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Asia-Australasia Flyway, especially for the waders. Twelve typical coastal wetland sites around the Bohai Sea area were
selected to survey the waterbirds in spring from 2016 to 2020. The data was collected about the wader waterfowl community
composition and changes through time and space. The structural equation model was used to analyze the response
relationships between the diversity of waders and the environmental factors, and to evaluate the impact intensity of each
environmental factor. The results showed that: (1) a total of 51 species of 7 families of waders have been recorded, almost
all of which were migrants. These included 1 critically endangered species, 3 endangered species, and 9 near threatened
species at the global level. There were 2 species of the national first-level protected birds and 8 national second-level
protected birds. Dunlin ( Calidris alpine) , Great knot ( Calidris tenuirostris) , Black-tailed godwit ( Limosa limosa) , Grey
plover ( Pluvialis squatarola ) , and Bar-tailed godwit ( Limosa lapponica) had the largest number of individuals. (2)
Estuary wetlands such as the Yellow River Delta in Shandong, Liaohe Estuary in Liaoning, and Beidagang in Tianjin had a
large number of waterfowl species but a small number of waterfowl per unit area. (3) The coastal areas of Cangzhou,
Hebei, the shell dike island of Binzhou, Shandong and its surrounding areas are wetland concentrated areas in the Bohai
Rim area, where there are many species of waterbirds. (4) The comprehensive impact intensity was protection intensity >
food >climate. The establishment of nature reserves is the most effective measure to protect the diversity of waterbirds. (5) It
is recommended to upgrade the Hebei Nandagang Wetland and Bird Provincial Nature Reserve to the national level, expand
the area of Binzhou Shell Beach Island and Wetland National Nature Reserve, and protect the various types of nature at all
levels covering the Yellow River Delta in Shandong and the mouth of the Liao River in Liaoning. With the optimized
integration, the research results can provide a relevant basis for the formulation of protection strategies for waders in the

Bohai Rim.
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Table 1 Survey sites of waterbirds in coastal wetlands of Bohai Rim
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Fig.1 The spatial distribution of waterbirds survey points in coastal wetlands of Bohai Rim
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Fig.2 Conceptual model for the relationship between diversity and environmental factors of curlew waterbird in coastal wetlands of

Bohai Rim
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AL AR 5= U IR (P6) TG 2K S B AR BRAZ AL R 3L 778 H RS IR (P2) (3L 7785 15 -4
MUTIFHZH (P4) JTACICEGTREH (P5) HAREUD , 2 9 3 Fe e , 092K S A2k BoEi A .

x2 REHEEESEMMBERAETER
Table2 Curlew waterbird list in coastal wetlands of Bohai Rim

R KRR AR H EPISRE S

H/&k/Fh Je 2 . . X ) IUCN £T0.4 55 4%
Order/Family/Species Residence type Ma’flf’l“m number of National protection TUCN redlist
individuals annually category

8 H Charadriiformes

(1) #AS%L Rostratulidae

1B Rostratula benghalensis S/P 1

(2) Wifs %+ Haematopodidae

2.9 Haematopus ostralegus P 1281 NT

(3) RYWETSEL Ibidorhynchidae

3.@8MEAES Ibidorhyncha struthersii R 14590 1l

(4) B 75} Recurvirostridae

4. B K JHFES Himantopus himantopus S/p 16025

5. )R W Recurvirostra avosetta S/pP 9116

(5) #HEfBRL Glareolidae

6. E e Glareola maldivarum S/P 73

(6) f5F} Charadriidae

7.0 ZZ 3 Vanellus vanellus P 163 NT
JRKZE 3 Vanellus cinereus S/P 368

9.4 Pluvialis fulva P 18406

10. )k Pluvialis squatarola P 47449

11 KYERIHY Charadrius placidus S/P 121

12.4:0E48 Charadrius dubius S/P 1739

13. 38541 Charadrius alexandrinus S/P 40172

14. 52 Y8 Charadrius mongolus P 1699

15 8KME VP Charadrius leschenaultii P 506

(7) @5%} Scolopacidae

16. 2B ERY Limosa limosa P 49306 NT

17.3ERBIERY Limosa lapponica P 43267 NT

18. /NI Numenius minutus p 1383 I

19. %1497 Numenius phaeopus p 13975

20. FAEHRIFS Numenius arquata P 42487 11 NT

21. K97 Numenius madagascariensis p 25973 i} EN

22 /NS Tringa guitifer P 182 I EN

WIS Tringa nebularia P 6779

24 L1 Tringa totanus p 516

25 %858 Tringa erythropus P 972

26. RS Tringa ochropus P/W 2620

27. M7 Tringa glareola P 933

28 W& S Xenus cinereus p 1044

29 AJUERS Calidris pygmeus p 1 I CR

30.57 Tringa stagnatilis p 11398

31.AL{ Actitis hypoleucos P 1123

32.F A Arenaria interpres P 212 11

33. [ Scolopax rusticola P 5
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F/RL i e @E’aﬁﬁﬁi’n\ﬁxiﬂzﬁ/ﬂ [ﬁ%%?}‘—%ﬁ%ﬂ TUCN 21 6.4 5562
Order/Family/Species Residence type Ma’flf’lum number of National protection IUCN redlist

individuals annually category

34. 5 B IPHE Gallinago gallinago p 67

35.4F B UPHE Gallinago stenura p 8

36.9NVPHE Gallinago solitaria p 3

37. RUHE Gallinago megala P 8

38. ZHHERS Calidris alba P 916

39. 41N RS Calidris canutus P 33167 NT
40.ZLFERY Calidris ruficollis p 14457 NT
A1 KIERY Calidris tenuirostris P 112370 1 EN
42 /NEE#Y Calidris minuta P 13

43 75 MRS Calidris temminckii P 5215

44 K BHERY Calidris subminuta P 20

45 R EER Calidris acuminata p 2443

46. BB ERY Calidris alpina P 125089

47 B WEERY Calidris ferruginea P 6691 NT
48. [R5 Calidris falcinellus P 620 1

49. I3 E Calidris pugnax p 43

50. 2 BERS Limnodromus semipalmatus P 264 I NT
51. 21 SRBEES Phalaropus lobatus p 1856

R: B5,S: BRS, W, Z0%5 P kS ;1. FRK RS, 11 FEK 1R 304 ; CRALSE Critically Endangered ,EN: #if& Endangered ,
NT. TG Near Threatened

350 |
25 - H 300 -
2016 &
” . S 250 b
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2 20r Sol6 & 200 |
) . o 2016
& 15+ ﬁ ﬂ ﬁ i I%I é
i ﬁ H q 100 - 8 T 2016 1 ﬂ
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Fig.3 Statistical map of the species of curlew waterbirds in Fig. 4  Statistical map of quantity per unit area of curlew

coastal wetlands of Bohai Rim waterbirds in coastal wetlands of Bohai Rim

BV XK S 2R 22 R R, 2016—2020 47, 575 27K 5 Z2 P e g 114 DXk 20 1 G e 3 T
HiL X, 4325 A7 DU 4% BOIR A U A L 2R TR = A U e (P12) b i JH Y VIR (P10) | L ZR TN DL 5235 15 1
H(P11) REAERMS IR (PY) (K 5) . 17y gk L (P1) T dbdbam R (PS) T 8 F 5 -
HRVIEE IR L (P4) MISESIOK S ZRE MR, I dbIsET iR (PS)  KHEDU IR Hh (P8 ) f S K 15 Ff
RAEBRA K, SRR AR R A b i K, 10778 1 - RGEVIE S (P2) AT A0 DR (P3) b AR 52
VR (P6) TG E e iR b (P7) (8 A K & SRR AR R E TR 2 2247
3.2 SEM BRI HEE T

ot REWG VMY BIE BN SRR AR R BB B (B 6) G HR BT A R AN 3 R,
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ﬂ-jpjjAj‘ {D]'J %Xj‘ 11@ % /Jﬁé ur] E%{é%ﬁ/ N D[Jjg Fig.5 Statistical map of the diversity of curlew waterbirds in

1.18 =034, SABEXEHEEK S ZREMEN B35 oy coastal wetlands of Bohai Rim
0.33, [HFEFZ M A —0.26 , 10 7 i &%) 324K LI Hb %) B
FA T e P HRAIR, 7K S 2R AR AR

TR X BRI A Ak Sy SRR, Hesh 25 mT A AP s /R S s Ak, 2R 52 R 0.31, Xl ok 5 £
FEPERRIERZ A 034, PRIF SN HA B HA G A 77 38 s G0E FRBAE T, XS @S2k 5 Z2 R PR Rl 52
Wik 0.26, KB AT AL PR HS 2K & Z R R (B2 o 0.38, YIRS S 2K 5 2R 1) LR i ok
0.44 TG AV RN b K R S0 K BB SR TR B R (8714.67 TiA~/m’) ik i, I e sl ¥ (528
A/m?) AR E RSB (91.47 /m®) AR R, K S AR,

*3 ERMGEHR
Table 3 Fitting index of model

ERELN SR pRiE
Indices name Evaluation criterion Results
4 X445 H5 5L Absolute fitting index x2/df <3 1.106

GFI >0.9, ML 1 #lF 0.993

RMSEA <0.05 0.042

AT A FE L Relative fit index NFI >0.9, 3T 1 #hy 0.982
TLI 0.979

CFI 0.998

K45 %% Compact index IFI 0.998
AIC /N T 29.106

ECVI BN 0.493

*2/df: K5 HHEE L, GFLAUA I E R Goodness of Fit Index, RMSEA : #1812 2245 Root Mean Square Error of Approximation , NFI; i3z
A F8%0 Normed Fit Index, TLI: 3% 52-X1 5 W38 5L Tucker-Lewis Index, CFI; L3815 #5654 Comparative Fit Index, IFI; 3 & 1 & #8 $( Incremental Fit
Index, AIC SHE bR 228 Akaike Information Criteri()n,ECVI:Tﬁﬁﬁiy%ﬁE*abﬁ Expected Cross-Validation Index

PR 5 B WA HE DG R B 0.68 , W TETE IR 5 ZHEMERI M2 O 0.3  ELIEEM  0.47 , P £ XA
i 18 Ab ARG L, Horh FAR DRI IX 11 b BRARAPE 2 Ak BB 2 Ak AR 2 b RO 1
Ao FEZRG ARG TR ARG I 12 4k 5 4b 1 Ab, A4S A AR BRI M ) A P RE A S PR I 5 26
ZHE
4 itig

SRR RS R G R W ] P | R e ] S A LR TR AR S5 D AR
AR ST AT DU B IR — BRI R R AW SR PR Il T e TR TS 8 S K S I LU 23 R AR AR, SRR
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Fig.6 Correction model for the relationship between diversity and environmental factors of curlew waterbirds
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