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Diversity of bird communities in southern Hangzhou Bay and the Qian-
tang River estuary and their responses to reclamation of intertidal mud-
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Abstract: Bird communities were surveyed in southern Hangzhou Bay and the Qiantang River estuary from
November 2008 to September 2011. A total of 220 bird species belonging to 16 orders and 52 families were
recorded, of which, 173 (78.6%) were migrants and 24 were listed as state key protected wildlife grade I or
II. The composition and diversity of bird communities in eight habitat types were compared using the G-F
index and the Jaccard index. Ninety-five species (43.2%) were observed in the ponds located in Cixi Wetland
Centre with common reed (Phragmites australis) marshes, 93 species (42.3%) in the coastal woodland, and
78 species (35.5%) in intertidal mudflats and coastal reservoirs. About 82.5% of the Charadriiformes species
were recorded in intertidal mudflats; 69.2% of the Anatidae species in coastal reservoirs, and 73.4% of the
Passeriformes species in the coastal woodland which provides the breeding habitat for the Ardeidae birds.
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Compared with intertidal mudflats, the highest value of the Jaccard index was obtained for bird communities
in the newly reclaimed but undeveloped areas (0.56), followed by coastal reservoirs (0.34) and ponds located
in Cixi Wetland Centre with common reed marshes (0.30). For the whole bird community, the highest value
of G-F index was obtained in coastal reservoirs and coastal woodland, whereas the lowest value was recorded
in the intertidal mudflats. However, newly reclaimed but undeveloped sites had the highest value of G-F in-
dex for the waterbird community, followed by coastal reservoirs and intertidal mudflats. Our results indicate
that suitable habitat availability and human disturbance are the main factors influencing the spatial distribu-
tion of bird communities in the Hangzhou Bay and the Qiantang River estuary. The most serious human dis-
turbance in this region was found to be coastal reclamation. Thus, diversity of local avian communities in the
Hangzhou Bay and the Qiantang River estuary could increase if moderate-intensity reclamation and reason-
able land use patterns were practiced. Moderate-intensity reclamation is the mode that maintains an intertidal
wetland containing a sufficient width of mudflat and upper intertidal zone as well as other important habitat
variables for shorebirds and other birds. Local governments should take action to protect the natural wetlands
while using them reasonably and efficiently. It is necessary to maintain several main high-tide roosting sites
with sufficient areas for shorebirds and other waterbirds. Some appropriate management measures such as
controlling water level in newly reclaimed but undeveloped areas should be carried out to increase the avail-
ability of suitable habitat for waterbirds. A variety of artificial wetlands should also be constructed to provide

potential habitats for waterbirds and other birds after large scale coastal reclamation.
Key words: bird community, distribution, reclamation, wetland use pattern, Hangzhou Bay
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Fig. 1 Location of the study site. IM, Intertidal mudflats;
SPO, Shrimp ponds with common reed (Phragmites australis)
marshes outside the seawall; NR, Newly reclaimed but unde-
veloped areas; Er, The ecotone whose vegetation community is
mostly composed of Tamarix chinensis, Phragmites australis
and Imperata cylindrica, and common reed marshes is in a
donimant position; SPI, Shrimp ponds in reclamation area; Pr,
Ponds with common reed (Phragmites australis) marshes; CR,
Coastal reservoirs; CW, Coastal woodland.
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5.86x10% ha (WL L5, 2002). 725 A K/ Byl
6941, EUGHHE R B A WITIAAE . PR AR
A WERZK258.49 km, A THFE N . =
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P FE BRI B B S N AT 3 B3 1) A B A 4
T [ BRI L PRI L R K PR R AR,
FEALTH RIS kmiuH K .

(1) BARWAE] Y, B 98 4b9 kmAcAy, 78 AN
500 m/cAy, DMRMEEREOGMER T2, BRAE AR A0
(R o X D, SR T 2R DU A K 2
DAY 2 R kA2 Ak TR R X el % 2R 2 R H Tl 5
Ff A, Wl B B 32N AR T, AT IR
kmx1 km, FfrifEEE2 kmEd b
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Table 1 Common bird species and similarity coefficients among different habitat types in southern Hangzhou Bay and the Qiantang

River estuary

W AE-URE HREWEX R R PR K TRIK At

M SPO NR Er SPI Pr CR CW
A M 78 27(0.22) 54(0.56) 11(0.08) 29(0.25) 40(0.30) 40(0.34) 12(0.08)
P ARE SPO 71 26(0.22) 45(0.48) 47(0.51) 57(0.52) 31(0.26) 34(0.26)
Fi ¥R X NR 72 16(0.13) 29(0.26) 41(0.33) 42(0.39) 15(0.10)
PR X Br 67 41(0.43) 44(0.37) 21(0.17) 48(0.43)
FH B X R SE SPI 69 51(0.45) 30(0.26) 37(0.30)
P KYE Pr 95 42(0.32) 42(0.29)
HRR/KPE CR 78 21(0.14)

it cw 93

AB S XS K1, The meaning of each habitat type refer to Fig. 1.
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Table 2 Diversity of bird community in eight habitat types in southern Hangzhou Bay and the Qiantang River estuary

B ISELY/E ikt G-Fi 4K K G-FHHK JEK S G-FHHK
Total species Waterbird species G-F index Waterbird G-F G-F index except
number number index waterbirds
AT IM 78 72 0.516 0.530 0
PR SPO 71 33 0.625 0.449 0.294
[l B X NR 72 69 0.581 0.588 0
FEEACEEIX Er 67 17 0.605 0.255 0.431
[l B IXUFSE SPI 69 33 0.637 0.459 0.361
K Pr 95 54 0.637 0.471 0317
HHR/KE CR 78 58 0.643 0.558 0.063
Mt cw 93 17 0.644 0.285 0.498

A5 XS 1. The meaning of each habitat type refer to Fig. 1.

b o An e B R X, D B o A AR R K A
AR BSEH WIEH SRS MEZ AT
AR, E AR O A AR L SRR H S
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arctica) B /R HILAEIFERIK FEE o
3.3 YIFhE A

X AN (7] A2 55 1) 5 ST v AL R AR AR AT L
AR EIRER), 5 A AREIA Y A FRORAH U R
Hdwe e 1R 8 L BRAF R IX, JLAT Fp Ay 54, AR 5
H00.56; FH R AR K ZEFN = 25K I, ARy
N40Fh, AR R E 931 240.34710.30., [ B B X
SRR PR KR B AR AR, AHA
PEREIT 0 0.3910.33; 7 M L PR AT X
] B2 DX R P = K AR A 58 2 o)t AT 3R 1
LA PP ERAUE R 5

TEEUR BRI I VR 7K P 7 1 2R ¥ G-F 4R Hldee =
ARG 2R A (22), FLA P25 7K I A B X AR 3,
H AR H) 5 (1 G-FHa £l (k. BB B K S 8
SR, R X I G-FHa B i, HOh iR
IKEE B FV AR TB) T, 25 A8 5 DX LR AR L ) 7K
V& G-FIa 8O K . WG iRpRth P35 A DRI
B DCHRYE K S G-Fa BUH R =

4 itig

4.1 BZE3RE BRI N 32
KEMFERMY, B PTR H % (Burton et al.,
2006; Finn et al., 2008; Kraan et al., 2009; Gan et al.,

2009)F1 N\ A3t (Convertino et al., 2011)52 %M1 &
F ) A EE R R . ATV S LB R, 18
TEH 538 F 250 An e H AR TR A, R 5 R [ A
(1988)~ Ly K 445 (Ma et al., 2009) T4 2 WA 45 ]
FE B R o AR TR O () 08 B R0 S R 1S 2K 4 A
(Pluvialis fulva)~ Ki4(P. squatarola) FJ5J5. 2
JPEAY (Limosa limosa)~ NIE#Y(Calidris tenuirostris)~
LINEIERS(C. canutus) KRS}, MG R 42K 5 B0 A
TEXFIAESE . Btz b, —Se KT RS SR 46 /N R
¥8(Cygnus columbianus) 1ENfE(Anser albifrons)-
NEABEA. erythropus)s P9IE(A. cygnoides)~ KIE
(A. anser)~ W ME(A. fabalis) ¥ & 5K 1Y (Tadorna
tadorna) 3 B4y AR AE HARE R A7, W VT A2 TiX
L6 19, IS g L 1A — A BE R (BT AR AE, 1995).

A R By i =R T 30K R A s
K Sk N B B X o T AR B KR DG
WL T I R K D A IR A B B, AR
A L a3 P, RN A RESRSE  exs
KRR TTAES. RBIGEE ., QS KA aHt
TR, A& T oA e A R A

BB F B B2 PR G () PR s R e R, TSR
() K B R R, DA SR Ta) oy 3] R By B
DX 21 H AR5 42 7 3 AT R X PR R R AR, BTk
S35, T RRURH AR PR 92 SR B 5 B () 38, 1 s B
EHSAE AT IR R SFh o 55 BLIRIIN, Bl PR B2 DX M
VR SR A 55 B B3 I, AR SRV e 321
H AR B a7 2P 25 HEN, TR H 55 2R 10 W M
b TAETE B SR SR g 0, BT
AYAE R T RBHEE Y RS SR, R
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AR R RE BORFAERE S TR AR 5 AT
B, RO IS LA . AR A
TUCNZL (A4 5k SR KR . 78 HAS7E (Parad-
oxornis heudei)ffi LA AE A7 IR A5

IR S I R R B, KR A
(Egretta garzetta)~ f 15 % (Bubulcus ibis)~ W%
(Nycticorax nycticorax) % /b 15 [¥) 111 (Ardeola bac-
chus) < ' 1% (Mesophoyx intermedia) < KN [1%
(Egretta alba){E ML ETE o AABUADNBOR K2 TE
H 525 K S %5 (Coracina melaschistos)~ ERLHE
W(Oriolus chinensis)~ W JH(Garrulax canorus). %
H9(Pica pica) i %2R, 192K, BERE MR,
HEAERE DL S BB 8 2855 T 2L A (R R .

N T AR S0 T X 5 R 2 AR Ay
AR (T4, 2009; Ma et al., 2009). X K% 5L
EEEERUE, [ Bbd AR R N g A A Ay v ] 390
A5 T = B0 & 1 e O AR A A A2, 2002; Ma er
al., 2004). KREMFFR, K RZIK A EH
I FH 1) 55 22K 1 (Colwell & Taft, 2000; J¥7& £ 1
Blifafi, 2002; 755, 2009). FEAEMIS-10 H 2B
VSV I DX IO I 1) AR, TR SR AN A -
IR I R Py 110 [ B DX 3 120 8 n R 24 R 2
RKALCRT0.5 m), IXANISHHANE S 45 .
P K X BAR AR BOR T A K /N 170.3 mif)
BRI, ABATY R Gk Z i, T OB BT ) g 22
AN DRI A AR FE A B (R IK AL o MRV K B ZKIR IR 3
mbh b, E AR R KA, AR TR T
S 3G 47 R0 P2 G U T 7 1) A A KR
DL i K AR e M, RERE IR KA A S8 /K S 71
U ROR ARG T 00 f . DRI, PSR PR R DX AR I
TRV 7K 33K 28 N T3 M A Ay % 708 248 vy £
VR 2 AR IRAE A 2

B ON T b A B B0 N O T AR 8 0 5 2 11
2% [8] 43 A HLA B0 52 (Quan et al., 2002; 1414
5, 2007; HETHEE, 2009). ASHIESTH R AR
PR B DX URHE 5 35 /K H RO R 7K P 340 2 E M2 7
IR E Sz B, BT P 5 S8 0 s B3RS 38, iy
KRR K B 3 i d sk 3 7 14811 8% . IX 1] fig
iR A B KR AR . K RRAER A A
THOBRBERL KA O, P35 7K b T 5 0 IR 11 7K T
IR G e e B T 28 i b0 2 31 1RO
B DR, TS 2 4530 85 32 S 8 TP o 4

IS, R ZE I 3 HAT I e R K T oD T &3
S B DX 3N 2RO HERS S B IR 5 o R
K PZEAC 55 PR ) A A 455 ] X 12 B AR 4P 1 T AR R b
MRS 25, 2010) TIZLEE R AR IR/ REE M ZIA
TUCNZZ il 44 % AL I 1S (Anas formosa)~ % 815556
T, FCABIS A 5 S8 [ ST o S OR A 1) RE G B8
FE ¥ . i WRS(Podiceps auritus) ~ %% (Pandion
haliaetus)~ i (Falco peregrinus)F %) NIUCNZL 4,
24 )RR N K RIS 1 L 2Ty B A58 R

Fil R DX R 3 JLF- ek, A TFHRECR, Bl
FFAYAEBTESAE R T R RS SRR A
Yt o 55 [ R DXRYE AR OK AR EL, P 25—
PR KRR o S, KO 25 R AR A7 (1Y)
WEN S I IX PRI AR, JE I 2 R I P
KIS o TR KO AR B G SN P 5 HE M
M5, Y H SR EMN BN FE, idxiE
FKUPE SRS REESE . I (Buteo
buteo)~ L% (Falco tinnunculus) R J7 %55 (Tito
longimembris), IUCNZL 4 4 5% ¥ 75 LAY . T8 |
B KAIEY(Numenius madagascariensis) 222
JPS SR B R . H AR (Coturnix japonica)5s .
42 EERXNXIESEEES RN

Fil B2 H AR B NS 1 2R Bl 2 52 Wi B R A
HFPES) . —J7 i, B R SUX e 2R R
W2 FEVE AR (B H AR5, 2005b; Ge et al., 2007).
B SN TE B R ) T AR SR T B, AR A
SR 52 B (R B, 2004) o A6 1 AR ) ) i A 20 B
IR B 2R R B F T 0 A B B U TR AN BT O
T R BR D H H RAE KA U] Al A
WA IR R, S EUE RS SEAE B SR R A 56 B A 45K
RIS T 4 e, <3 vl A i P I ) 3 m, AN
HABT T Re G4 dbaoh, BRI AT 3
WUE 0 N 3% 3l B Al A5 AT A R 5% ma A 5 28 55 /K 1
(18 2% 1) 73 A FH X 355 N Fioite £ i (Barter et al., 1997,
Ma et al., 1998; # HfH%%, 2005b; #5255, 2007).

371, A B B S R 7 AU RR S DX e 5 2R
ZREE R RFERRI I VE R . AR B R L3 bt M
T35 DA A0 BRI L T R (AR AR, 2007), HA
A 77 A Q3E T R ACR B2 FEAGI AN TR
I, AR E MR L IRAN T A RO IR RS DR ) e
WU EHAS G, HOWUEEs . S s MR K Sy
FRAE T H AR TR A BT AN B B S AR
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LR PR, Dy TATR AR BN JE AR A
SR IR) T 1R B I EE, N 5o 12 DX METR BT
(VS/ARSIIE R32 i1V E R det 37 §e 1 SUR EL EIVARS g P <t}
A B R TR 1) Lt S50 v P e ) 5 it ()
VI F XN TR R G E I A B, st
B P DX —Rp R N TR M R /R A B, e e
i LRI B DRI L K A, LA K S
JUHCIE WG 2 s 7K T 4 A1 T 2110 v ] 5 kA
KB, LR SN TR R ST
PR KYE, AR EREA S AT H AR K
OGRS IR SR 2RI
e I AEBESR Z —, JAR A AF 1) 2 oA 5
(KRS BT AN K B3 S (K BRI B, 6 XS 2R

RO B B A AR .
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Distribution of avian species in Southern Hangzhou Bay and the Qiantang River estuary.
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