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Abstract: After 2003, the river-lake relation between Poyang Lake and Yangtze River has been changed significantly in
autumn. Mudflats were being exposed earlier than before 2003 and the area of wetland plants was increasing. The data from
the multi-year survey around the lake from 1998 to 2020 show that the total population of wintering migratory birds is
steadily increasing, but the population of geese is increasing sharply. In order to analyze the causes of migratory birds’

habitat and population changes, we started from the coupling relationship of hydrology-mudflats-vegetation-geese. Based on
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the hydrodynamic model—the Environmental Fluid Dynamics Code( EFDC) , the dynamic changes of waters and mudflats in
the reserve before and after 2003 were analyzed in Duchang Nature Reserve, which had the most concentrated distribution of
geese in Poyang Lake. According to the characteristics of cascade exposure of mudflat, habitat suitability index ( HSI) was
established based on the flooding duration and growth distribution of Carex spp and Polygonum criopolitanum. And the
sensitivity of the habitat suitability model was analyzed in relation to the population changes of Anser cygruoles, Anser
fabalis, and Anser albifrons. The results showed that after 2003, the mudflats in the same elevation zone were exposed about
30 days earlier during the receding period than before 2003, and the area of exposed mudflats on the same dates after 2003
was approximately doubled compared to the period before 2003. From 1990 to 2019, The HSI for geese showed an overall
increasing trend. The exposure time of mudflats and their area shares in different elevation zones of 9—12 m were the main
factors of interannual variation of HSI. The correlation analysis showed that the number of Anser cygruoles, Anser fabalis and
Anser albifrons increased significantly with the increase of HSI, and showed an exponential curve. When the HSI was greater
than 0.5, the number of geese increased sharply, especially in 2017—2019, and the main reason for this phenomenon was
that the mudflat exposure process matched the migration rhythm of geese. Therefore, based on the results and discussion,
the appropriate exposure time window of mudflat was determined—from September 15 (258th day of the year) to November
4 (308th day of the year). The suggestions for wintering geese habitat protection were proposed under the change of river-
lake relation between Poyang Lake and Yangtze River. The findings of this study can provide scientific basis for the

regulating scheme of eco-hydrological process based on the protection of wintering geese.

Key Words: river-lake relationship; Duchang Nature Reserve; the environmental fluid dynamics code (EFDC) ; habitat

suitability index (HSI) ; overwintering geese
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Fig.1 Schematic diagram of elevation change of wetland vegetation distribution before and after 2003
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Fig.2 The vegetation distribution in Duchang Nature Reserve
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Fig. 4 Interannual variation of overwintering geese populations in Duchang Nature Reserve
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Fig.7 Comparison of inundation changes in Duchang Nature Reserve before and after 2003
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Elevation/m Exposure time Temperatures/ C Exposure time Temperatures/ “C Days of earlier
after 2003 before 2003 exposure after 2003/d
12 10 H3H 22 10 H27H 17.7 24
11 10H11H 22.1 1MH7H 17.7 27
10 10 419 H 20.3 1A 19H 11.8 31
9 10H27H 17.7 11 A30H 10.8 34

http ; //www.ecologica.cn



&t
B

9034 la SRS Bl 43 4

70000 | iy .
60000 |
X' 50000 | .
=
2 40000 |
& 30000 |
3 20000 |
£
10000 |
Of o : : : : . . . ,
0 01 02 03 04 05 06 07 08
70000 | i o 90000 | g
60000 | 80000 |
X o 70000 |
2 50000 - * 60000 |
£ 40000 F . 50000
= .
8 30000 | 40000 |
o0l 30000
&/ 20000 |
10000 + .. 10000 | f)
()—I - - - .. IQOQI:.OIQ ) 0" - - - - ] .'.‘ )
0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08

A= 85555 T %K Habitat suitability index

E11 4BEEMEHHSIEREANEEEXER
Fig.11 Quantitative relationship between Habitat suitability index ( HSI) and the number of geese

FUARE 20 km® | i 2010 4 J 6 BH IS 755 (4 40 A T AL L35 200 kM A e Rt T B 2108 2 6 it i iz
AKOKIRAT 9 m BT, A5 A /KALEE 5 HST TR 25 AT 1, 2003 4F J5 R K 5, PHME H 28 B [ B2 A1, ELA /K AR
W%  HEFHAE 9—10 m m R A K Y SREEHE T BEA S0, DRI X3 HST ) S AR 35 B R
4.2 JACE SRR AR B 1A i iy

B SMARAR AL RSN AN [RIZK SCAR TR A 558 3 B 55 M 2 00t OC 3R, U R E S 2 Xo) A 45 728 b 1 SRR R
U 1998 4E R K A7 FF 8zt Al 1R K I a4, 11 A RS KA A R 2 12 m, 12—11 m = A A 55 18 B 4
%, B EEB KM, 11 m DUR AR5 AR B3 B R A el {ELME SR8 00 09 T ) FH o o BAR X A/, e ik
SRR R Y DA SR SR AR A B o, 325 BOZ AT BE OR3P DX PN B it g /b, 8 43 2 T g 3 2
P IX R A B AR MG SCRRBIF ST R A ) R A S e RS SR R S — S RS LN, 2
T BT RIS S5 M S R B A AR PRI R A Rl , 2006 AFEHER E SR AVLAKGE | R BILIG M A5 XS 25 4L
A —ER ;2010 2011 F1 2012 AFAL RIS . #8 E CR DXOME 2 500 A X A /0 | ] 320 980 BH B 7y o
BERCRENAT BTt | X S B G A — e R b S T SR R A B AR A SRR

2006 AFAR KR P EEAR T, SO A A T R K HSTae i o0 ) WAL TR, (ELNGE THESCHE 22 L, 8 I 4
EEIE W, SR i AR K TR B AT A KRR, SRR R IL L, #ATEl A
PN 28 K BGA S 12 d S B ICE, R e A 28 d J, R AR R AT 4 AR R A e D i
G REEANTE HEISEUE . Zhao S5 WFFT LRI S 3 B PRk i 88 0 oy A [ ARG 1 KRt ke o 2 4
AR, B IME RS FR A R, /DA ARG R S H I 2K B AR AR (120—220 mm) |
M ( 35 <50% ) M EF AT REHLE . 5 2006 21,2011 472 MAAE K AR HST P8 80 (E 8%, 2 10 H
Hf) 9—12 m S AR MERE O 20 58 70 S BRAC oy e ] | 20 V0 348 R %) s e o ] (A 2, , £ s T R
Pz BB T RE R BOZ AR R B D THE AR D,

AHEEZ T ,2017—2019 4F S 0 3 2 T HABAEOy , PHME ) 8% 7 1 5 2 RO A (&1 5) B RC AT g
R ETEA AT AL 2017—2019 4 H @A [ b F el B8 e BR i B, SRR RS, 12—11 m &
W B RIE 9 A H Al (58 250 K ), BF4E 9 AK 10 A4, B HUESEHGA AR B AR X A9 D2 | i — it 3]
FIHT A RK LI PR S ES R B Yok . 11 2 DS 2058 19 i W 1, FhE B R R R AR, 11—

http ; //www.ecologica.cn



21 4 TR A VLI OC R T M SR AR SR A UL B e S A 8 W) L —— LAHR B 37 X 451] 9035

10 miE BEHTTE 10 H AR b & | 2 DR I e S B A i b B 25

Zou %125 Zhang S PR BE WA KA T 7 A RN /N FUBRE AR B OB 9T R, 45 B K AV 5 RN S i )
SCT IS E AR KB ] B, 5 R 2003 4R S5 AR B B AT AR BT 8 2003 4F S5 PN MEST 4 Hh 8R 21 58 4 EE 1Y
A B A SR SE B R A (R B 13, %R HIA 9 H 15 H(AFIN AR HAE 258 K) EI 11 H 4 H(AEHSRH R
308 K ), FiMEAS ] AR I E R & H I, ADEE 1990—2019 4F 5% 30 MEMY /0 =25 ( 3 3) (I BRI AR |
B ATy S BAT-A5y | A T30 28 P 0] i 11 300 A 47453, ST 450 {E ¥4 Ach w3 B ks o B X[ 5 i S 228 B[] v
ol O I AT A7y, HST BB 33 A T AN B sl (s B X ) (& 12)

A A
360 12— mEfR
o 1110 mife
S 340 M4 A 10— 9 mpgfe
g ® ¢ A A S ®
g on 4
=}
= 320 H ®
s 44,4 " N
=E o om N ® *4
zZg 300 g | o P4 :: :: ' A 4 4
= . [ A% o f“ Al e
7 2 " [l ] Sn &
E 280 H . ]
=}
] ° [ ]
2 260 1
g Y 'R
L)
s 240H | T
Q
E
& 220 H %
200
(= o < el 0 [=1 [} < O 0 (=] o < =l 0
(=) (=) (=) (=) (=) (=1 (=3 (=2 (=3 (=3 — — — — —
(=)} [=)) (=)} (=)} (=)} (=] (=] (=] (=] f=3 (=} f=} (=3 (=} (=}
— — — — — (o] (o] N N [\ [\ [\ [\ [\ [\
A4y Year

Bl 12 1990—2019 FillH S 125 H T iE
Fig.12 Mudflat elevation zone exposure times from 1990 to 2019
TREFETE R B g S YN RE 4 25 I 1] 23 1

R3 1990——2019 F il tH TR 5 2
Table 3 Classification of mudflat exposure time from 1990 to 2019

4 82 I 1] BRI (8] H 2 I ] th 82 I (] R I ] th 2 I 1]
WEEARS i AR A0 AR AR P A7y
Year with suitable Years with early Years with late Year with suitable Years with early Years with late
exposure time exposure exposure exposure time exposure exposure

1991 1992 1990 2010 2018 1998
2003 2006 1993 2012 2019 1999
2004 2011 1994 2014 2000
2007 2013 1995 2017 2001
2008 2015 1996 2002
2009 2016 1997

4.3 JERASE AR EI

A A i T8 B AR 7K 3, M 5 i R 1% ol IR LS B 508 ) 8 1t — AR R Bk R
BT O 2 i R 52 AR T SR AL, S AT RE T e A By BRI SR KU . 255 A AR R Bl 7S
BRAU SO B RE PP AR, AT A RLR JLI7 T A B AR AP O A DG -, — 2 20 07 HB R 1 AR 355
T REANA B = e K CH: B3 K PRI BE AU, 4545 3 P A R K SCAR B B TR B AT BT JRE B P IR B, IS
EARIEAR BRI 12 m S RPN RETT 4R SR I 7R 9 A 15 HATS (AR AR H 2R 258 K) , 11 m m el

http ; //www.ecologica.cn



9036 JAE = 43 4

WEFF o 1 S B Tl 4 i 72 10 H ), 10 m SRR PNMEZE 11 H 4 H (AEN AR H S 308 2K) Hin i 5 , il v i 5%
I PR Ah 3 ‘L S S ) 7 1 R X i < K SO A — AR AR KO T S B AR S R, R
P SRS IR R B, 338 B 5B ATTKE HUIE . 2001—2010 4F ) , % BH 5 R 20 1 ARG Bl K 20 4 260.4 km? | %
WP RIE 4.95 m, SRAPEEAE] 1.29x10° m* 7 #RE LU R R 342 m® P SREPTE She K T K i
AT, IR T ARG R, QSRA & SR, AR S LA KSR 2 — 2D B A , U 1 o Ak S22 1T, B A A= 55 4%
JRMELLUA K PRI 2% ARG DX L P SR B DT W A 45 R, B 98 6 AT KGE PN A5 T 400 T3 26 B
ARt , A TATHE A VT AKGE A 7K I BEL T R 26 338 0 T 39 1% 3 24 40 s AR KA, I K N T v A AR

5 it

ARSCHE T R ANIR A oK By 3 UL L ST 18 bl 2 5 0A T BE, A0S 48 B TR B 48 9 5 AR XS T
“IRSC— NP — S B SC R BE AR 48R T UL SC R KBl R e LR Ak Jmy s 25 | AR B B RE ARk, %
MR RS G OC R . BIFSEAS R 12003 4F 5 P FH IR 2= gt /K, Y E H B 42 1, B R RIR Y 5k, S A
JREZERPRESR A T 5 5 A B B DRI FOA SR o AR Bt 48 FH A A A7 S el v o o ik — A 4R T, K
TEAS AT A i B 52 AR R MR S A, 20 MR A B W B et Py XS AR oA T AR A M SIS A A Jm U
Er MBS AT e 5 =W O B IR PERE 456 4 7 AN TRDK SCAR B A TR 3 70 DU T A 9 12 ] i
% SR RS AN ], N T BEAB S ATIK IS M | i 4o 28 v /K A3 3 P G K Sz T ¥, T P A Y £ 52 ARk
AR A A TR

£ 3CHf ( References)

] EEAE. FRHER A R EEATSE (D], M S A K, 2017,
1 X BHBE A BARAE, 1993, 5(1) : 96-97.
] XIWet, whdT, EHEA, U, RITRAR LA R0 G 0 T 25 . b KR K B2 T BE %3k, 2021, 19(2) : 201-209.
1 AREEE, XEMSEE, BPhz, SRFH. BRBHI SRV T PR RS Bl R AR EH R . RN BRERE, 2017, 47(8) . 856-870.
[5] Aak, REME ZWoKE T WL 5165 T REH. KITBR#R bk, 2014, 31(2) : 98-107.
1 TR, o0, Bk, BGE. BRW5SKIICR K ERE KRR, KR, 2012, 43(2) ; 175-181.
]SRN, ARE L. BEEAWIK AR 30 AR LIRS R 0. KTLHIBSEE SR8, 2019, 28(8) : 1947-1955.
1 WE, BoAREE, HIRMS, 23R, BORHHIEA S A S A SO UEST. RIS IR 530458, 2014, 23(3) : 407-414.
1 BRI B X P R A i S AR 2 i ST D] dEET. dERTplk k2, 2013.
[10] HEAE. BHEBIKSCYH A K S E R M5 A m [ D], Jbat. P EBEEE, 2016.
[11] Farags 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.
[12] ZouY A, Tang Y, Xie Y H, Zhao Q H, Zhang H. Response of herbivorous geese to wintering habitat changes: conservation insights from long-term
population monitoring in the East Dongting Lake, China. Regional Environmental Change, 2017, 17(3) ; 879-888.
[13] &G, HAE, TR, Gobig, SouChn. 60 FH M8 A2 & IAE pioE R ) 0. AEZS54R, 2018, 38(21) : 7539-7548.
(147 Wklbree, Z0ra, XUBURK, Mk, sk, B0 TI. AR IR KA T 0028 70 R A /K RIAK 20 06 6 B 25 19 S0 5 IS B vk 1 s BIF o . A 8243,
2021, 41(10) ; 3998-4009.
[15] Wang P, Lai G Y, Li L. Predicting the hydrological impacts of the Poyang Lake project using an EFDC model. Journal of Hydrologic Engineering,
2015, 20(12) : 05015009.
[16] M, FO6HT, &, REE. JET A BT R MR AR 25K SO TS
16(4) : 509-516.
[17]  BRIESA, BREEWA, TRA6 AL, DUERfl, 298, TS, &8k, WIS € JETF R4 K 15 A SEASTHL 0L 980 BE 380 7K AR 41 26 25 4 il K Ar 1. 380
AR, 2020, 32(5); 1519-1528.
(18] M, Jyase, wpkiil, LB, BERHWIK S AR AL R S VIWIK G 24 i G 3R i BRRL2 | 2014, 34(12) . 1488-1496.
[19] 258, Bkkil, Ehede, Z4EF, WE. KITPIHETEinTsoC /R ur s, $nel, 2014, 26(1) : 1-8.
[20] SRZE, RE, REE, ARSE, VFIH. THIOCRI IR FIASE. KR4, 2021, 52(10) ; 1183-1192.

DSBS E 5 0 H AR DR X S A 9. AR %, 2018,

http ; //www.ecologica.cn



21 4 TR A VLI OC R T M SR AR SR A UL B e S A 8 W) L —— LAHR B 37 X 451] 9037

[21]

[22]
[23]
[24]

[25]

[26]

[27]
[28]
[29]
[30]
[31]
[32]
[33]

[34]

[35]
[36]

[37]
[38]
[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]

[49]

[50]

[51]

MR, XUTCHE, BXBEAL, RAESF. BT MODIS 14 750 BH 8 b th A 4 78 b B JC X 7K Aoz fey g 1o A 5. 4 VL 4k 5% UL S PR, 2013, 22(6) -
705-712.

e, RBGE, BSCIE, FIRUBL. 0 MK 25060 ) DX 2 R Ak K 47 K 3l K BT IABIESE. KA, 2018, 49(2) : 156-167.
FEAE, Xge, ARUIE, &0, B FHBIRE L RIS B oK & 2R EhASITY. A SARM IR, 2020, 36(9) : 1149-1153.

BRIESC, ZEH N, B, RS, AL, VLR, SKRER, ZRER. BRBHIIARE R S B AR ORI X F A RIA K S 2R 2. Sk,
2013, 48(4) . 537-547.

Wang W J, Fraser ] D, Chen J K. Distribution and long-term population trends of wintering waterbirds in Poyang Lake, China. Wetlands, 2019, 39
(1):125-135.

KA, AEE R, URLL, W, TKREER, R, TR, RIEK. PP EIR K IIAE AR SR AR SRR SR R R R S RS AR
WIARL, 2019, 31(1) ; 183-194.

XUWLAE, BISERE, Ao, VLG HE PHSTE K P H AR X A AR BEIR 2016-2017 4F RS B . VEPERMEBOR R, 2019.

XUWAE, RS, ASL0HE. YL VURERH IR K9 A SRR X B AR B 2017-2018 4E WE IS R 5. TRPURL#EOR AL, 2019,

XUWLAE , Seligy, BERIE. VLG PH M E S H AR IX A AR BT 2018-2019 4R MR . 79 & . VLPGRRAEOR AR, 2019.

XML | AES, B, YL HR W) 5 B SRR X AR BEIR 2019-2020 4F IR . #E A TLPURMAHOR HARAL, 2020.

W, XM, 230R, HK, #hbl, TAA. BRERMIKE I 2 SRR N 04T, AKFIZ£4, 2021, 52(9) : 1082-1090.

Jin LR, Sun K P, He HS, Zhou Y F. Research advances in habitat suitability index model. Chinese Journal of Ecology, 2008, 27(5) .841-846.
Chen X J, Feng B, Xu L X. A comparative study on habitat suitability index of bigeye tuna, Thunnus obesus in the Indian Ocean. Journal of Fishery
Sciences of China (in Chinese) , 2008, 15(2) : 269-278.

K, TICHE, BHEE, AU, BRC JCUL-ZRANTT R P R A B TP —— S T2 2 RE ORI b, AR AR, 2022, 42
(12): 5067-5078.

Tk, PR, Mmoo, 56T NSRRI [ 2 9 B AR D7 DXCPS TS S8 A B T AN . S bRt , 2009, 7(3) : 197-201.

Wl Ag, arichy, BB, B4kLr, FhAEE, VERE . PR X IR A HETS 28 4 A 5 B, TLVT AR K 244, 2009, 31(4) : 760-
764, T71.

BT, B, XIBERE, O0UR, BN, BT BT KA BE Y 3R H W O S s R A A B K2R, 2019, 50(2) : 252-262.
ZEAGE, oA, AR B PH T A O s R R SO S AR I TR KI5 305, 2012, 21(3) : 296-301.

Mu S J, Yang G S, Xu X B, Wan R R, Li B. Assessing the inundation dynamics and its impacts on habitat suitability in Poyang Lake based on
integrating Landsat and MODIS observations. Science of the Total Environment, 2022, 834. 154936.

Xia S X, Wang Y Y, Lei G, Liu Y, Lei J Y, XiuboYu, Wen L, Zhou Y M. Restriction of herbivorous waterbird distributions in the middle and
Lower Yangtze River floodplain in view of hydrological isolation. Wetlands, 2017, 37(1) : 79-88.

E 2. BB NDVI 254k S84 e S i 23 A3 A (Y C R BF X[ D] 7 B . TLP9IRE R, 2011.

ORI, B, 2. Juat. JURtIRE R R, 2006.

=L, AFF, T8 SRS R ( Carer) S K HOK SR AL AR, 2017, 29(4) ; 870-879.

KA. BEPHMIRASY. LI, BISRLEHOR R, 1988.

A6, WM. HOE - KOSC - k. dba: B, 2017

R FEBBHIEAAR 5 U B PRI IEE AR A A= A5 B 9T [ D] B TLPE IR, 2016.

Zhao M J, Cong P H, Barter M, Fox A D, Cao L. The changing abundance and distribution of Greater White-fronted Geese Anser albifrons in the
Yangtze River floodplain: impacts of recent hydrological changes. Bird Conservation International, 2012, 22(2) ; 135-143.

Zhang P'Y, Zou Y A, Xie Y H, Zhang S Q, Zhu F, Chen X S, Li F, Deng Z M, Yao Y, Song Y C. Phenological mismatch caused by water
regime change may explain the population variation of the vulnerable lesser white-fronted goose in east Dongting Lake, China. Ecological Indicators,
2021, 127. 107776.

IR, LRI BB ph S KoK SCAE SN, KRR BE A . h3E3C, 2022, 53(6) : 66-78.

R, ke, BIER, KFFH, T, REE, REAHE. 2001—2010 45 &6 BH IR ADBIUA J K SCIR VDA% 8. M4, 2015, 70(5) .
837-845.

JHHEZE, 5 G TR PH I I A R B i) 1 e ol s . K BEIRERY, 2019, 35(2) : 1-12.

http ; //www.ecologica.cn



