;M ¥ ¥ # K" 2011, Dec. 32(6): 631-640 CN 53-1040/Q ISSN 0254-5853
Zoological Research DOI: 10.3724/SP.J.1141.2011.06631

RO A R E LA 7K B8 % 4H AR
=TSN E RS
BAE, X OB, BT
CHp AR R g A MMV ST BT [ SR R T N S W s AR 25 R GE e Sk, Wi & FH 311400)

HEE. 2007 4F 7 F1—2010 4F 11 H, NPT M v B kv 1 45 1 Y 10 PR3 R) s Az G B 3 M4 K EE R 7K K VR HEA T
R, $idsk 9 H 18 B 128 Fh. b, 5 119 Fh, (5 SAY 93%,; 1 K E SRS 2 11 Bl X 13 B
AR 9 MG EA T PSS B IR (B AR A PR R TR AE DG 20 A, PN RBES AT 21 PRI 23 4 ARG, Wi /K 1
ZE B A LIRS AT, S HOEAEE R o 6 ANBYEL, B: 4 A Lfg—5 A9, 7 A TN E—9 A FaI(ik %iE
pemveEd). 2 A NA—3 AT, 10 A Bf—12 A h A (A% S pt mg ). 12 A FA—I4F 2 A h A ()
A5 ATFA—T A (B . FhaIR S /E T PT RE 2 5 M 12 DX ST A 2 1 1 70 S R A b TS IS v 4 Rl ) T
JR DAL, T 12 DX A0 o SV TR 7K B i 13 T R A 3 IR K TR A R e B B R E R R B R R .

KHRIA: TAEK S FPAIAHOGHE; IR
RESES: Q959.7; Q958.13  XEAFREAD: A XEHRS: 0254-5853-(2011)06-0631-10

Community composition, seasonal dynamics and interspecific
correlation of waterbirds in the Qiantangjiang
River estuary and Hangzhou Bay

JIANG Ke-Yi, WU Ming, SHAO Xue-Xin

(Research Institute of Subtropical Forestry, CAF; Wetland Ecosystem Research Station of Hangzhou Bay,
State Forestry Administration, Fuyang 311400 , China)

Abstract: Waterbird surveys were conducted regularly in the Qiantangjiang River estuary and Hangzhou Bay from
July 2007 to November 2011. A total of 128 species (nine orders and 18 families) were recorded, including 119 migrants
which accounted for 93% of the total species; eleven species were listed as National Protected Species. Inter-specific
correlation analysis for 13 shorebird populations and nine duck populations recorded over time found that 21 pairs of
shorebirds and 23 pairs of ducks were correlated. By looking at seasonal dynamics and migration patterns we were able to
divide the migration process into six stages: (1) late July to late September was the migration peak of shorebirds, which
were dominated by Limosa limosa, Calidris ruficollis and Charadrius mongolus. (2) Early October to
mid-December was the migration peak of wintering migrants of shorebirds and ducks, which were the first two large
groups in our study areas. (3) Late December to mid-February was the wintering period of migration waterbirds. (4) Late
February to late March was the peak migration of ducks and the winter migrants of shorebirds dominated by Calidris
alpina. (5) Early April to mid-May was the migration peak of passage migrants such as, Calidris ruficollis, Calidris
acuminate and Limosa limosa but the population size of shorebird winter migrants dominated by Calidris alpine was
still larger than the former. (6) Late May to mid-July was the breeding season of all egrets, summer migrants of gulls and
several species of shorebirds. Our surveys show that interaction among species is possibly an important determinant of
community composition of shorebirds and wintering ducks during the migration season. It may be the geographical
position and community composition of migrant shorebirds across Hangzhou Bay that mean during the northward
migration there are far more shorebirds than during the southward migration.
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BN S AR g Sk 9 H 18
Bl 128 Fh(K 1)o £ 119 Fh, A7 RE01 93.0% (H
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g (Calidris alpina). & 2 Efg(Limosa limosa)
21 3 S (Calidris ruficollis)& 12 Ff, 4 /K FE (AR
PRl AL FE B 409 (Anas falcata) B B 119 (Anas
poecilorhyncha)%s 5 Fir.

IR PN &S 4 MIRTNNE3: P b ] NS S iy
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Tab.1 Waterbirds recorded in Qiantangjiang River estuary and Hangzhou Bay

&t L/ TRIPEER ISP e HMGAL s H A4
Family Species Protection position Maximum number  Observation months
w5k Gaviidae 2% 5 Gavia stellata 1 1~4
MR G. arctica 1 1~3
REFSF} Podicipedidae /MRS Tachybaptus ruficollis 457 1~12
RLHERS Podiceps cristatus 238 8~4
SRS P. nigricollis 27 8~3
FMSES P. auritus il 2 12
f5%5F} Phalacrocoracidae 318 /%5 Phalacrocorax carbo 56 10~4
FEH5FL Pelecanidae 3P4 Pelecanus crispus I1,vU 30 10~3
4%} Ardeidae % Ardea cinerea 171 1~12
W A, purpurea 2 4~5,8~9
%% Ardeola bacchus 5 2,4~10
4-15% Bubulcus ibis 980 3-10
K% Egretta alba” 695 2,4~12
% E.garzetta” 11050 1~12
"H ¥ E. intermedia 551 1~12
T Nycticorax nycticorax 2655 1~12
S Ixobrychus sinensis 80 5~10
ZEZERG 1. cinnamomeus 3 5~9
L7525 1. eurhythmus 5~6,9
ARG 1. flavicollis 6
KIS Botaurus stellaris 4 12~4
2%} Threskiornithidae EE% Platalea leucorodia 11 22 3~5,7,10~1
HIGEES P, minor IT,.EN 5 4~5,8,10~12
%} Ciconiidae ZJ7 i Ciconia boyciana I EN 5 10~1
AL Anatidae /NRHE Cygnus columbianus Il 143 11~2
F%iiE Anser albifrons I 60 3,10~12
/INEE Anser erythropus VU 1 11~12
M Anser fabalis 18 10~2
S FRYY Tadorna tadorna 57 4,911~2
FRERIY T. ferruginea 8 3,12
e Anser cygnoides VU 1 11~12
M Anas acuta 753 6,10,12~3
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4:3% (continued)
e L/ TR EELR R ARG A4
Family Species Protection position Maximum number  Observation months
5%} Anatidae JKJE Anser anser 1 11~12
£ Anas crecca” 2100 8~4
By A. falcate” NT 8550 9~4
4¢3k A platyrhynchos 699 10~4
BEWETY A, poecilorhyncha” 4300 1~12
HJEHS A. querquedula 380 1~5,9~10
RIS A strepera 50 8,10~3
FRHM A, Penelope” 2580 10~3
EEWRIG A, clypeata” 3770 10~4
1EMEM A, Formosa VU 136 11~3
5335 Aythya baeri EN 14 10~3
2138 A, ferina 135 11~3
KNS Afuligula 350 8,10~4
BEEF TS A marila 17 12~3
FIHR7EMS Anyroca NT 1 1,8,11
%% Aix galericulata Il 11 10~12
38 FK 7019 Mergus merganser 36 8,12~2
A EKIPTS M. serrator 2 3,12~1
FRAEFKVPTY M. squamatus I ,EN 3 11
AV Mergellus albellus 23 1,8,12
PR Melanitta fusca 1 1~2
TR Netta rufina 1 26
K23 Clangula hyemalis 2 1~2,8
BASEL Rallidae W MBLAY Rallus aquaticus 1 12~1
‘B TIRY Fulica atra 8759 1~12
HEIKXY Gallinula chloropus 58 1~12
H#XY Gallicrex cinerea 1 9
W My Gallirallus striatus 1 5
A 1755 3% & Amaurornis phoenicurus 1 3,5,10~12
215 5% % Amaurornis akool 1 37
JKHER} Jacanidae 7KHE Hydrophasianus chirurgus 1 5~10
TSR Rostratulidae ¥ Rostratula benghalensis 1 7
f&%} Charadriidae K323 Vanellus cinereus 2 8~9
HkZE3 V. vanellus 24 1,11
KMESIS Charadrius placidus 1 12
FRFif C. alexandrinus” 1666 1~12
4:MEf C. dubius 506 2~5,7~10
Z i C.mongolus 1300 4~5,7~10
BWE VY C. leschenaultii 1470 4~5,7~9
21 C. asiaticus 1 4,6
#J7fis C. veredus 2 9~10
G Pluvialis fulva 660 2~4,8~10
KB Pluvialis squatarola 1006 4~59~2
%} Scolopacidae /NS Numenius minutus I 153 4~5,8~11
HHATS N. phaeopus 1430 4~5,7~2
KK N. madagascariensis VU 167 4,8~10,12~2
FIERIES N. arquata NT 1040 7-2
YRS Limosa limosa” NT 5845 4~5,7~10
B EAYS L. lapponica 81 4~5,9~10
WY Actitis hypoleucos 13 2~5,7~11
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£ 3% (continued)

e L/ TR EELR R ARG A4
Family Species Protection position Maximum number  Observation months
8%l Scolopacidae J# 2V HE Gallinago gallinago 33 8~5
EFRYHE G. stenura 1 3
HIEFLES Tringa ochropus 14 7~4
575 T. erythropus 179 2,4~5,8~12
PR T. stagnatilis 200 1~5,8~11
S T.glareola 38 4~5,7~10
T T. nebularia” 1249 7~5
2L T. tetanus 392 7-5
KiEfS Calidris tenuirostris VU 180 4~57~9
ZLJ5 Y C.s canutus 27 4~5,7~9
4135 C. ruficollis” 3570 1,4~5,7~11
Ay C. alpine” 100000 7~5
RS C. ferruginea 8 459
REIH C. acuminata” 2394 4-5,8~9
KBRS C. subminuta 10 4~5,7~9
P INERAS C. temminckii 5 1,4,7~9,11
— kS C. alba 1 8~10
29 Limnodromus semipalmatus NT 2 4~58~9
K578 L. scolopaceus 1 3~4,10
A5 Arenaria interpres 41 4~57~9
FAMERS Xenus cinereus 257 4~57~11
FEMERS Limicola falcinellus 1 5,8~10
13- BERS Phalaropus lobatus 22 59
K 27 Heteroscelus brevipes 10 48
A Philomachus pugnax 2 10
R)ieucﬁzfrﬁ\%iﬁstridae S Wi Recurvirostra avosetta 10 4~511~2
MK JH79 Himantopus himantopus 155 3~5,7~10
HEfiEl Glareolidae i 34 Glareola maldivarum” 350 4-7,9
B} Laridae WS Larus canus 1 3
TS Larus cachinnans 316 9,11~3
HAHRERY L. vegae 234 8,10~3
IR L. fuscus 1
MRS L. saundersi” VU 704 4~5.8~2
ZTWERS L. ridibundus 528 3,10~1
MR L. crassirostris” 4649 6,8~10,12~3
5K L. relictus I,vu 37 4~5,10,12
il L. ichthyaetus 1 3
— LN Rissa tridactyla 1 11~12
HERSEL Sternidae MK Sterna hirundo 42 48
FIHERS S, albifrons” 698 4~9
Hrer#eRy S, dougallii 9 8
ZIMEERY S, caspia 9 4,10~11
RS EI S Gelochelidon nilotica 74 5,8~10,12
JEF RS Chlidonias hybridus 66 4~5,7~9
[ #7558 Chlidonias leucopterus 32 4~5,8~10
HF19%L Alcedinidae WM Alcedo atthis 4 1~12

AR PR AT A B R A

" Represents a dominant species in the waterbird community of one or more migration stages;

PRITL: 23 AR B K — 0 o fUR P BT A 50

I represents the national first-grade protection of wildlife in China and Il represents the second-grade level of protection;

CR. EN. VU. NT: {5 ER{HIE R IUCN {4474 4% IUCN Red List Categories and Criteria, CR: #%fg(Critically Endangered);
EN: Pife(Endangered); VU: % f&(Vulnerable); NT: iIf&(Near Threatened).
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Monthly dynamics of waterbirds species in Qiantangjiang River estuary and Hangzhou Bay
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11 F13 H, 25ics% 1628, 4892 11348 H, Ko aMERY(C. dubius) 5T 4 FHEEIFR (A EHELLH
3.3 FHEKEZFhE)FE K BT TR B3 EA O, H 5 4 BEH(Pluvialis dominica)

XA R IE VLI P B R ARG R dh R EADG, 5 EE N B3 ARG, 54&HE
B AT TR ARG AT 4 IR R (R 20 & 1L, IS5 ET 5 P R 2 EAH OSSR A
3), BEATPIINECXAAHOCIE 0 AT I 13 RilEs R, 7 I 4 B (AR E) B EA DG, Hh 55
20 0N R IEAR DG, Horp BXAMRE IEADS, A1 b, 2D WA OC, I S NERS A
160 B UG . 5P (Charadrius mongolus). Ko WKL) G P 0 2% A O
BRWE VL iS(C. leuschenaultii). S R BEAS . 20 2y il O FHAGEBEAT T FhIalAH OG04, A 23 X0 5
12 R IS (Calidris acuminate) 2 i) 3414 . 2% 1 AH FEARSE, o 10 X6 A B IEAH S BRI (Anas

Fz2 LBHMBEARHNETHIERRBLEEEERK

Tab. 2 Correlation coefficient matrix of 13 species of shorebirds in Qiantangjiang River estuary and Hangzhou Bay

FURERES RS e IR SHERY S SRR LB 'IIT\I’Jﬁ%E} gy SLOURHS R

N. . ; . . C. C. leschenau . . C. C.
. C.alpina C. dubius " P. fulva L. limosa L ;
arquata nebularia squatarola mongolus -Itii phaeopus ruficollis acuminate
A . 0.290 —-0.259 0.462 0.109 -0.353 -0.179 -0.281 0.034 0.319 -0.119 -0.247 -0.500
C. alexandrinus
7
FIRAI 0.036 -0.239 0.352 -0.007 —-0.093 -0.234 -0.224 0171 -0.147 —-0.263 -0.219
N. arquata
== (7
LG . -0.252 0.014 0.606*  0.717** 0.499 0.209 0.084 0.582*  0.761**  0.672*
T. nebularia
A g
“"HE’%%Q 0.298 -0.200 —-0.399 —-0.304 0.194 0.081 -0.325 —-0.283 -0.367
C. alpine
JRH 0434 0394 0258 -0.626* 0011 0480 -0280  —0.219
P. squatarola
S HE
jzmzﬂﬂ? 0.664* 0.600*  0.788**  0.288 0.668* 0.562 0.602*
C. dubius
25yl
il 0.841**  0.408 0434  0.968** 0.921**  0.868**
C. mongolus
Ak IHE
BRI " 0.404 0.500 0.857**  0.776**  0.858**
C. leschenaultii
SR 0.241 0.516 0.302 0.229
P. fulva
R 0.501 0.334 0.419
N. phaeopus
“"Eﬂiﬁlg 0.906**  0.830**
L. limosa
AR b -
C. ruficollis 0.883

*P<0.05, **P<0.01 (Spearman correlation).

F*3 BHMSAMETUREXRAN R BEHIER
Tab. 3 Correlation coefficient matrix of eight species of duck in Qiantangjiang River estuary and Hangzhou Bay

25y By ESAE] BEMEY EEWINY Ry KRN EVELE
A.crecca A.falcata A.platyrhynchos  A. poecilorhyncha A.clypeata A.penelope A.fuligula A.querquedula

21 A. acuta 0.597* 0.857** 0.665* 0.660* 0.545 0.857** 0.674* —-0.070
2R3N A, crecca 0.717** 0.684* 0.674* 0.801** 0.672* 0.688* 0.315
DL A. falcate 0.43 0.756** 0.722** 0.864** 0.669* 0.229
23k A. platyrhynchos 0.499 0.529 0.571 0.588* —0.051
BEWENG A. poecilorhyncha 0.699* 0.920** 0.928** —0.051
EEWENG A, clypeata 0.673* 0.584* 0.254
JR3TY A. Penelope 0.894** -0.162
KM A, fuligula —0.246

*P<0.05, **P<0.01 (Spearman correlation).
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acuta) M EEME TS (A, clypeata) 2 7] G 5 25 AH < 1tk 41,
LMY (A, crecca). FAUMG . BEWETY . IR0 (A.
penelope). K LMY (Aythya fuligula). 412 TS5 EE
WY 2 ) 3 R S E A OC . %% Sk T (Anas
platyrhynchos){X 5 KK . B R8T M 4 s 2 )
BFEIEM. 1 AJEM(A. querquedula) 5 g T—
eSS TP RTEY PRI

4 g

4.1 FEMEXMESKETEESN

WSS R R, TERUMNE SR F I
AR, Z R E T 7 MRS 5
Fh(ELFE R R IEEE . LLHUERY . RRBIEAS . S5
HUERIE YA79) 2 1) LB P 25 IR AR oG, R W] EAT)
AT AE R AL AR R Y, T FIES AN DA S5 AT 5 &
Z ]S SR B X P B MR . X T
RIS 20174 3 P AR L Lk 5 Fh
2 25 S A A SRR & A ke 1 ) AT A K
e, HOTAER R AE 7 I FH—9 A N (KR
TN A 3 T H—5 Hrpfy(BEZ=Ibd ). 25
H IR A 7 AT PO 75 708 2 2o I i ) 389 16 Yl =85 AH Sk
RUIBPERS . CEAES . KDY T A S A
2 I AR AT RE AN o HERS. 5 Y
Y155 1 5 Bk & 2H BRI AR 8 25 AH SRR S5 R i) 4 Fh
BFEIEAR, RIILAA S EE RO AER . E
ARLAHIT I KPS 5 4 A W 3% SAAHOR, WO (RIE
PERC P REMUAAH S o TPAE . ARG RIRR
FSMIASUE 52 570 BT HoAth 13 Fhisadse e w1y
To R EAH A, 2R W] AT A ST AT AE T

MAEIZ X A R G SR, 5 AL 4
FhREANy . BOng . BEMETS . EEMEIG R /RIS A K
SR 2 (AR T R B IEAH R, BRI 5T 5
FRRGSE ) 4 T (AN ELAR EEME S ar 1 A ) e 2% 1F
AR, A E AN 5 TS 2R 06 AR P (RR 3). X
R MG T AE B AR B —, K2 EMIEHM 10
J EAITFE R AE RN, I TIREE 4 J
H Ay AT B .

A0 M 2 2R P KR 7 A 7K 5% 3T At T
— N FE ) o e B (Barter, 2002), TR R 5
R FH AT BE & B0 M S AE /K S5 BE R T L) — AN 2L
KB T o SRR TP AR RN 5 TR Y S S
iF 3 (Mikko & Jukka, 2002; Robert et al, 2003;
Sebastian-Gonzalez et al, 2010), {H Mikko et al(1999)

WA, PRI AR F AT REAN AR A 8] 58 4 2 B IR IR A
A TRFA e Bt s 5 e 1 2 rh R {5 R I B
2K 22 2 — (Hicklin & Smith, 1979; Wilson,
1990). H A RIFIRI, PTG IEA BN
TEHSTE H 528 (T A USRI £ i 3 25 ) R PR 22
At M 5 )t K 2R JE O 2 40 Ly e T 1) 8 S8 RN 44 K
ZROMN I A AEZE T W) 2= AN B (L et al,
2007), B ARMERIIT TS5 5 2L Jing, 2005) .
BB R B (E 2), BUNESEES K &1
HINEEN SRS A 10 7R AL, KW
FRIZ SN, B 0 B ot AR TS 2k
Wi ) B FR M Y, DRI A 28 DR B i LB PR A
R ] ) 58 e b TR B K P o 12 B4 (12
—IAE 2 1) RS R VR A Y RIS T/ EEIT
HEZETT (B 2), 2 BH L (1) RS S B V& 00 A T AH AT
FREPRAS, FoRh )38 4 K P ] BREAIG

TR A AR BE T K, AR T B AN [ R (1) 7
TE AR B AE R VF O WS, M BE B BT S 1 — N 4R b
(Mikko & Jukka, 2002; Jukka & Robert, 2008;
Hromada et al, 2008). XX} Wi $1)ik BhE h ()3T 4E
2 5k i B 4 T 22 (Robert et al, 2003; Jukka &
Robert, 2008; Hromada et al, 2008; Jukka et al,
2009) . X TR B e AT Db R T H A PR, T
B S H IS 5 RS Dl R LR B 2%
# (Sebastian-Gonzalez et al, 2010) . Ff ]I 5 [ 15 7]
WA, ZWFRN R T AR BRI PR P &
A (Mikko et al, 1990). ABFFL RS, 7 #1554y
BT R 5 H I 6 P s i X 3l S i e 1
15 o HEE 78 Bl A4 % 7 TS 0l 25 B A DG 1T 5 Rk &
a8 10 A S 25 R DA T () A P R 1 o ) 4 fid mT g
IR T — 7 e S Wl oy — 7 i A B 4 B T e 4
CHEL (R AF 58 T, g 2k T ] ) AR 8 SR (B X
TR0 B £ AR ), [l s g N A e 1) 1 5 4
A LB EERETHE . Recher(1966) 1A k3T HEMS 7Y
AR T AT 0 ol ) 22 S R I 285 10 S FRE AR 10 415 A
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AIAETRATHIREFT S e, BB AH ORI ) 5 Al
T B [y A2 AN R, T e K S R 7 G
(Brown & Wilson, 1956), A~[Fl K Sk )ik
FEI 53 4k(Wang & Qian, 1988).
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AR A AT 35 B e R 30T 17K S5 4 b J B & 0T
PESNA(E 1. B 2T T4 IR, A K & ik
AT AT 32 6 AN B

HBrBON 7 AT HITR—9 A, 1Tk
I HILAE 8 A, X BT A K S )
PRJE LU RIS . £LSs M 58 b A L i i
B RIR S . ez B, B8 H 158 S E A T %
B, 8 H A KRS S 5, SR IR B
U, 9 H AR E A S RS, MR H A
MBI EER N 7 N ITG—8 HRLZET
BIAFEC DL AHENS Sy T A T S 2 B 1 K RS I g
K (Gelochelidon nilotica) Jf 4 R 3L, [A] B LA PG AFHF
ARG (Larus vegae) il BRI IS A 3= A4 1 Ak & T 4h
T kElA.

BB BON 10 H Efj—12 A, iKY
FEVR DLAie 5 RS S R FIERS 2 0 20 X — P B )
EES AR LR IR EERS 0 F A . M 10 H EAJIF
U, RIS RERESE Rk, 11 H ARV 2
BB —ANNEE, JEE 12 A a) AR FR e .
ML EAITER, KK S s ie H i BRI R . A
. MM RRS . E(Anser fabalis) LA & 9
B H A M 5555 fi 20T k. 11 THy, BLRR
K (Larus crassirostris) Jk fIt i 1 Y 248 A& i A4
BEIE R T A R R .
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al, 2002b). HEFEHFINN, HFRMESIIT M S 65
I TR R BRIE T S W R MR A T 2R
IEAE S 2 b )RR R BT (Ma et al, 2002b). A7)
(R FUGs 5 2R ARL, BT B ER VLI 17K 5 K
FILAHE R B E R ZE ok B T X R
TR Hb BEAS R 7K S BEVR AL e XS AR ZRIT AT 1T )
IKEGBEEN AT R TR, N 10 H FaIFiR—
JAF 3 A B4y, PRI R A R S AR
MR B YR 80% LA |, IEAE 3 H )ik
98%, MGl 4—5 H, EARILMEEECEIT M R,
A4 REAE B HUT) 60% LA |0 DA HFTT R IR T
IR T B I VR TG 25 SR X — R A7 (1 B B AR Bk
X, Wrilg AL EBA B A, R AR, W]
RE L4 YRR ]y S0 v v 1 A 5 R D 4 A B
2 Hii(Warnock et al, 2004). £7 T K T-VE DU 4%
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