 4 & WL A % 3@ A 49 (Glareola
maldivarum). kW )1 (Charadrius leschenaltii).
2 [Pk 78 (Limosa limosa) « /K )2 %2 i (Heteroscelus
brevipes). S (Xenus cinereus). [ % (Limicola
falcinellus). % 75/ (Philomachus pugnax). Jx M9
(Recurvirostra avosetta) 4 /> ULFf .

XIS TSRS 6 ANFETT I AR R
(& 45 AR T TR M o AR R, Emk
T SR JE 35 5 1 T b R B v M 1 AR 5 W IR A
K, HHAWAERN 7R REAAHG: ZrEEIREOMY
SRS R AESTR I W E A OG . RISE P BR R M
THIRA K /N 2 B AN S A RN 25 B ) e IR 3R

x4 LEELEMESTRHAMBERERE

Tab. 4 Shorebird community characteristics during spring along Nanhui coast

I

EZEREE R

(MeanzSE) index(H")
FEJ7 5 7.20+0.61 9.16+2.00 1.7946 0.6627
FEJ7 6 2.90+0.46 4.48+0.85 1.1245 0.5118
7 7 4.80+0.87 3.79+1.14 1.8169 0.6709
FEJ7 8 0.40+0.40 0.24+0.24 0.9557 0.8699
FEJ7 10 0.60+0.40 0.14+0.10 1.6511 2.3820
B 11 1.400.24 2.18+0.49 0.60 0.3083

SRS T e st ARl % 8, TR
T M5 PSR M A0 S B 20 B 8 Bl SKEGE R
T M7 730 2K b 2 2 Pl R R M ) 2.28 i (6] 2B)
(t=5.378, df=12, P<0.001). fHfl2%5 B JE e e s
] 5.70 17 (t=4.676, df=12, P=0.001). HIFgIIEN%
TEER 2SS S B 0, DS AR
Ui . 2009 4F 4 H 23 HAEZE 15 MK M e (FF U7 11),
sk F 27 KK 90 SRS &2/ MRS

3 it it

31 MERSRAEIEEE

iR PO 248 A 355 3 R A AT 9 3R W PGS 2R 4
] T- 58270 41i (Zhao et al, 2008); Hua et al (2009)f]
WEFCRI, KT T AR IR K 3t 48K IR 2 40
P HL LR TR 2 BRI AR B SN, A /N IR )

FRAALYE RSN 5 | B 2 SR S v 8 L (R 5
AWFFTEIRR], MR MEA T NS S 1a Tk
£ NHTEAPNGIE Sy VAT BN L) S ER 2 S PN |
A o BERURLA IR PR A B8 o ACHIF ST 10 R e (1 i
BT RN TR AT G2 5 22 1) St [A] o S5
WAE S AEE R BTN AT 30 hm? FAZK T, S H.
N AR R RIER P 255 R, BRI T Rt
URIRL A S 5, P A S 646 52 e JE IS 8 14 20 A
FEf i, SR NEMSIE M T E . ARSI 1B R,
JEEMS SFS e = SR A AE /K T AR, AR L T A
FETT, AR K AR P EL A K B oA AR T, S
I EE FERRAR s TP svedh i ey T4k T I A BIUIRS,
Bt MR (BRI AL, KT W B4R by, RBL
R TT AR« R o 88 e, 7K ST AR/ HL 52 A
SR, ORGSR 1 Ah SN BER N o T W
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1 H T RE A KA Nt R R S 2R b S A 3 2 e 2>
1M HLAEAZE B ARSI, ) ARk T i v 3
U NAAEE N TR R 2, A AESON JE
MEGRATE IR . Ah TR 2 2 i v
I S T 288 e 2 3 P B AR B PR 2
3.2 MEESELIEIRE

KT H R AR BB R, 1 {6 )
T PER AT o5 AR, BREOCMEI A 782, K AL
(142 5% (Davis & Smith, 1998; Ge et al, 2006 ; Tang &
Lu, 2002). JRAKAEERHEES M D RAHEZ X
(Isola et al, 2000; Safran et al, 1997; Taft et al, 2002) .
B ZAH 10 cm BUF F¥ /K S b (Safran et
al, 1997). 1E HARMEVR T, 20000 TR FEAEE — ke
TR BT, VR AL 1) T 2 PR U A AR A o AR
(Jing, 2005). AHFFLLE KK, [EHGIFPAFI %
PIRURETT v BR i e ME I AR 52 B 2 IEAH G B A Ve
TR R /N B SRR SR 2 RN g R R . A
WEFTAI SE T SRR H — 2 B RR e VM T A2 PR
SEERIE A B R 3R, 0T B 5 BN T
M5, AR MR TR B & SOC A R . FI B
Ja b ) A, P HARK AR R T R A
T TR IR & 3, T U A v S MR A il B2 AN
& EAS AR S, P DA B S i N TR S
TSN L ) doe R AR B A2 KT A B BR i e M . 7
AL, BAVRIAMEFE T A, T 7K B £
N GIPNET LT e e

FATMEVR AL 1998 AR sk B S S 28 5 T
>4 13 ind./hm*(Hu & Lu, 2000), i A5 0 5 1
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