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Identifying conservation gaps for waterbird habitats in the middle and lower reaches
of the Yangtze River based on diversity hotspots and ecological connectivity
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Abstract: The middle and lower reaches of the Yangtze River are key waterbird habitats along the East Asian — Australasian
Flyway. However, habitat degradation and fragmentation, driven by climate change and human activities, pose severe threats
to waterbird diversity. This study utilized citizen science data and the MaxEnt model to predict potential habitats for 123

waterbird species, identifying biodiversity hotspots as ecological sources. By integrating circuit theory and ecological
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resistance surfaces, we delineated ecological corridors and “pinch points”. The key waterbird habitats, including ecological
sources and pinch points, were overlaid with the existing protected areas to assess conservation gaps. Our results show that:
(1) the total potential area for key waterbird habitats in the middle and lower Yangtze River is 30,322 km?, of which 27,669
km? is ecological source area and 2,653 km? is composed of pinch points; (2) although 26.85% of key habitats are protected,
only 12.24% of ecological pinch points are, indicating a significant gap in the protection of highly connected habitats; (3) the
total area of conservation gaps is 9,417.5 km?, with 44 habitats partially protected and 19 completely unprotected. Based on
the spatial distribution of these gaps, we propose four key conservation strategies: establishing food resource corridors,
optimizing multi-objective management of protected areas, restoring ecological connectivity in critical river sections, and
prioritizing the inclusion of high-biodiversity areas in the protected area network. Incorporating flexible conservation
approaches, such as Other Effective Area-based Conservation Measures (OECMs), can fill gaps in traditional systems and
provide practical solutions for enhancing waterbird diversity conservation.

Keywords: Waterbird diversity; MaxEnt model; ecological connectivity; conservation gaps; the middle and lower reaches of

the Yangtze River

SAEARACFI N SIS0 T AR S R A SRR, N K S 2 R S I B R 02, R B AR R
PIX AR R K S 2R R BRI A T BG4, I BRI B AT AR A W ints), (RGP X 2 Ak
WARAFTE RIRE B 2 H i RN RSP AR RIS, BEATN F4ERK S 22 O E TN, (RE—
SRR R A BRA W) 22 AEPERE S8 ) 5 1, 4 FL A AT 250 X 43 fR 47 48 1  Other Effective Area-based Conservation
Measures, OECMs) 1E N AEAL G (R g N A ) 2 BRI OR3P e A8 Bh R & BRI BEAE it (ndk X 2
5B E SR S HAE RS TN RIIE RIA LTS, 3L OECMs & 31 BTG5 2 1R /K & R4 2%
&, MWMEIE (R 2 Sb R ILEAG RS I X 5. Fit, RSB T HR I FARY R, 2
ERAEY) ZRENE B AR O

KSR IH RN AEZE. RAEREZRAMER S HEZESX (Important Bird and
Biodiversity Areas, IBAs)FIFRHER), FI 7K S¥ &0 w2 SR XM 7%, ©F A T2 EMX IR
& A X . KT RIS A SR 1031, JEF Zonation 3% Marxan FIZS AR SE R 7i%, RefE
TE 2 IR ANORAT 35 3R T IR AK & PR R 58 X451, Wil 73 44588 (Species Distribution Models, SDMs)
B G O AR IR AR B, TN K & I LE 2 A XIRU 6T, SRT, X7V 2 RET R —HE
R B e T, AR T S (B AR RSB R o 7K S I BE AN SRR T 475 5 b ) R 1 e i
P, DR 7S Y R IRAG S IRk, 456 AR ML RN K & 2 AR DX 3R AT I AL A s o
{HRE AR ZS A I, A AU b [ 308 30 5 0 A TR b . = AR B T i X B — )Rl ig s X U891, R0 2
AFh A 2 BEPE R R IR N AR SR O SR X b o BRIk, MK S 2R 5 AR S PR AR
A, VPAG SCHEAE B A O T i, 2 1 ST S B0 PR R 4R T K S LR AR A RO AR

P 3% B V8 S A A X 8 T 9 H ) P 5 R 200, TR R S A A TR T i P R S DGR AU T T A R
. KHBIER SHEAMANEE, ROV AR EE R EE R, /A a8, AL
EACHITEAE . AR IR S, WK SRR T2, ARG, @ ARl i e B g 1 v
W, R BAEAS IS R ock e A (AIAERS e f) , X S ARRET R Em R EX ], 4
IR Y RSB EEMEAAESIIRE LD, BRI LI SO I 5 AR S A R 1

KAVLH T X 2K S E A S, 6 F 8 B EIE, N2 MK SRR T
BRI TEI AT, ARATIAEAE W AR NN AR P 28 (1 DGR S 24 ek, iR SR AR RN 0SB T3 2
i St TR YA 2, S T K SRR AR E ), Mk, AR A REEEE, BT R
KA (Maximum Entropy Model, MaxEnt) 7387 7K & B3 AEAR S 2070« R0 A2 25 U5 b 2 A 25 R H 1)
Je i IR, PRI UK DA S RSB, IR AR A I SR AR R, IR ETARSE
PR FIK 5 2 R R 1 SR



1 HRXER

AT b X AL T KT AR B (24°37'—34°10'N, 106°5'—122°19'E) (Kl 1), BT ERIEERS
i, AETFS0E 14— 18°C, AERE/KEE 1000— 1500 mmeo 134 DMK oA, Wiasfn, WhasE Rk
9.6%I261, MRk T B 44 T —i81 38 SR AE S RS %30 X2 25 P A 76 0 3T K3l I8k (1 S K
S S . ARIERKIT R K S FERE R, S4EEHEIE 100 5 RKSTEMEA, WML, B,
BRAE 100 MUK . HET, KIDP FHhX 87 570 RAEE RS B HRME L EH RGP X L
FgHh e, EERY) 30,422 km?, A EEE 17 4 E PR E VR XA X T T K DA S,
BT 25 R A IR B A AR . — SN R K R RN L, SBUEM L FEEAR AT
ZERO2, BAh, iZHIX IR TR KBRS Y. AR T SR R 2 ), TR E
T KA S e R A @ . DRI, SRR A BRI SRR SR M R B, K R AR AT R R
£ 77,

110°00" % 115°00" 5 120°00" 4%
L ,,—V'ng\f\,\}«
2
8%
Lo
[=1
3
=
=3
=3
S
Lagl
cAE e kuaE
. 4
PRI 8 —
24 A o
e § B A
b p LK & 2
KrA sl DEM (m) =
g T R R | P 3325 E3
B % g e N [T &
0 100 km &©= e {i:-70
A o
=3 o
&1 >
n
(o} T J |
110°0'0" % 115°0'0" 4% 120°0'0" %
1 W KREE
Fig.1 Study area
2 BRI
2.1 MR¥E

211 KB4 RIBIREKS L, i rp E S8 3 0 (www.birdreport.on, 7 I 2024 4F
6 A 28 ENFIAIRAMZ REME(S BN %% (www.gbiforg, 5 H#I: 2024 4 6 H 28 HIKEL T KILH T i
HBIX 2020 4E (0 RAFEHEE. B0, MY SHRIK S ILT, GRS, 20 e MR, R
SRR ELILT; JRIE ChESRSRGHGL TR EHKST 4. K, %EH MaxEnt
R R BB SR B T 5 KT, IR ELAEA R BDURE B B iR AR R TR
R 20 AMBLA AN 1T AR BRR AR, R FE T 2019 4EFT 2021 EMIABEM OB, LA B
JEIT . BABE T 7 H 178123 MKy, 35 86,704 203t (W3 1 . EEAXBEERKS, &


http://www.gbifchina.org)/

5 T B (R 24.39%; TSRS RHIFI R 2, 50 32 FR1 29 F, K S SRR
46.21%. R IF T, EER—ZEFOFQHE LRI (Mergus squamatus)®5 13 1, B KRR
PR AR NREE (Cygnus columbianus)FIABNE (Anser albifrons)ZE 22 F/K S . R TUCN ¥R 4L 544
X, HREN (Aythya baeri)MHES (Leucogeranus leucogeranus)#% 5\ N W f& > (CRIF, MWIE (dnser
cygnoides)§ 9 FON“WIfE” (EN) ¥Fh, NABE (Anser erythropus)=5 10 Fih“ 5 f5” (VU) #if,
2.1.2 A AT MaxEnt BRI HOE AR BRI SRR SRR 3 20 21 M. R
1 B4 R IR T T LS5 008 1 (World Clim, https://worldclim.org/, 2.1 BUA), fHEFEIR . B HEZE. £
PSS 19 NEE, 2N 30" (4 1 km)W 2 F-F50E; HRIF R A B ER R IR R 2 S
HEF & (https://www.resde.cn/) 1] 2020 54 [ 30 m 7r HERECE, ABFFOMIBR 7 @ A, DHBRAE R
IR AT IR X S5, B A OGTE R L MRttt . KR RO AR I Hh 45 AR 5 5& B M 2S; M EarthEnv (www.earthenv.org)
FRECAER 1 km S FEEE . W70 R 5 Z Ak 7 (Variance Inflation Factor, VIF) 7741, LAf#E gRIF 15K 1
ZI % EIRENE R . BT R usdm 0 vifstep(O)RESEIL Y, H I VIF<10 MIERABIH,
RATRIE 14 DIRBERTH TR E GR D .
# 1 25 MaxEnt B P EEHE0R X ik
Tab. 1 Environmental data used in the MaxEnt model and their descriptions
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Fig.3 (A) Model accuracy assessment; (B) Contributions of environmental factors to the habitat suitability of waterbirds, where the

error bars represent the standard deviation of contribution rates calculated separately for 123 waterbird species.
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Fig. 4 Waterbird diversity and ecological sources in the lower Yangtze River basin
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Fig.5 Waterbird comprehensive resistance surface in the lower Yangtze River basin
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Fig.6 Waterbird ecological corridors and pinch points distribution in the lower Yangtze River basin
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Tab.2 Catalog of key conservation gaps in the lower Yangtze River basin
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Tab S1. List of waterbird species used in the MaxEnt model, their occurrence points and potential habitat area

s B =i o T4 oy FBEAE EFRGFPEH IUCNEL sufiE) BEMEHRERKNS
1 PRI [ FIAE| Ly Cygnus olor Mute Swan P =% 28 3,506
2 KRH#E JEHH iy Cygnus cygnus Whooper Swan w — 65 9,217
3 INKHG JEEH HEp S Cygnus columbianus Tundra Swan W —% 1,032 81,184
4 K M e H I A Anser anser Graylag Goose W 726 51,643
5 8 JieE &R H LEp S Anser cygnoides Swan Goose W,P —% EN 670 34,522
6 T iFAE LYe Anser fabalis Bean Goose W 855 54,395
7 RME G JE®H s A Anser serrirostris Tundra Bean Goose W 478 38,911
8 FAUE JETE H EEs: Anser albifrons White-fronted Goose w % 540 69,410
9 /NEABIE JEFH ey S Anser erythropus Lesser White-fronted Goose W -t VU 184 28,566
10 PRGN ERH e} Mergellus albellus Smew w 4 235 35,425
11 TEKON  ERE i Mergus merganser Common Merganser W 276 29,247
12 RAERKYORY R E Py Al Mergus squamatus Chinese Merganser W —4 EN 293 44,748
13 AN R i g F} Mergus serrator Red-breasted Merganser W,P 70 8,467
14 B RRITY JEEH s F} Tadorna tadorna Common Shelduck w 274 27,967
15 IR JERH s s} Tadorna ferruginea Ruddy Shelduck w 621 71,282
16 Lo (FIAE] Ly Nettapus coromandelianus Cotton Pygmy Goose S % 213 68,882
17 BE JEEH ey Aix galericulata Mandarin Duck W,S —% 465 103,850
18 IRME IR JEEH SR} Netta rufina Red-crested Pochard w 34 6,143



s /e H & BT Eye FBEER EFFFEHL IUCNEH SafE) BEMESHERKNST
19 AR ] [ FIAE| Ly Aythya ferina Common Pochard w VU 553 25,710
20 wkEN MER e Aythya baeri Baer’s Pochard w —% CR 352 27,997
21 £ IR Y [ FIAE| Ly Aythya nyroca Ferruginous Duck W,P 281 39,364
22 KL fERHE HE R Aythya fuligula Tufted Duck w,p 555 32,613
23 S JEwH s A} Spatula querquedula Garganey W,P 218 63,072
24 EEMERY (3] S} Spatula clypeata Northern Shoveler W,P 992 31,304
25 TEHE S &R H TS F} Sibirionetta formosa Baikal Teal W,P —% 146 16,958
26 L JiEw B ekt Mareca falcata Falcated Duck W 829 77,848
27 IREETY JEwH s A} Mareca strepera Gadwall w 575 62,818
28 TRETY (3] Ly Mareca penelope Eurasian Wigeon w 496 66,827
29 P JEEH TS} Anas zonorhyncha Chinese Spot-billed Duck R,W 3,257 198,647
30 2 S (3] Ly Anas platyrhynchos Mallard w 2,357 100,828
31 & RS JEEH Py AL Anas acuta Northern Pintail W 477 31,013
32 SRR T H oy Anas crecca Eurasian Teal W 1,668 124,718
33 AN WeRSH  RSRSEl Tachybaptus ruficollis Little Grebe R 5,186 259,395
34 SRS i g BOESH  RSRESA Podiceps cristatus Great Crested Grebe W,P 1,868 48,638
35 pecp oyt ROESH  BORESRL Podiceps auritus Slavonian Grebe wW,P - VU 25 2,596
36 1E Y e Bk Coturnicops exquisitus Swinhoe's Rail w 4 VU 152 13,659
37 W E RS HWEE  BosE Rallus indicus Eastern Water Rail W 200 35,163



s Y =i o T4 oy FBEAE EFRGFPEH IUCNEL sSufiE) BEMSHRERKNS
38 21 iy FH XS e B Zapornia fusca Ruddy-breasted Crake S,P 43 10,672
39 /IN X BEH Bk Zapornia pusilla Baillon’s Crake P 26 56,126
40 AREEY EEH Bk Amaurornis phoenicurus White-breasted Waterhen S 951 31,881
41 KRG BEEH  BeE Gallinula chloropus Common Moorhen S,P 4,661 285,478
42 SR/ HEH  Bogg Fulica atra Common Coot W 1,768 53,161
43 S ¥ H R Leucogeranus leucogeranus Siberian Crane W,P —% CR 453 20,329
44 SERL ¥ H HFL Antigone vipio White-naped Crane W,P —% VU 234 18,957
45 KA I H R Grus grus Common Crane W —% 508 38,313
46 SR % H R Grus monacha Hooded Crane W — Y 748 40,936
47 R YIS PR Ciconia boyciana Oriental Stork S, W —% EN 702 17,958
48 HEE¥ FPIAS] Uy Platalea leucorodia Eurasian Spoonbill W % 998 66,931
49 BIGER #5IEH RORL Platalea minor Black-faced Spoonbill P —% EN 71 7,284
50 PN FPIAS] ELY S Nipponia nippon Crested Ibis R —% EN 170 7,396
51 KR #5IEH HE Botaurus stellaris Eurasian Bittern W,P 276 26,609
52 BTG FENIAS] R Ixobrychus sinensis Yellow Bittern S,p 684 51,332
53 BHEER #5T%H R Ixobrychus eurhythmus Schrenck's Bittern S 57 91,555
54 SEEEHG O H BE Ixobrychus cinnamomeus Cinnamon Bittern S 155 8,638
55 bisaeap i FpIAS| oy Gorsachius magnificus White-eared Night-heron R —4 EN 21 76,233
56 W% FpIAS| oy Nycticorax nycticorax Black-crowned Night-heron S, R 3,550 149,061



L H » NTH T4 REER EXFEPEHR IUCNEH [ BEmESHERKknF

o I H g Butorides striata Green-backed Heron RW 505 26,680
i I H B Ardeola bacchus Chinese Pond Heron R,S,W 2,880 273,827
s I H BR Bubulcus coromandus Cattle Egret R,W 1,318 68,079
I $57% H HE Ardea cinerea Grey Heron R, P 3,040 146,217
i ¥ H R Ardea purpurea Purple Heron S,P 314 56,442
KA I H HE Ardea alba Great Egret S 1,956 170,494
L= I H EH Ardea intermedia Intermediate Egret S 1,306 91,364
Sk #IEH #E} Egretta garzetta Little Egret S 6,273 271,432
T FEPIAS| R Egretta eulophotes Chinese Egret S —% VU 38 1,961
252 4G FEH  ReHSR Pelecanus crispus Dalmatian Pelican W,P —% 56 9,379
3 1 RS H R Phalacrocorax carbo Great Cormorant S,W,P 2,022 60,286
W8 mEH  WiEse Haematopus ostralegus Eurasian Oystercatcher W 32 750
RS BILE  RSMEESRL Ibidorhyncha struthersii Ibisbill R —% 38 7,056
S Y WEE YRR Recurvirostra avosetta Pied Avocet P 862 72,619
HMMKHE  MBEE  xUEESE Himantopus himantopus Black-winged Stilt P 960 55,151
eSS L] % B fE Vanellus vanellus Northern Lapwing W 1,203 118,023
K S H iy Pluvialis fulva Pacific Golden Plover P 185 20,543
Rt i B R Pluvialis squatarola Grey Plover W,P 158 14,353

S ERS iy A=| MR Charadrius dubius Little Ringed Plover W 877 47,077



s Y =i o T4 oy FBEAE EFRGFPEH IUCNEL sSufiE) BEMSHRERKNS
76 FS M H iy Charadrius alexandrinus Kentish Plover W, P 797 67,038
77 F b S| Al Charadrius mongolus Lesser Sand Plover P EN 60 14,157
78 LR R Vs R Charadrius leschenaultii Greater Sand Plover P 70 10,291
79 F MmIEH  ERE Rostratula benghalensis Greater Painted-snipe R 262 61,160
80 HR S % B EEA Numenius phaeopus Whimbrel P 63 2,497
81 NP iEyAE| Ly Numenius minutus Little Curlew P —% 56 18,403
82 A A YAE| HE Rk Numenius arquata Eurasian Curlew w —% 113 268
83 oL YA Ao AL Numenius madagascariensis Far Eastern Curlew P —% EN 26 2,870
84 B I % B (Eor Limosa lapponica Bar-tailed Godwit P 32 185
85 RERER  MEH L Limosa limosa Black-tailed Godwit P 276 33,238
86 A EyAE| HE R Arenaria interpres Ruddy Turnstone P "y 24 2,963
87 KIERY iy A= AR Calidris tenuirostris Great Knot P —% EN 32 2,826
88 ] I 7 7% B EoAL Calidris falcinellus Broad-billed Sandpiper P —% 36 2,675
89 RJEVERY YA AEARL Calidris acuminata Sharp-tailed Sandpiper P VU 114 18,690
90 L Y % B E AL Calidris ferruginea Curlew Sandpiper P 90 14,390
91 KRG ENAE] FEARL Calidris subminuta Long-toed Stint P 190 13,191
92 AR % B sAt Calidris ruficollis Red-necked Stint P 146 4,205
93 = RS ENAE] FEARL Calidris alba Sanderling P 29 166
94 G Y 3= e Calidris alpina Dunlin w 461 39,833
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Scolopax rusticola
Gallinago solitaria
Gallinago stenura
Gallinago megala
Gallinago gallinago
Xenus cinereus
Actitis hypoleucos
Tringa ochropus
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Terek Sandpiper
Common Sandpiper
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Common Greenshank
Common Redshank
Wood Sandpiper
Marsh Sandpiper
Oriental Pratincole

Brown-headed Gull

Black-headed Gull
Saunders’s Gull

Relict Gull
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s Y =i o T4 oy FBEAE EFRGFPEH IUCNEL sSufiE) BEMSHRERKNS
114 T ENAE| R} Ichthyaetus ichthyaetus Pallas's Gull P 23 4,002
115 MRS VA= RS F} Larus crassirostris Black-tailed Gull S,W,P 31 3,964
116 PHAFIVAREYS e H RS F} Larus vegae Vega Gull W 74 19,921
117 1] YA B} Larus schistisagus Slaty-backed Gull w 22 2,074
118 IR T T yAE| R} Gelochelidon nilotica Common Gull-billed Tern R,P 52 6,037
119 4BEE#MK §H Ly Hydroprogne caspia Caspian Tern P 43 5,981
120 FAER  EEH RS 5} Sternula albifrons Little Tern S 107 12,245
121 FEery  EHE R Sterna hirundo Common Tern P 163 21,991
122 S LREAI % B B F} Chlidonias hybrida Whiskered Tern P 993 81,829
123 SR YA [y Chlidonias leucopterus White-winged Tern W,P 218 52,884
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