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Abstract: Waterbirds are often used as the important indicator species to assess the health of the wetland ecosystem, and
they are vulnerable to wetland degradation and anthropogenic disturbance. With the rapid development of oil extraction in
China’s Bohai Bay, some parts of the waterbird habitats in this bay have been occupied, which may have influence on the
waterbirds in this area. In this study, we selected the Yellow River Delta Nature Reserve (YRD) in Shandong Province as
our study site, and then set 4 sampling areas in YRD for waterbird surveys and further analysis. We used the line transects

to survey waterbirds in YRD at different oil well densities in March, May, June, July and September, 2021, and then
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combined deep learning and visual interpretation to process remote sensing imagery to quantify the density of oil wells.
Generalized linear model was used to analyze the relationship between waterbird abundance and well density and the
distance from oil wells, Mantel analysis was used to check for differences in waterbird community composition, and two-
factor Analysis of Variance (ANOVA) was used to test the effect of well density and distance from oil wells on waterbird
diversity indices. A total of 38994 waterbirds were recorded in the sampling areas in YRD, belonging to 77 species, 14
families, and 7 orders. The results revealed that (1) the Shannon-Wiener index of waterbird community increased as oil
well density increased, while the abundance tended to increase firstly and then decrease. The abundance of shorebirds was
significantly higher in medium-low and medium-high density areas than in low density areas, whereas the abundance of
other waterbirds did not show significant differences. The well density were positively related to the B-diversity of the
waterfow]l community. (2) The Shannon-Wiener index of waterbird community tended to decrease when the distance from oil
wells increased. Specially, the abundance of Anseriformes increased when their distance from oil wells increased whereas
other waterbird showed no significant trends. (3) The interaction between oil well density and distance from oil wells had no
significant effect on the waterbird diversity index. Our study demonstrated that the oil well density has impacts on the
waterbird community diversity and community composition in YRD, which may martly be attributed to the characteristics of
oil extraction and the adaptability of different waterbird groups to human activities. The distance from oil wells also has effect
on the spatial distribution of waterbird communities, and the adaptability of different species to disturbance and their habitat

preferences may be responsible for this effect.

Key Words: oil extraction; waterbirds; spatial distribution; diversity; community composition; Yellow River Delta

National Nature Reserve

R e 10 82 2 ARG P 1 s ) S B PR 22— T R X BT A4 B 4 e )
SR 37 3 i B SCTE T BN, 38 ERFE R R A i AR SRS R (AR S R B R
FETE 1S AFPI BT IR A9 R R AR SR A TRt A T A T DX 3 P S A R R O 5T e GE
V95t e 2 R AL | 3 2 R 19 2 AT 14 43 A AR, I ELF 22 1 AR /0 R A 2 A T 152 it 1 A7 0
TE T FE P A 81 P R e A AR X A 1

AT TSR P 552 0 o A7 S e A ol LA B T B T B S G 8 b ) S 2 B 25 K S A SR R S T
AR 2 S A A B & PR AR P T TR YRR S A T, TR L T I AR D T 509% D I
HE—E R FSEUK S ZREE TR AN, B AEK L (Sporobolus alterniflorus ) BIAAZ ", 4 1] A X 2l
AR DL TR AT ISR RETR BT & AR IR E AL A R EOE R K S B A A A iR it R R B B
IK S SR, B e A A T T R 4 22 s e | X6 7K I A A7 R A AR B™ B ' R R A T T
SRR AL 7 15, X5 7K 2547 2 b P 5 i ) = A 5T R I - R B0 i g Rt 15 it A 15 5 | A A S ek A
DATE 5 32 B8 G TR T % 7K S 06 2t g 5 1510 ) G SR i 8¢ it R B A £ 7 A T Ak - s, 33 ]
TR B3 R S 2 2R I ELERS G S M3 Rl R B S A BE e i 2 T A 1 R BT B — 2R O, T
SR AE K S 7= AR SRR R T AR p A Y SR S0 A R R SR (A TR) A T TR DX P e S 8 A
FEARSE 3, WA, TR S 3E N TR RE A R, ZE U K 5 o0 A A Ut AR I Bl As . SR,
AR A 50 5 A8 T -85 B8 R - BE 2 X 7K 55 12

BECTA] = A YA, T TR V5 e X 2 R T -3 R G 0 5 3 R R 1Y v Aty | 224 5000 J7 U S i
M2z M0 S 40 ARk i DXL T ORI AR A0 o SR, 224 1 OG0 Tl PR 7K 1 5 i A 17 52
FEAE , EA VAL LU AT R IE S b JF R AR W) A IR P SR A R0 S0 DRI AR S By = £ N [
FH A SRORAP DX Ry HE 5 DI I A DX 7K 5 Z2 R | DT 2 3 AR 8 T 0 £ B8 DA A il TR SR Rk 5
ZAEVE R AT RS2 | LU SRy T K B A 255 SR 9 A Y SR A8 B 7 SR SR AR A AR A A8 1 BB IR A 7 K

http ; //www.ecologica.cn



17 4] REMRAF A YA SRR XA I TR 7K 5 2 K o3 B4 52 ) 7159

B AP RS R R
1 HMREE

T = A U R B SRR P X (37°35'—38°12' N, 118°33'—119°20" E) i T ¥ A ¥ 1, 5 i FH
1530 km® , LB B0 AR 1R 2R 38 RGNS S5 28 E BRI 0T 42, 1A 2206 10 150 5 SO R o £ e 342
MEEPT(E ), R X K A RIS TR R T T E AR A Bl R K AR AR R TR, K S Rt
TARFAEE > TR B = A A A R 7 20 el 60 AR LG T ARG s Y S
I R I Rt —— RS R R e A 43 R TR B T T = A U AR AR XA SE R X
P BT A R AR 5538 B R 15, % SR AR5 DX P A 7K S5 A B i A7 I 8 AR Ak >

118945 119°00 119°15
T T T fh;;
B
T o
§ Tl 3
‘ _.‘ ‘ S7201
z % —TREK
SL %A y §
S /,,,// 7 %
0 25km “
i HA A i
o w
o~ | =
o) &
% on
AM‘\ m A o
0 10 km
e 1|
| | |
118°45' 119°00 119°15'E
=AU AR X PWEEX ©

1 EW=FANmFFEAEEX SR E

Fig.1 The distribution of the oil wells and the sampling areas in Yellow River Delta Natural Reserve
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Table 1 The information of sampling areas in Yellow River Delta Natural Reserve
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Names of sampling areas Area of waterbird habitat Types of habitat Area of oil wells
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Fig.2 The distribution of the transect lines and oil wells in the sampling areas
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Fig.7 Differences of Shorebirds abundance at different well densities
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Table 2 Mantel test of well density and distance in relation to waterbird community diversity

A5tk Variables B-ZHEHE B-Diversit

R P
WHFH2HE Ol well density 0.09 <0.01
S H-E 2 Distance from oil well 0.001 >0.05
T2 B < BRI HEBE RS 0il well densityxDistance from oil well 0.001 >0.05
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a P F P F P
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Specie richness
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Abundance
Shannon-Wiener 35 %%
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Table 1 The list of waterbirds in sampling areas

H /Bl WFh 4 B EA5 s P/ Wi IE D Conservation/Endangered status
Order/Family/ Species name abundance 1 China IUCN CITES
JfEJ% H ANSERIFORMES

M5%L Anatidae

TLE Anser fabalis 6 LC
JKHE Anser anser 86 LC
YRR Cygnus olor 17 3 LC
INKAG Cygnus columbianus 35 % LC
KRG Cygnus cygnus 8 — LC
SHEFRN Tadorna tadorna 61 LG
TRKES Tadorna ferruginea 28 LC
TRENS Mareca strepera 129 L.C
B L HS Mareca falcata 12 NT
£43K18 Anas platyrhynchos 364 LC
BEMERS Anas zonorhyncha 791 LC
2T Anas crecca 9 L.C
KL TS Aythya fuligula 1 LC
el Bucephala clangula 50 L.C
BESLBKVPTG Mergellus albellus 140 ' LC
{#4#5 H PODICIPEDIFORMES

FERERL Podicipedidae

IINKBRES Tachybaptus ruficollis 163 LC
L BBRS Podiceps cristatus 93 LC
#J% H GRUIFORMES

BOGEL Rallidae

MUK Gallinula chloropus 1 LC
HE TR Fulica atra 4299 LC
#F} Gruidae

H#S Grus leucogeranus 15 —% CR
PGS Grus japonensis 42 —% EN
%% Grus monacha 6 —% VU
1%J¥ H CHARADRIIFORMES

WiESRE Haematopodidae

WS Haematopus ostralegus 322 NT
S SR Recurvirostridae

SRA KBS Himantopus himantopus 156 LC
S8 Recurvirostra avosetta 945 LC
%%} Charadriidae

411 Pluvialis fulva 1 LC
JRAE Pluvialis squatarola 717 L.C
4 HEFY Charadrius dubius 22 LC
WY Charadrius alexandrinus 1549 LC
F U Charadrius mongolus 25 LC
%} Scolopacidae

APBERS Limnodromus semipalmatus 15 —% NT
SRS Limosa limosa 3515 NT
BERRERG Limosa lapponica 45 NT
RIS Numenius phaeopus 89 LC
FARER 7S Numenius arquata 253 % NT
KAIEY Numenius madagascariensis 73 —% EN
575 Tringa erythropus 232 LC
21 @ Tringa totanus 101 LC
PG Tringa stagnatilis 281 LC
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H /Bl ¥Fh 2 R £ PR3/ Wi G55 9 Conservation/ Endangered status
Order/Family/ Species name abundance F1 [ China IUCN CITES
F @Y Tringa nebularia 155 LC

HIEELRY Tringa ochropus 3 LC

Vo N Tringa glareola 84 L.C

KB ELRS Tringa brevipes 7 NT

TR HY Xenus cinereus 40 LC

WLES Actitis hypoleucos 31 LC

BT Arenaria interpres 2 —% LC

FIERE Calidris tenuirostris 74 —% EN

LI FERY Calidris ruficollis 133 NT

B IVERY Calidris temminckii 71 LC

K REEERS Calidris subminuta 6 LC

RFEUERY Calidris acuminata 142 LC

VA MERES Calidris falcinellus 7 '3 LC

BIGUERS Calidris alpina 3515 LC

L1 3MBERY Phalaropus lobatus 2 LC

FHEEEL Glareolidae

WSHl MY Glareola maldivarum 2 LC

[F} Laridae

ZLWMEWS Chroicocephalus ridibundus 1873 LC

MERS Saundersilarus saundersi 2277 —% VU

WY Ichihyaetus ichthyaetus 1 LC

MRS Larus crassirostris 752 LC

PEAARERKY Larus smithsonianus 358 LC

KEWEMERY Gelochelidon nilotica 1208 LC

21 W E WS Hydroprogne caspia 241 LC

FH A HERY Sternula albifrons 231 LC

W@ HERY Sterna hirundo 158 LC

PIATERG Chlidonias hybrida 74 LC

P TFEIY Chlidonias leucopterus 944 LC

#4J% H CICONIIFORMES

#5F} Ciconiidae

WS Ciconia nigra 4 —2 LC |
K7 Y Ciconia boyciana 456 —% EN 1

%5 H SULIFORMES

J5 5} Phalacrocoracidae

30 598 Phalacrocorax carbo 495 LC
#33% H PELACANIFORMES

A8E} Threskiornithidae

HEE® Platalea leucorodia 14 ft 3 LC I
4B} Ardeidae

W Nycticorax nycticorax 4 LC

W5 Ardeola bacchus 3 LC

495 % Bubulcus ibis 20 LC

B Ardea cinerea 405 LC

R Ardea purpurea 11 LC

KA Ardea alba 173 LC

H% Egretta garzetta 557 LC

— % TR FRZY RN B K — % B R G SR B A Sh ) TUCN . H 5 SRR 5 B 32 S 21 (4,44 535 ( The International Union
for Conservation of Nature Red List of Threatened Species) , CR: # fG#)f critically endangered \EN; i f& ¥ F endangered \ VU 5 f& ¥ vulnerable ,
NT. JEfEYIF near threatened \LC: W& e iF least concern; CITES. Wil f ¥ A5 Sl A7 49 Ff [5] b5 52 55 /A 29 It 5% Convention on International Trade in
Endangered Species, 1 | I 43 5IZR1ZPIF I A CITES 2320 A9 3% 1B 5% 1
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