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Abstract: Waterbirds are important indicators of wetland habitat quality. The riparian zones of shallow river-connected lakes
provide the complex and diverse habitats and rich food resources for waterbirds, especially wintering waterbirds.
Hydrological rhythms determine the richness and availability of the food resources for wintering waterbirds. Under the

extreme flood pulse, the influence of habitat changes in the riparian zone on the structure and diversity of the wintering
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waterbird community is a noteworthy problem of waterbirds and wetlands. In this study, we chose Shengjin Lake with typical
riparian habitats as research area, surveyed the number and species of waterbirds in 2019 (normal water level ) and 2020
(abnormal water level) , and analyzed the effects of habitat changes on the community structure of wintering waterbirds in
the riparian zone. A total of 50984.20+9595.71 (n =15) waterbirds were counted during winter of 2019, belonging to 7
orders, 13 families, and 51 species, whereas only 27923.00+13808.47 (n=5) waterbirds were recorded in 2020, belonging
to 7 orders, 12 families, and 53 species. In the whole winter, the species diversity of waterbirds increased slightly but the
number decreased in the riparian zone. In 2019, the dominant species of swimming birds were Anser fabalis. In 2020, the
dominant species of swimming birds increased to Anser fabalis and Anas poecilorhyncha. But the dominant species of wading
birds changed from Platalea leucorodia, Recurvirosira avosetta and Vanellus vanellus, to Ardea cinerea, Egretta alba and
Recurvirostra avosetta. The decrease of habitat area in the vegetation-water mixed area caused by flooding negatively
impacted wet plant populations, which might be an important reason for the significant decrease in grass forager number
(mainly Anser fabalis). Due to the delayed lake water recession, the area of bare mudflats has decreased significantly,
which might lead to a decrease in the number of invertebrate foragers. Water level raise and water area increase in the
riparian zone increased the difficulty of predation by fish foragers, resulting in the number of them drops sharply. The lack
of habitats providing plant seeds significantly reduced the number of Anas poecilorhyncha and Anas crecca. The habitats
suitable for the submerged plants decreased, directly affecting the distribution of tuber foragers, resulting in their number
reduction. The study results are helpful to understand the health status of the ecosystem in the riparian zone at Shengjin

Lake, and provide basic data for the protection of wintering waterbirds and wetland management.
Key Words: wintering waterbird ; habitat; foraging group; riparian zone; spatial distribution; Shengjin Lake

IK Bt A 28 R e EE R 2 RS A7, A BB e B SR N B R R P O o BEURR Pk
P A S A 5 R (Y TR R MR I T Y R K AR 5 i 22 ] 4 A8 A e YA, G A 1
T R G W) IS e A A A5 R DA BOK SR Z PR v O iR B 4y B AR AR ¥R KGE TR 7K SC
ARSI ORI FE E BT RARE TR A B 2R AR A R R ROIR K SRR R
K S HE G b WIVEE VR X T AN AR A AL T BURR 1 2 R AL 2 R BUH TR T N Y
AR A AR (kS IREEY R R ) TR e T T AR BRI RR S S BUR i sh A AR Tk, e
Uit AKAVERR WA S 5 7K SOV AT R AT 7 i A 35 A8 Al RTBR A< 7K S BV 45 4 S AR g e & — M
(ES SER 0P CREMT: RSk 3= FIF-1

Fh & A TV H U, Sk APE KR W4 R AGE VLA , Boa A vy . PRk Scas b, A
KSR T ER AR ARSI A AR AL AT B, T4 03 J5 4 14 AR B oA
o7 b 2 A AR 5 o W Sk R B R K T B R T VR TP A S AR KA TR R K X2 ok
5 ( Grus monacha) ./NKIE ( Cygnus columbianus ) %5 7K 5 o £ 16 3l A AE v X 48 55 17 50 80 Ay e 5 42 3L 08 2 3%
JIEES) s R IK DX 2 RS RS A 0 e O e RO TR K TR A X ST KA D82 it 88 18 DK/, b 3 5 s P A 35 7 A S T
TR BE B2 M, UK ASE 30 IR A AR EL K A7 0 e /N i EL AT S I e R O o ) 9 v R I, I
X3 A R AR 7 5 0 DRI B 9 7K SC AR M S R W T T Y 17 A 2 2R 0 Mt B ) T LA i, th S 4
FEK S 3E AR AT AR

2020 4F B FKITH & A T SRR A I B[R ) 22 AF S B8 I 309, T 4 1 B4 2K A i v 1k #
16.99 m (2020 4F-8 A 3 H , By i /KAL) , b 2019 4R K07 LT T 2.49 m, B T RKA 2, FH AWK A
HEEAE RS i 2 X — 5% MK SO AR TS A TR Aok THE KIMAR L W TR 2R %
I TR S R IR A K S AU S — AN RO PRAR P DI T R T A T v A K S R
W R b 2 48 A 7K 5 B AR AR A O () e 5 B TR AR T 7 A B AR A X 7K S BV 451 ()5 i, LS SR B

http ; //www.ecologica.cn



18 1 RS A B RS T WA v AR S A A XA K S B v A I R 7733

K B B AR LR i

AAWTFEIE i B AN A SR T B R 5 AR AR S AV TR B4 i B A K SRR, IS T A K
B {23 ) A M SRy RETS ZREPE IR AR AT B4, i — PR ST Pl AR SRR A XK S R T 2k R 241
AP LE P AIRZME . AT ) T8 75 A TR 5 X6 BRI PR A2 A1 A i 1o R A 253 ALY, 5 ELAT BT B T
ST LSRG R RER DL, A 7K S 4 R R b 1) 8 B LR Bk

1 #MRERE

1.1 BFREIXHEA

F 41 (116°55'—117°15'E,30°15'—30°30"N) s& K V147 B2 K A R AR KB VLA , 7 T2 oM T
BN (ELL) o X BYHIE 24 51 TR FI K G B 7 a0 44380 43S = 53 B, i A s i, R Ee sk
BRIAER K BT A A rP I 07K 28 T N B 2 ) O A UL 3%l DX S R D A, AR ROR A
16.1°C 1 H PSRN 4.0C, AEAZE, IR T 0°C i REE D A /D i 45 vKini o4 vk 0, 48
SEHRERR A 1600 mm , & F=FERR /D BAEE SR\ H WA A7k R 7K 8 T B, & ZR0E 12 A #E AR
IKI  IRAAERAE R 4 IS Bk, A=A K AL BLAR , #R s H R TR AR A MEDR | Bl A 5 2 A1k R A A 2 T8
BRI A A 9 A BE KR Y, Q0% 35 ( Phragmites australis ) 3K ( Zizania latifolia ) F175 3 ( Typha
orientalis ) ; 777K ¥ 9% 135 22 ( Trapa bispinosa ) F17K ( Euryale ferox ) ; T 7K Fi 8% 3 B 41 35 ] 97 B ( Vallisneria
natans) 5 3RHR 732 ( Potamogeton wrightii) B3 ( Hydrilla verticillate) 55 X SEAH Y 1E L Z=A0 T, Ml ZE A 05 8
TR SE BERSEE SRR, DL B ) R A K B S S i TR T R R

T4 WL T AR — R H PG K S PR Lk |, B4F 10 AWK BRESLT K R4 4 A RBZET R
AR | BRI TR B 7K S5 70000 H, 24 5 R TT A R RS G K 5 BB 5%—10% 1 sk
B ) EERWSE YR A ( Grus leucogeranus ) k%Y B2 ( Ciconia nigra) A J5 H#% ( Ciconia boyciana) 7%
JE (Anser cygnoides ) /N FABRE (Anser erythropus) o [RIBS  JE /N RE G E (Anser fabalis ) £ 7R . — K F| PG
WK B TR AE I Lk b e BB A M A LR RE IR L T5% MR EE B L VE R N LA 2R K
Ry B R E KR SRR % T 1986 A ST T WA 9 A SRR IX 1997 AR ST B 9 H AR R
PIX 3T 2015 4ERE G A FEI PR E R4 5%, AR XTI 333.4 km® %0 X 101.5 km? (5 P37 X g T A
(9 30.5% ; 2w IX AL 103.0 k', 5 P47 X B IR 30.9% 5 LK X 128.9 km?, (5 X B IR 38.7% . A&
F5E DX A T 00 7 (T 7% DX K S 20 IXC) | o v T Jol S0 7 Az 33 0 T A T80 90 ) TS ol P e v 7K A2 1
FARAK AL Z ] Y X e

2 B 2K FE , F+ 4 RK A 2K SCBI A FIT AR, 2020—2021 4F #8044 2R K A7 A8 Ak 43 B Wb, A ol 2
AT K 7 35 e, HLZKAL T B B b, B 7K A SCR A R TR SR TR (181 2) o TR 2 D i J 2= oK Y
2019—2020 4F 4 Z K A1 4880 F R, 5 2 ML, 2020—2021 4F A 25 T4 11 K 1 A S8 b 1T i 23 Xt B4 K 15
P FI S
1.2 B K SHE IR

AR SCHR AR ARS8 DX HU T | 550 S S R B AR 10, 70 TH G T Ve nly T3 22 M s 0 I 4 1 /K S i
TPy (B 1) BRI B A 24820 1 km 5 DX, WU B[] 22 /08 20 min, FE AT E] L, 4350 F K
R BEK Y 2019—2020 4FFIR A K 9 2020—2021 AR PB4 2 (RISARRY 10 H 3 BIAFE 2 A7) 47
KR B H R A R IR 2—3 d, BT IAEBA TR 12 3 ryiE A HIHAR T R4 B R K A AH
24, AT HERSR ] A s 18] A1 K A7 3 P b ] BE 22 M0 BE TP 2R WA R 7K S5 B EvR R O B 2 8] 43 A1 AT 20, F
PRIEAE I [E] R 2019 4F 12 A 15—17 H LK 2020 4F 12 A 12—13 H, J8#& A G4 B BBA, A 2—3 & A5,
TR EFE AT WO I A ST BRS04 KA, — N 7:00 TF4R,17:00 255, BEAILIE 45 00 I Fsf 1] LA 3
G 2 RN K S 5080, LLIFUI Al O A v 0 AR AR SR R B v BB B BE (SWAROVSKI,
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Fig.1 Survey sites of wintering waterbirds in the riparian zone at Shengjin Lake
Lo 2 2R 5 3 AL 54 56655 5 BT s 6. 157 - FIEIT; 8 Ak Sk 5 9 W 15 10 2 15 1L /NBR AL 12 32300513 1 1 5 14 SHIRIT
15 XUGL 516 BEAS 517 R KM 18 - N 3519 = T 520 8885 ;21 L% 522 4N FER 1—9 J8 T LW RE A 10—16 J& T il bR 17—
22 )BT

ATM 20-60x85, Austria ) FIR & 248 (SWAROVSKI, 8.5x42 | Austria ) 58N 0] WL XI5k, 3481 1 GPS 205l
HEATRE DL (eTrex30, Garmin, R E ) o SR BLIET RO i 0 sk S A8k R A s 2 il

FRAE R A 7K 1 (14 T84 20 P B TG T TR A B A K S BT 0ol 5 ANV AE AT O LG B UK B4R, &
R RS R G2 B & FUK B4EM  FERE VR ARAFHY M, 63 &fhFKSHER.
FEHE AT, L) — St Fa0E ; G4 (R S /K 2 82 P . B IR e | T 7e 2 b i Kk AR B s AR
RSG5 B T 2K SR EEPE KSR B 2E ) X FAEAS [ S 308 & (W R, 78 5 2L 3R AT T8
HHEEFZEWEYHAIT AR,

x1 FAEHHLKERRER
Table 1 Foraging guilds of wintering waterbirds at Shengjin Lake

HUfr 4 1A Foraging guilds fRFEWF Typical species

B iK1 Fish forager(G1) B4 (Ardea cinerea) , "7 ( Ciconia boyciana)
BEFKY Grass forager( G2) EHE (Anser fabalis) , HEME (Anser albifrons)

B TK Y Seed forager( G3) BEWENY (Anas poecilorhyncha) ,2%3<1W8 (Anas platyrhynchos)
BIRW /KLY Invertebrate forager( G4) S8 ( Recurvirostra avosetta) 57 ( Tringa erythropus)
B R 25K Tuber forager( G5) INKEG ( Cygnus columbianua) , %S ( Grus monacha)

1.3 A Al SRR

FE S ZEAT A IE Al B ARBFIE 2 B 6 A A B8 it A 45 . /K Sal i B U8 v e AR R I B TR
PE— PR B DA S TR AR K e — R B DX AR B TR AR K — e ME TR IX A B T AR AR A A 0 R T R
AR, EREIE B R A HIHEGE 5 2 S 5214, Al ABRYIZS 8] 7). ( European Space Agency, ESA;https://
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scihub.copernicus.eu/) N#k, AMFFRZEE PR A H 55108 2019 48 12 A 13 H ([ LKA 10.44 m; %
[B] 725 .10 m) F12020 4F 12 H 12 H (] _LKA7:10.22 m; 258 73 B4 10 m) o

H1 T SCIH Y& DR T4 ) B AR K 6248 5 di B /K 2 2R =2 TRD A DX, AR B A R K BHE DOk, e IR
TKIAFIAR AR WS LS 2 5T 2 B AR E R 5 T 9 7 DXl N RN B R BRI, S5/ N 218 B TR
2020 4F 5 3 11 H (1A EKAL:8.61 m; 25 [E]43HE4 10 m) R FH% H W1k 2020 4F 8 J 4 H () 17K A,
16.92 m; 25 [ 3 HFF .10 m) , KOLFE B ARIE T LUK SCREMAE B M (http ://ye. wswj.net/ahyce/ , ¥ 1 [f ] I,
Kl2),

TEFH T & A P& 07 DX RO e PR RE /K A5 1 2 AUV AR D 45 G BIF 9 X R 5 1122 1] SNAP
BAEAT ENVI EAEFEAT I B2 AR TR BE X X GAR WAL B |, DL AR 5 AT IX U2 AR 1 M 002K
JELLME B RGN 22 RN B WA 51l = L B 0 8 A A58 B Sk, A 00 B2 4 e 43k 85% LU I
LR B
1.4 Bdlaorr S5 Ak

i F Shannon-Wiener ZFEPEFEEL( LI H” 7R ) A Simpson AR FEFEEL (LA D” Fon ) i i A K 294
Wz kett, AT

H=- ) PlnP,

D=1-Y P
A, i FoRHE DRI T IS, P, FORE N YRER R S ECPR E A T
Pielou ¥ 2J AR EL (VL " Rm) TR N
H
H

max

J=

K H, R KRYIFh Z R
TR P,=10%KK S,
SEE RN B E bR EZE (Mean+SD)

2 ZHREHH

2.1 A K SRS AR S B0 A4

2019 £ F1 2020 4FPIBA TR TR T 0 BB K 5 39453.60+20955.31 (n =10, n 37 1 A K
HORJR 7 H 13859 Bl (R 2) o Hirp 2019 4F 4 F= 71 0198 il M4 5] 50984.20+9595.71 (n=5) 2, J& 7
H 13 B 51 72 2020 AR F0EEH0 7 H 12 B 53 Fh, B8R 27923.00+13808.47 (n=5) K, P42
P PLHED RN T BRSRLE THE . FEPIAS A ZE T IC s B0 59 P Fhrh A 13 F s A T TUCN 21644
5, o B SE A (CR) A7 75 LTS (Aythya baeri) FIFES ; Bifa WAt (EN) AR T S ;5 MG Gl (VU) .
T /N BTE (Anser erythropus) %S HAMLES (Antigone vipio ) FIZL LMY (Aythya ferina) 3 VL) 5 FhiT fa4)
FONT) « FHFE A S ( Numenius arquata )  BE R JBE % ( Limosa lapponica ) . FH R VWS ( Aythya nyroca) . % 25
( Mareca falcata) FIJR Sk 22 3 ( Vanellus vanellus) .

2019 4F A K S DUIE B R 2R i 2, HUCOHISIE B L B & 1 1 B 20 #2409 HERS 25 788 2
A 4FE13 B0 200 e ROVE SR SR EERHRIKHERE 8998 H R e b (A PR EE AL 1 AP, 2020 A TR E
K SRR IR H 528 A 1 B 18 Fl, FEOGMENS 8 Hok i8I B, 2 3 B 15 B 40 46 e Bk, i RHFI
ARE AR K HERF K 5 5 5 2019 4R 4 AR /2, 2020 kA 2R S i/ D 2450 5B 1R 1 Fh
WA AXAE 2019 4EBA ZRIC BN K A T REK TN (Aythya fuligula) (FIIRTENS SRS (Anas penelope) (%5
JE (Anser caerulescens) BERRERS . 7K HE ( Hydrophasianus chirurgus ) ; AXAE 2020 F 804 20 % 2 i /K 4 FL5
(Ardea purpurea) . JK ME (Anser anser) . 75 B3 ¥% (Anas strepera ) | AR ES  JK Sk #2239 ( Vanellus cinereus ) , KA1
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( Pluvialis squatarola) . FANEAIHS Y ( Tringa stagnatilis)
K2 ALWHEEFHLKERIAERAAK
Table 2 The species composition of wintering waterbirds and their foraging guilds in the riparian zone at Shengjin Lake
P& K S50 R
Waterbird number in the two winter seasons
e 2019—2020  2020—2021 ﬁﬂh%ﬁ Exﬁ%lz}
Species P ES WAE 20194E 120 20204 12 A Pr;z;zm F:;ing
2019—2020  2020—2021 Dec. 2019 Dec. 2020
winter winter
— 85 H Podicipediformes
(—) WERSRL Podicipedidae
1 INBSIE Tachybaptus ruficollis  329.80£175.10 519.60+539.72 657 72 ek
2 RSk B8 Podiceps cristatus 440.80+183.16 538.00+553.97 452 9 K
- #5J% H Pelecaniformes
(=) f535 8} Phalacrocoracidae
3 S fiS 48 Phalacrocorax carbo  1432.00+1074.58 1440.80+772.49 1515 647 Bk
= #5J2 H Ciconiiformes
(=) Rl Ardeidae
4 BEH Ardea cinerea 573.00£235.07 934.80+939.10 552 642 K
5 K Ardea purpurea — 0.20+0.40 — — BfKY
6 K Egretta alba 536.00+434.25 663.40+561.91 148 280 Tk
7 ¥ Egretta intermedia 5.40+10.80 0.80+1.60 27 — ik
8 ¥ Egretta garzetta 587.40+871.30 308.60+231.09 59 — Bk
9 W Ardeola bacchus 1.00£2.00  77.40+154.80 — — K
10 W5 Nycticorax nycticorax 46.20+89.91  93.20+101.54 5 —
QD) #5F} Ciconiidae
11 HRIT S Ciconia boyciana 5.80£6.97  118.40+160.93 5 411 I, ¥ife jogil &
(1) BSR} Threskiornithidae
12 HEE¥ Platalea leucorodia 1498.80+1221.38  480.00+177.83 2800 411 I BRI S
] MEIE H Anseriformes
(73) H5RL Anatidae
13 INKIE Cygnus columbianus 828.60+653.85 171.80+130.77 1992 207 I BHZEKE
14 I8 Anser cygnoides 693.60+569.90  12.20+13.27 693 2 .51 BHZEKE
15 T Anser fabalis 32942.80+7782.74 14324.20+8603.63 45105 19880 SE K,
16 P14 Anser albifrons 1709.80+1954.39  1157.80+1060.24 3235 1263 1 BHHKY
17 INEBIE Anser erythropus 31.20£59.93  18.80£23.10 — — .51 S E K
18 JRIE Anser anser — 20.20+40.40 — — BHERKY
19 EE Anser caerulescens 0.40+0.49 — — — T ERIKE
20 FRFETY Tadorna ferruginea 141.40£129.93  26.00+16.76 69 21 BRFIKE
21 FUELIRHS Tadorna tadorna 1.40£2.80 9.00+13.21 — — BFhFKE
22 WA Anas penelope 65.60+81.88 — 139 — B FKE
23 B Anas falcata 285.00+345.79  79.40+95.10 19 6 i [ BRpFKE
24 HIEWS Anas strepera — 8.40+13.57 — 7 B FKE
25 LR Anas crecca 2162.60+2288.03  867.00+198.68 1828 869 BFKEY
26 2388 Anas platyrhynchos 648.60£457.59  298.20+135.46 775 205 BRPFKE
27 BEMERS Anas poecilorhyncha 2764.20+732.49  2762.20+2893.19 3305 1458 BRPFKY
28 £ R Anas acuta 28.60+45.56  11.20+19.54 — — BRFIKE
29 EEMERS Anas clypeata 43.60£86.70  9.20+18.40 — — BhhFKE
30 L1 3LVEHE Aythya ferina 15.00+22.86 0.80+1.60 59 — 51 BRpFKE
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P A K S50 H
Waterbird number in the two winter seasons
GiES 2019—2020  2020—2021 1%%%2& Exﬁ%
Species AT WAZ 201941251 2020 4 12 f Pr;zzzon F;zing
2019—2020  2020—2021 Dec. 2019 Dec. 2020
winter winter
31 LS Aythya baeri 0.40+0.80 0.60+1.20 — — 1% fé: BRIy
32 FIHR M8 Aythya nyroca 0.40+0.80 — — — i [ BRFKE
33 LS Aythya fuligula 2.40+4.80 — — — BRFKY
34 WSEFKIDHY Mergus merganser  51.40+82.09 0.20+0.40 — — ik
n I H Gruiformes
() #%} Gruidae
35 S Grus leucogeranus 11.60+7.39 4.00+4.15 15 — I, #fe LK
36 FAREHS Grus vipio — 1.00+1.26 — — 1,51k BHZEKE
37 K Grus grus 0.20+.40 2.40+2.24 — 3 I BHZEKY
38 F13k%8 Grus monacha 134.00+71.98  83.20+43.16 229 118 1.5 KLY
V) B R} Rallidae I
39 BIKIY Gallinula chloropus 145.00+90.31 8.00+6.84 — — BRFIKE
40 BT Fulica atra 252.40£275.32  83.00£71.80 63 13 BRFKE
N I H Charadriiformes
(Ju) JKHERL Jacanidae
41 JKHE Hydrophasianus chirurgus 8.40+16.80 — — — I BIRWs YK
(+) S WS Bl Recurvirostridea
42 S W5 Recurvirostra avosetta 961.60£1541.33  1175.40£1000.19 — 1260 BIRMSIYK S
(+—) 4%} Charadriidae
43 Rk 2239 Vanellus vanellus 856.40+555.14 347.20+223.76 614 415 s IRME YK S
44 WKk F2 X8 Vanellus cinereus — 11.00£22.00 — — LR B K
45 JRA® Pluvialis squatarola — 4.20+8.40 — — BIRWSI YIRS
46 & NEA® Charadrius dubius 0.60+0.80 0.800.75 — 1 BRI HIK 5
47 R #if Charadrius alexandrinus — 17.00£30.16 0.20+0.40 — — BIRWS YIRS
(+=)  #8%®} Scolopacidae
48 i B UHE Gallinago gallinago 1.60+2.33 1.80+1.60 — 3 BIRWS YK S
49 LR RS Limosa lapponica 120.20+186.29 — 120 — i fe B shPIK 5
50 A S Numenius arquata — 7.60+12.01 — — I,i¥fE IR YIK 5
51 7 Tringa erythropus 65.20£70.89  395.20+320.97 110 752 BIRMSIYK S
52 B Tringa stagnatilis — 2.20+4.40 — — TN K S
53 FH TS Tringa nebularia 144.00+138.99  10.20£6.31 240 8 IRME YK S
54 HNERLEY Tringa ochropus 33.40+50.04 5.00+4.94 2 12 EYSEIEY )
55 S Tringa glareola 3.00+3.69 3.20£6.40 8 — BRI YK S
56 WL Actitis hypoleucos 0.40+0.49 0.80+1.17 — — BRIk 5
57 RIS RS Calidris alpina 68.00+136.00  35.20+70.40 — — BN K S
t F8IE H Lariformes
(=) K%} Laridae
58 ARKG Larus argentatus 186.80+240.81  32.20+33.10 6 17 'K E
59 LIRS Larus ridibundus 101.20£113.50 756.80+632.30 29 280 K

I Oa5AEZE T %, T HRESTEA SR e WS 5 16 G816 B3R TUCN BRI S5 90 2R R G kis (Ch E S 280 5
SIS ) (8838 ,2011) 12

2019 4F R A Ze Ay 20 S B TE HE R (44907.60+£9994.44) H(n=5) 3@ 4 H 4 # 25 Fi, 045 o
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B SR MR RRSEL R T W (6076.60+1450.02) H(n=5),3 H 9 % 26 fl, @iEHHEEILH £
W H M9 3 (B RS AL s MR FRS RS ) LR R 1 EE (Platalea leucorodia) | [ Wi il ( Recurvirostra
avosetta) FRKZZEXY . 2020 FHERAC = A i S B & (23064.60+12388.77) H(n=5) k@ 4 H 4 B 23 i 4
TEEIRE H 5 2019 AFEARTE]  PEFAFR R GRERIBEYETS (Anas poecilorhyncha ) ;1585 (4858.40+2870.78) H (n=5) , 3}
J&3 H 8 B30 F &R B I — AR, LRAF N (Ardea cinerea) K15 ( Egretta alba) FR R,
PRI it 73t 7K, 2020—2021 4 8 4% 1 7K A3 )% 2 # 3

Bk, A 4 K R A AT () R

2020—2021 4F B & WAL AE 12 H K & Sk
2019—2020 4774 1, oA 13 7K 5 i 3 A A R A
JEM R R, 2020 4 12 A5, K008 TR, K S8R

JKAL Water level/m
7K 5% % Total number/(X 10*H)

8
W TRE, 6
22 WK SIS L ‘ I I IH I
K5 2L 4 AT K 90 s f)JE. n Al |
i PR TE 12 7 6345 BT S D L 8 53 3z 33 3 1%
SME, 2019 4F 12 Ag R FI R K SIA 11 Bl 3455 nEon gammigmeg@-mg Tt

W H A3 f9 98 ( Phalacrocorax carbo ) K 5 L e £
LK I3 Tl SRS (Anser albifrons)2 2 F&i 2019—2020 £ 5 2020—2021 F L KT
FHOE 48340 AR TR EIORRE Ik 8 Fh qo57 Do RMEBERL |
e M S Fig.2 Water level in winter season and dynamic changes of the
) F% s BR 7N > total number of waterbirds at Shengjin Lake in 2019—2020 and

3849 H O HEE MW EmR L, B N 2KSIAH 4 M 200—202
2929 H /NKIGHER R Z

2020 4F 12 Hidsg Rk B 8 F 2358 W il 558 AU 2 s B 5 UK SARIH R GREFI
FIAUE 2 Fi 3k 21143 H B FF/K 37 B 2579 W BEMERS (A 5UE ic 2 IR s WK 3 8 #2861
H B e 2 WK SRR SO TS  BH F 2K B304 4 Fh 330 H, 8 & 2 2/ N R G,

HE MM Shannon-Wiener ZAEVEFE U LTE 2019 4F 12 A R A E /K S >ER T /K >EIRWN 1Y)
K >EHL T 2K B> H FK S TR 2020 4F 12 A RIHE /K S>SEIRWSIYIK S >ER 7K S >EHT
ZKESEHERIUKS (R 3) . 5 A BREEBNKSEERA 2020 46 12 A WA AN FRERN TR, Kb, /Ky
BETE 2020 4F 12 H 3 138 30% , 3225 R k338 fS 28 A/ NSRS ( Tachybaptus ruficollis ) B WI/D £ 55 B
K BB 2019 4F 12 7 B 43.7% , 32 B2 SRR 9 R0R B2 BT S B0 B A T K SRR D T
58.8% , BT BEMETE FNZE NG (Anas crecca) BIIE/D s B IRAG S/K S8R AR ZE A, WA BGE in 1 FF itk £
FEMESE N, BOR e 2 K St FEERE AR T O35 B T 250K & AR . /N RIS HE NI T 29 89.6%,
2020 4 12 AAGC 3 2,

F3 FEH2019 £52020 F 12 ABHARRIEKESNEER SHEHE
Table 3 Characteristics of winterbird foraging guilds in the study area at Shengjin Lake in December of 2019 and 2020
IK WAL IKE K H Shannon-Wiener 1§ %%

et Waterbird species richness Waterbird number/ind. Shannon-Wiener index
Foraging guidlds

2019—2020 2020—2021 2020—2019 2020—2021 2019—2020 2020—2021

£tk & Fish foragers 11 8 3455 2358 1.55 1.68
BEHIKS Grass foragers 2 2 48340 21143 0.25 0.23
BFTIKE Seed foragers 8 7 6257 2579 1.20 0.99
BIRMIBI K S Invertebrate foragers 7 8 3849 2861 0.92 1.32
3R 257K 5 Tuber foragers 4 4 2929 330 0.83 0.73
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BB K S AR S (] ) F2 2O AR DX R T A3 BT LA e O 2020 4F 12 H HiB g X SN T W e K
ME G2, A DX S0 5 B O 1) R 5 13 8 K S5 78 2019 4F 12 A (9 2 B240 A5 XS A7 T L WA AR 0 A A ik S 7
) e M LA B R o R AR R PR TITTE 2020 4F 12 H 220040 T L A% Sk AT W S K DX A
TR i T4 ) e SENE A TROK DXORIHE S AT DX A2 D I A G2 5 BRI Sh M1 /K S 7 2019 4F 12 A %
O3 T Th 4 W VSO VE AR I 7R 2020 4F 12 H FE A e b ] B T 22K S A A R T 4 1)
(8 R RGO, LS W e s RS S b, T FE 2020 48 12 H 240078 RWIARA0, EL v i R 91X 8k
JLFIeo3 A (B 3) .

e

|1
B PEHER A X
Ve

K- R A (X

K - R A X
Bl &Ky

BHHKE
Rk
o ERMEK
T BT EKY

3 FH&iH 2019 £5 2020 £ 12 ABAREKERE & H = 657 E
Fig.3 Spatial distribution of different waterbird foragers at Shengjin Lake in the December of 2019 and 2020
Pl B ASDEIR P R/ DA B B 7 3R B R R K S B/ S A ISR s L LI
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2019 47 12 Hic sk B AES 15 H, = 12 B4 F R pa 0 s A= 5w v, 3 A7 F 0 e 0 9 v K X T
2020 4F 12 HARICREI A, 2019 4F 12 Aid 28] k8,229 W, 2E0 T LA, KH o F Fomfe AR 35
o AR AR 5 T 2020 4F 12 ALGESE] 118 H Sk 88, 9 H LA AE L A i g Sk o1, 78 S
FZOUHAR I ) 2 H 2019 47 12 7 000 2 693 H, H T 70% 1158 e 43 A AE L A 0 08 VG I, 5 T TR A
FERME T S5 2020 4F 12 A {QOUWINE] 2 HSHE, 2019 4 12 A7Eikkic s3] 5 AR F S (H R TE
2020 47 12 A 30563 411 R (B, FE AR 7E s (k3 SRR ) DU A 7 T IR e ZnE Ak
(%£4),

R4 FE£H 2019 £5 2020 F 12 AZMAESHNHE/ R
Table 4 Distribution areas of endangered waterbird species at Shengjin Lake in the December of 2019 and 2020
—— i R s Hr

Grus leucogeranus Grus monacha Anser cygnoides Ciconia boyciana

Observation

site 2019—2020  2020—2021  2019—2020  2020—2021  2019—2020  2020—2021  2019—2020  2020—2021
JEFE R 3 6

FfLimg 3 90

e 42 20 70

PR 31

W 33

L 3 8

Pk 150 3 5

[LfG] 3 4 34 517 153
iz 7

Wl 13 167
Be Ry 3
JEZKIH 2 87
=TH 1
Hew 7

i 3 2

2.3 MK MR A BRI S RS W] 25 57

283 1B SRR DA S S b R Ay 2D T S A TR A A R DR KR FERE—K R A X e iE—rK
BORA R ME—IR MR A X 6 FA 28R (B 3) , XFELAMAT T 2019 4F 12 H 12020 4F 12 A TH4EWE 5
B A= BRI . 2019 4F 12 H I 7&K ARG S 1173.31 hm?, JEHETRI R 1879.41 hm?, FLMERI AR 949.93 hm?,
FEME—K IR G TR 4294.25 hm?, Je ME—7K380R & X T AL 391.05 hm?, B ME—Je METR & X 1H X 2164.38
hm?®, 2020 4 12 A /KIRIE R 2726.89 hm*, Ye ik i 938.66 hm? , HEFEHIFL 1679.29 hm? , HEME—K IR & X
TAIAH 3028.74 hm” | JeME— K IRTR & X RN 1791.18 hm® | BLE—JMER & X AL 705.96 hm®, 3255 f# T 5210
{15 2020 4F- T+ 4 AR /K B )3 I, 76 [l — B 1, 6 A 5% ) T RRO™ A B R ARk

W S M R A 0 K S B 2 A A A R 43 A3 T A 6 Rl RS 5 AN /K S 4 P B Rl 2 AR AR AR B I (36
4), 2019 4 12 A /K 40t gk AR Be R i 2, EEZON B AUK SR EF /K S /0 A 78 5 ME— K 8R
SXAERBERE , FERIEE KLY, 2020 4F 12 A K S 0f fE TR iR B b 2K i 22 8 N BRI 5)
YK G FEFF K A e ME— KR & KA RS, TR NEERKS,

5 Fh S AL A AE 6 FhAESE A AR A g AR b oy - B UK S A A K B R R ) i 22 B ROK
BYEAS AR A FL 2 (R e e A B8 AN s i — K Sk TR B X 43 A O 50 I B s s Rk S
TE S /KSR A 55 53 A (B 8 07K 5 2 ) B R E M A 555 B IS Sh /K SR VR RME R FP S 16 22 7oK 353 A
RS W]t b 5 B R /K S e /KB A A R A ] el (3R 5)
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RS5 2019 52020 F 12 AL SFHEMHEEFFIREREKESH
Table 5 Distribution of waterbirds in different habitats in the riparian zone at Shengjin Lake in December of 2019 and 2020

- - WRWIIRS  qyopke  aaiks maks @REks ait
Habita types Catogy foragers Tuber foragers ~ Grass foragers Fish foragers Seed foragers Total
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
B KL 1 2 2 2 3 2 1 4 / 3 7 13
Vegelation area e/ 28 89 159 45 5967 4522 13 38 / 62 6167 4756
KK Fh2A 5 4 2 / 2 2 10 8 9 5 28 19
Water area /R 2034 322 673 /2655 3047 2497 1164 4255 1164 12114 5697
EE-JRRER A X FhHL 2 / / / / 2 1 1 / / 3 3
Vegetation-Mudflat mixed area B/ R 402 / / / /3670 24 60 / /46 3730
Ve Fhk% 2 7 1 4 2 2 2 4 / 5 7 2
Mudflat area /R 2865 1261 4 39 10492 305 35 414 /1109 13434 3128
JEE- KR A X Fhk% 4 4 1 2 2 1 5 3 5 2 17 12
Mudflat-Water mixed area /R 708 1140 989 85 5560 6612 185 196 1057 42 8499 8075
RO KR A X B 1 1 1 3 2 1 5 5 5 3 14 13
Vegetation-Water mixed area HE/H 2 49 336 161 21943 2987 319 486 1615 202 24235 3885

T4 AN [) 18 DI 77 A K S WA AR AR (36 5) 22019 4F 12 ] TH4a ) il va i K S W) b
%, 27 7132020 4F 12 A FH4 N WETEOK SYREURZ 21 B, IZSTRGH T L, AN A 2R 1Y
K AR TR AR BN IS T T e A R b

2019 4% 12 H F+ 4 AN R X 7K & Shannon-Wiener Z2 A HEHE 50 /N R 0 T > B >Hi#, 2020 4F 12
ANA T8> H> il Y8 B s s i, 20 510 1.94 101,54, {H Shannon-Wiener 15 BRIk i v il % 48
K B S) . PIFERY Simpson ¥84(5 Shannon-Wiener 48 508 1E AR, {HFE 2019 4F 12 H |, Pielou #J
A EEFEECE R AT VR B A 0.08 3 7E 2020 4 12 H 7578 Ry i & e s o 0.08( K 6)

R 6 2019 52020 F 12 BRASHMBEEFAR MRS SRR
Table 6 Winterbird diversity indices in different areas at Shengjin Lake in December of 2019 and 2020

o 1 Upper lake Hikf Middle lake T Following lake
Diversity 2019 4F 12 5 20204F 12 A 20194E 12 4 20204F 12 7 20194F 12 2020 4E 12 A
Dec. 2019 Dec. 2020 Dec. 2019 Dec. 2020 Dec. 2019 Dec. 2020

B Species diversity 27 19 19 19 25 21
Hrdt Number/ 2 35054 11946 12460 7315 17361 10010
Z MR 2L Shannon-Wiener index 1.12 1.03 0.74 1.48 1.94 1.54
A EFREL Simpson index 0.43 0.40 0.28 0.58 0.74 0.61
YI5TREFE S Pielou index 0.04 0.05 0.04 0.08 0.08 0.07

3 g

3.1 AR AR S K S R

T4 WA T8 T A 7K 5 B4 (1 T B T, T 9 A XA 3 A Rk, HL A2 I K A7 AR AR B4 5 4
F 2020 A Y5 PN A KA SR B SR IR 22— RS 45 R B R |, 2020—2021 A ZE T4k A ST IR R
AR (T 2) , I 7 5 M BT P i AR B8 (K BRI ) ARk, DA R K B B AR S, S Bk T
K S IR B R R 7E 2020 AFRRRACZRRTHA , KA ORI 2 5 = KO /K T AR B (B ), 1 12 A JF R, )
KGR AR R W RS 2019 4F FIISEARE T, SRS A AU TR M 52 58 , 1 AR AR P AR AR
T AR 0, B A R A 3 R K S AR A ) B B TR AT
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TSR T P DX IR B A 2E R 40, 7K S (0 S R ) ok e 4K S 4R R M B B IR A S R
W T THRTE Y THTE A P KA BT 2 i 6 R B 0 A b, AR St W 3 R A £
K BRI IK S LI D ER S AR KIS P G S AT, WFFE SR B K I AR S8 3 (B) AR A B Y X
P BRACZEAR 1L, 2020 AR K S8 AR R HLIFIZK BT, AR 20T 3 A S W B, Tk Ml 0 7K 5 5 ) 2 0 &
PSSR R X AT AE R 2020 4FBAC K SRR DI JEIN

FEZ AR IME S B I sh ) K 5 00 B i 6 &, LURWE sh W) b & 09 7K 55 ) IN/INTRL ) 4 HEFRS ( Charadrius
dubius ) IS ( Charadrius alexandrinus ) )R I EER | 285 FE W0 10 % T 6 &, B4 #1880 U8 v D S %
IKFMER IR G DX, BT S AR R R W e SRR A 2SS, T8 ME N P 7K DX Bl 2 ik 2 A A v
(gt TRIAS SRAK R A TR & XA SR 8 25 K et R, A5 b A 7= 7 o 51 2020 4R LISTE B b 11
BIEWI S YIK SRR A1 N, AT B8 A e RE—E K T AR N P B 4528

P DI, 5 T AR TR TR ) R | A R SR 7K A A DA R A AR A e DX S PR A Bl ) i v B S
Jor P AT BB /K 5 W e = R B ey 1) A B, 3 v B 18 AR 58 S B ] BB Z2 MUK S 4R AL T T AR Y
PP, IR HAR A TR I RGBT 0 ARSI, kS B R RO AT A
H RO (2K BRZE MRAE) ; [RISHOHE h E E 1 8 R O TR H K S PRI R A R R X ek
S 2R P P LIRS ) S et A ) B A K 5 ) T B i . ZE I A v B EIE H K S8R iR 2, X
B S Y ST AN T a3
3.2 IHTEHTAE BT AR AN [F] K 5 R B AT Y52 )

Xt HE A ERACZE 12 AT+ T P51 7K 15 840, 2020 4F 12 AZK 808 R T 54.88% , ANIFZK 15 £ 1]
14 2 SRS 0 S I A [] A9 Pt/ | 3890 7K R 7K R[] ) A 38 5 | ) 7 P A T AR 1 2 2 il 7K 5 B8 R )
PR B EZR R Hrp A RUR S B T e e R, 32502 TR 1Y 2RI /b 5 10 R 25K
R T R H B B KA B 88.73% , T B /N RIS B /D I 3, K 2K 5 R BAE RERERCA D 1A
MR KT T EN TR R E L 7EK S KT, BAR/K S B0 IR B TR (0 & K S A
JIEA S Py 7K 5 i Z2 REPEEIA BTSN, 53 A 82 Z= R W A R 8 BE AR TR AR Ak, S EOX M 4 1 7l B it
PR 2020 4R A AR 5 2 A Ko B AR = i B S0 N R R A A K S A AR RO S e 25, 53 41 T4
7K 2 OR AP it 9 St o 2 S R 2 —

AR AR A S M A T F R e T A R A I s T RE R AN TR A BB A AR E RS R
BB RRECE Y 7, AR A R AT /K 5 A S R FH AR AN [l (90 5 H At ] s o 0 B 4 K
8RR TR TR K S RS H T AR Y X A T AR P A B SR UK AR B T S, FEK S AR
K, A 3578 Ak T RE X AS [ B 4 L 1 7K 5 7 A R TR R i ) DT 3850 1A BB R /K 5 B0 78 Ak

BEHKS FE AT 3 78 2020 4F 12 7 B i D038 59 TR A 2019 4F 12 A 1) 43.78% , TEASHT
FEH1,2020 47 12 ) B B EARVA T B B A B IS A, HLRRE— YR RETR A DO FLRE—K SR 5 X
TR R, AR SE 2 B, B I B 5 M 14 O R S A A R GO R T 3 AV A A ) 1
W MR AR A ) A TR — K SR DX, FETE AR Y T S 0T L AT A B B A B DT A
B,

FRMIEh YK S F R LUGHESSE N 3,76 2019 4F 12 H HE I 2 88 i B ie 22, 78 2020 4F 12 A 56780
MBI Z R E IR Sh YK SR mE A Wb VE ST REA T Al i G S YR 11 e
WA BE b FEAG KK AL A, JE MERR &R Th ARG R I X IR I AR 8 8, BB i B IR ) /K 5 2 4t
FEARREY) . 2020 4FEHACZRHIKIEIR AEIR 12 7 0318 7% AR 0 K dml st =i, {0 7oy 1 IR 22 e M — K Js
TRA ARSI AR5 1V 0 e e T AR /b, W] R S BURA S A — R W AR AR R BT AR A 17K A B H Rk
RSP AEAE , TS BRI S K S B Y3 B = 5 53 AR ME— K BUR & AR BEA A THE A5 28K SRR
T, PR HL R 2 T M (1 B T A 8 A by R A TR TR 3K RT REAR S B A E IG 3h K 1 s
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YA

KIS IRE E  N T R K S R OCE L DRI ] TR R K AL AR K S AR A A
(it 8 B 7S et 1 R B 7K S T AR BLSP-ANA T3 43 1 K S FETH Y W R . A K S AR A3 A IA
eI GR | 2 B B A BN S22, S AR BN 2 B X T B K S TR IR, B HEUK SRR
PRI ME | AT BOR K S g, B T RS RE 0 AR 17K 55 (ANAR T ) e AN R, il THA
RUEER W S RS2 BRG], B BEAE KSR B 00 &, IR AE 2020 4F 12 7 W3] 411 B D5 (1S, Wi 7 2019 4F 12
Az s 2,

BT K S REBOZMROR S BT LR KR 5 R 25 &, PR O 7 A K TR KA Y
HKIREA Y TR T B SR, 78 2020 4F 12 HER T /K S TEE T 58.8% , 3252 B T A1 4l 19 1Y
W, FERE—K R G AR B S R — e MR X A S T AR AL T R IR R R E A

X TR 25K S0, FORE T AR SCE DUKAE Y PR AR i B IR, BRI S TUKE
W HE AR B AR 35 A A (o LR B, 17T R M — K SR A X AR B T B, X B R M B MR 250K 5 1 4y
A7, FEECHBCR LY IS AR 2019 4F 12 H A —2F B E RS I HEAE 2020 4F [ I R B
HUESIS
3.3 IHTATAE BT R AR A K B A S [B] 43 A 5 R

PN BRACZRAR LL B4 7K 5 23 [B) A A AR AR R WD . MK S 80a TR, A K SRS 5504 T 1
WA TE TR A i i/, 2019 4F 12 A a0 ElE &N E K HA SR R RIA 2R F2 0 5
W ERERITR KA oAl HLoT AT 5], W LAZE T /K 5 8 22 p AR B b AT e 45, i v 7 7 TR RSN, AR 35
R/ FEA R B MK IR 5 AR5 5 ROV 70K 5 e 670 B 7 TR R, . 2020 4F 12 J1 F T
VR R YR RE— K R G DX AR BRI REME AR B | B AR A B 2 A/ (E Sk A AR B 5 | 1 R B R B S
BRSPS | TR A 7K 5 434 B 22 04 DI el s DR B 4r 2 i /K A, I EL IR 1 RS 3 7K AN
AETVHER 25, b Ve AR S R R T, DR /K S (8 5 A At X 3

TR K BRI AREL W 5 | i B K S AT Tk 53X 8K 5 AR RS ME B A, T
W 7 P 52 2 BT 2 | DRI /K PT LA TRE AT LA B K R, Rk 55 AR B £ 2 b JCHOR B A1k
5 B KRS FEURRS N ENEE K SRR Z LI K S Shannon-Wiener 2 FEPEFE EUFT Simpson
AR B m T et 5 2 A 5¢, 1M 2020 4F 12 A i 7% Shannon-Wiener Z2 45 148 £ AL 7T BB & K Ry
S T AR R L LR A T 38 K 55,2020 4F 123X T A 1l DX 1% A= 55 349 Ay R RE—K S TR B DX R Jfe B — K Sel TR
X, HWIKBIR . ferm Pielou 45 BEFE R IX 55 8 32000 2 KR T WK 7 88 @, K A e 23 S B0 K i
Uit Bl A B A S et S5 AR R 2 (K S T I 7 T I BRI

PN BAC R 12 F A, 20 5 26 0 25 18] 3 A B ORI 84k o VS | 1 Sk S R e 1 J T T B 20K
5782020 4F 12 A, =Mz ik 5 9% 6A T B 2SR RS K OR Rt 2 S ECH T B AR B kAR 2L
AR SRS AR A T R (L0 A b I B 2 T BB O BRI A A R AR B AR S, TE
2020 4F 12 J] BT v i oA L0 2190 JE 00 , T R Y M “E 1) D 1 A B 2 2 BT B, AR K Sl A v, &
T AR AR vl X AN R IR SR ARG B, AR5 B R E R 2k KPR R R A
I BT, RIHOK SO T AR S R OCHE S MR SE 0 5 KA, 5 T 4 W9 7 7 A= AR i 7K
WSS XA R TR RS TS, B IEAE 2020 47 12 H N B ZR 7 FES O BCE: BTE, S0 AT M A
B,

4 BETHEKESHEERNBAEEZN

T4 T 2 YRR V8 I T R S G R K A b T P AR B, TR vl DX ez AR A 5
WA, S5 B 7K L Sl A 35 A B ZUVAR A E— 2D SR 1 A K 5 (R AR PR A AR RS 1) o0 Al 1 i AIA R
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AR K S5 AT B A FH A RDIR B , A ] T N ZETT R oK B4 0 il PR SRS 4t . Ao /K B0 ¢
S KAE HAB KA, P2 5 & BT R AL T 58 o X T 0 4 L 909 5 g S LAk R Kk O 5%
S T Y ) AR SR P R B v B A T 5 G S e A A5G 5 98909 A L ) s R T AR S, i
A IR TR 3o ek R R AR AR | L8 <5 T80 0 R0 R S T8 ) sl /K S AR/ v, B K St R b
KRR S, T 28 MK S A TE T4 ] WY& A s i% DX Ak T8, B R
JL, IR ECE , LU A XK S B

£ 3CHf ( References)

(1]
(2]

(3]

[4]

[5]

[6]

(8]

(9]
[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Adav S S, Lee D J, Show K Y, Tay J H. Aerobic granular sludge: recent advances. Biotechnology Advances, 2008, 26(5) : 411-423.

FuBL, LiY, Wang Y Q, Campbell A, Zhang B, Yin S B, Zhu H L, Xing Z F, Jin X M. Evaluation of riparian condition of Songhua River by
integration of remote sensing and field measurements. Scientific Reports, 2017, 7(1) : 2565.

Zheng Y X, Zhang G X, Wu Y F, Xu Y J, Dai C L. Dam effects on downstream riparian wetlands: the Nenjiang River, northeast China. Water,
2019, 11(10) : 2038.

Bara M, Segura L N. Effect of air temperature and water depth on bird abundance: a case study of Rallidae and Anatidae in the northeastern
Algerian Garaet Hadj Tahar. Pakistan Journal of Zoology,2018, 51(1): 211-217.

AN, ERERS, EIAR, Bk, BN, SRR DR RN AT AR T AR S S R N T B G R R A A, 2021,
45(8): 844-859.

Jia Q, Koyama K, Choi C Y, Kim H J, Cao L, Gao D L, Liu G H, Fox A D. Population estimates and geographical distributions of swans and
geese In East Asia based on counts during the non-breeding season. Bird Conservation International, 2016, 26(4) : 397-417.

Jia YF, Jiao SW, Zhang Y M, Zhou Y, Lei G C, Liu G H. Diet shift and its impact on foraging behavior of Siberian crane ( Grus leucogeranus) in
Poyang Lake. PLoS ONE, 2013, 8(6) : e65843.

Li CL, Yang Y, Wang Z, Yang L., Zhang D M, Zhou L Z. The relationship between seasonal water level fluctuation and habitat availability for
wintering waterbirds at Shengjin Lake, China. Bird Conservation International, 2018, 29(1) : 100-114.

MR =, JISL AR, BT WNB A K SR R 454 . A= 38274k, 2011, 31(18) : 5323-5331.

Evtimova V V, Donohue I. Water-level fluctuations regulate the structure and functioning of natural lakes. Freshwater Biology, 2016, 61(2)
251-264.

FREEF-, XM, fhmit, STE. 2020 AR VLA T W Tl i K LR R SRR 38T, KRR R, 2021, 42(1) ; 10-16.

Vafidis J O, Vaughan I P, Jones T H, Facey R J, Parry R, Thomas R J. Habitat use and body mass regulation among warblers in the Sahel region
during the non-breeding season. PLoS ONE, 2014, 9(11) : el13665.

Zhang Y, Cao L, Barter M, Fox A D, Zhao M J, Meng F J, Shi H Q, Jiang Y, Zhu W Z. Changing distribution and abundance of Swan Goose
Anser cygnoides in the Yangtze River floodplain: the likely loss of a very important wintering site. Bird Conservation International, 2011, 21(1) .
36-48.

MR SR X R IR S R U E MR A AR AR DRSS [ D] FK, P E B A B R 5 (P B4 B R 4 (0 RE RO BIF 5T
BE), 2018.

WREZE, BRI, BRIEIRY, 2080, = DO R L SR — LA EE Bt T S . b4, 2002, 20(6) : 712-717.

AIREE, R, S WK KL B B IR RIS, VLI IS BB, 1999,8(1) :75-80.

Robinson V, Pizo M A. A floodplain with artificially reversed flood pulse is important for migratory and rare bird species. Ornithology Research,
2017, 25(3) : 155-168.

Woldemariam W, Mekonnen T, Morrison K, Aticho A. Assessment of wetland flora and avifauna species diversity in Kafa Zone, Southwestern
Ethiopia. Journal of Asia-Pacific Biodiversity, 2018, 11(4) : 494-502.

Xia S X, Liu Y, Wang Y Y, Chen B, Jia Y F, Liu G H, Yu X B, Wen L. Wintering waterbirds in a large river floodplain: Hydrological
connectivity is the key for reconciling development and conservation. Science of The Total Environment, 2016, 573 645-660.

Wang Y Y, Jia Y F, Guan L, Lu C, Lei G C, Wen L, Liu G H. Optimising hydrological conditions to sustain wintering waterbird populations in
Poyang Lake National Natural Reserve: Implications for dam operations. Freshwater Biology, 2013, 58(11) : 2366-2379.

Zhou Y K, Ning L X, Bai X L. Spatial and temporal changes of human disturbances and their effects on landscape patterns in the Jiangsu coastal
zone, China. Ecological Indicators, 2018, 93 111-122.

IRIeSE. P E SO S 34 R (R . dat: BReA R, 2011.

http ; //www.ecologica.cn



18 1 RS A B RS T WA v AR S A A XA K S B v A I R 7745

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

EWEE, BRI, M OOk, WA, WL ME. =R DX T KR 3 S R A W AR S B AL KT RETIR SRR, 2016, 25
(3): 404-411.

van Dijk J G B, Duijns S, Gyimesi A, de Boer W F, Nolet B A. Mallards feed longer to maintain intake rate under competition on a natural food
distribution. Ethology, 2012, 118(2): 169-177.

Isola C R, Colwell M A, Taft O W, Safra R J. Interspecific differences in habitat use of shorebirds and waterfowl foraging in managed wetlands of
California’s San Joaquin Valley. Waterbirds, 2000, 23(2) : 196-203.

Wang R X, Wu F, Chang Y Y, Yang X J. Waterbirds and their habitat utilization of artificial wetlands at Dianchi Lake: implication for waterbird
conservation in Yunnan-Guizhou Plateau Lakes. Wetlands, 2016, 36(6) : 1087-1095.

Wrai, JRISrak, FAERE, RIGR, SR THa MRS T WA Fk BT R S B S BT B3R | 2020, 18(3) : 275-286.

SRR, ZEE R, BARLL, W/, SRR, ZRBR, TERRIE, WK, PRI K IIE R T 5T AR SRR LR 2 R R A (B A A A R
WIARL, 2019, 31(1) ; 183-194.

Cumming G S, Paxton M, King J, Beuster H. Foraging guild membership explains variation in waterbird responses to the hydrological regime of an
arid-region flood-pulse river in Namibia. Freshwater Biology, 2012, 57(6) : 1202-1213.

K0, T, OB, R 8 A T o S B M AR S K AR AR SE R BEIEAL, 2010, 32(11) ¢ 2072-2078.

Xia S X, Liu Y, Chen B, Jia Y F, Zhang H, Liu G H, Yu X B. Effect of water level fluctuations on wintering goose abundance in Poyang Lake
wetlands of China. Chinese Geographical Science, 2017, 27(2) . 248-258.

Zhang C, Yuan Y J, Zeng G M, Liang J, Guo S L, Huang L, Hua S S, Wu H P, Zhu Y, An H X, Zhang L. H. Influence of hydrological regime
and climatic factor on waterbird abundance in Dongting Lake Wetland, China: Implications for biological conservation. Ecological Engineering,
2016, 90 473-481.

Chatterjee A, Adhikari S, Pal S, Mukhopadhyay S K. Foraging guild structure and niche characteristics of waterbirds wintering in selected sub-
Himalayan wetlands of India. Ecological Indicators, 2020, 108: 105693.

Hamza F, Hammouda A, Selmi S. Species richness patterns of waterbirds wintering in the gulf of Gabes in relation to habitat and anthropogenic
features. Estuarine, Coastal and Shelf Science, 2015, 165: 254-260.

Bellio M G, Kingsford R T, Kotagama S W. Natural versus artificial- wetlands and their waterbirds in Sri Lanka. Biological Conservation, 2009,
142(12) : 3076-3085.

i PG 8 B 7 A A E DA B AR K PRI A N BT (D). BB IR R, 2018.

BB, PERISE, FRRRIN, B, R, JETIRIEAHUINE M ORGSR K 5 38 B AR B I 2 AR . AN IR R 22 4. B ARFY
“#hE, 2019, 18(3): 319-328.

WL, WA, XLLE, PR, JHEE. (MK S i AR BT R AR IR SR IR S, 2020, 16(4) @ 23-26.

Fox A D, Cao L, Zhang Y, Barter M, Zhao M J, Meng F J, Wang S L. Declines in the tuber-feeding waterbird guild at Shengjin Lake National
Nature Reserve, China-a barometer of submerged macrophyte collapse. Aquatic Conservation: Marine and Freshwater Ecosystems, 2011, 21(1)
82-91.

Hong S Y, Sharp S P, Chiu M C, Kuo M H, Sun Y H. Flood avoidance behaviour in Brown Dippers Cinclus pallasii. Ibis, 2018, 160( 1) :
179-184.

Faragé S, Hangya K. Effects of water level on waterbird abundance and diversity along the middle section of the Danube River. Hydrobiologia,
2012, 697(1) . 15-21.

TRION, #OR, A, WROICHS, AR, TG, PREIR. A I SOULRS JR 5 A X A RS2 M B A A R . R VTR IR S IR BT
2019, 28(10) :2461-2470.

http ; //www.ecologica.cn



