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HE EA DR ERKFERESRR, HASHREXEMAKAD IRYHRA., HIFNAE
AV E T ORI A S RE, KA 2023 FEAED B 3 A RENE T 0 EE AR KA
M. KB AKFRIEE TS 5048, Al AMBI. M-AMBI., BOPA ¥ Shannon-Wiener % £ 14 45 #t % ¥ 3,
I A R SATIEN 4000 R & 4 38 BP0 Am v 1 58— 09 3R, X a4 AF 4 4 38 8RR A
MHE LA E W B(CB)R A — M A vE, RIS ANNEZ KRAEESIFMHHEP)HETERRBIE. 458
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BT AL T il A0 Ak, SRR S5 IR K 5K
ARG RS, SR i s B B Al HLAT & 2L B
A0 PR 55 I 22 B (19 A2 38 R G2 (Li et al, 2024, Hu et al,
2024), HE ] PR K IRV TR H R A T TR AR
6 A IFHA4E h b AR, S KEIRK . B3R, R
VA T B N X BT 1 IR A A S EREE P AR R
SR (Li et al, 2011; Liu, 2015), H§Y, X098k 8 7»
X B AT 11 9 a5 ) ) AF 5 22 B v TR TR B W) (Liu e
al, 2023). 7% i Hi %) (Zhang et al, 2021), & 4 )&
(Chen et al, 2021), VIR (B ERESE, 2024) 55 4E W)
R AT R T8T, A8 6 I A 10 3 1] T 1 TRk
A 25 B i AR A T RIS R R T B — L W R Bk
Xof AR 25 R HEA TP (Ren et al, 2016; Li et al, 2020).

KA AR B4 2 eIl gl A 28 R e v 2 i
JEL RS 53, AK-TURRY) ST ) B A i AR B . 1%
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R AU B0 ) 10 175 7 A R, X v BR B Y 52284k
WU (Ryu et al, 2011), VE MRS BTN
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[ — Vg Bl PR A A BT A B, S [R] A9 2E ) s nT fig
S A SR AE A o AR DU AT DA 3 S (A 5
WIS AR A SUE B, A B 2 S TR AR A, AT
B 255 A W) 48 BX (comprehensive biological index,
CBI) R i 58— BTN FRUE CR S/ 55, 2020; BhFT 45,
2024).

H A 2] DR A S B PPN R K2 R
A MR BTN (2D SR, 2017; 3K S, 2017),
LR K IR 300 T o] 11 3 el B 5 A 25 o A Ak i F
e/, I, WFIE N2 20 (1) B2 K R 70 1
(i) KT AR S WV FEAE, JE o Hr HemT . L R
b2 A8 4k (2) R 4 A= )48 5500 sy TR B AR
BTN, 28R R EGEA  CBI #1748
BV, 4G RS TR e CBI Al 171, A
SR BT w0 1 R 5 AR A B AL
2, N EC KRS TR E SRS

1 ARXEMTE

1.1 HREREREFEFE

2023 AEPIKIH TP ET(6 H 15~20 H). (7 H
14~17 H). Jaii8 A 15~28 H)FH L E 12
AL, AT 3 IR KRG 39 B 27K 38
B 7R, P A G R 119°06700” ~119°40741"E
37°30'00”~38°13" 12N, ¥ 2 X I K 3k 137 43 U 14l
1o A s 57 2446 ] 0.05 m? I3} 2R 8 2% R 4E 4 K
JEEVE, JIETRFESFE 0.5 mm 20 H BLIZ T Uk, AR W RE A
28 5% FH I U KO VR G ST ] S0 % E AT A0 2R
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Fig.1 Sampling stations in the sea area of the

Yellow River Estuary

I A 3000 5 A 0032 67 JES 2 7K (TR RS I3 1= 2 m) 3R 3%
KF 41 F: % f# 4 (DO), pH, COD. JHLE(DIN),
16 VE B B2 £R (DIP) . 7 1l 28 BT & Wk B2 (Oil) . H &R
(Pb. Cd. Cu. Zn. Hg. As). FEA R HE$E
PR PR A FLIE ) (GB/T 12763—2007)414T o
1.2 EIESH
121 RAUSHI SRR S5 W24 KRG
W C2 W ALACRAE R 2 Fh KA 2l 4, ks 28
OB AR AL . AN TRIJE A I A B DL AR AR
5 10 T A8 34 8 8 B0 () i 2 (TR JE AL 55, 1989), ¥=0.02
I, AZ YRR R
Y=(n/N)xf; , (1)
FhBETE B % E M Jaccard T 7% 2H J& AH 0 Mk 48 %
(Coefficient of Community, CC) ¥ Sz B i 7K 1 ¥ 1 7]
RAVEAR SRR 0 R o2 AR A (s AR 5, 2024):
E=A/(A+B), )
CC=S/(S/+Si—Sy) » 3)
o, m 385§ MR AARER, N oA A S A R A B
Y SASRECH, £ 3R AL A L Y s B
R A AW IR BN [ R ECE , B oA H R
(I AH IR E 5 S, S WA W T [ 2 b 2588, S,
Sy 43 27 WA W I ] 45 AT AR 2R, s L
CC 2} 0~0.25 BHEES I AN FRL; 0.25~0.50 B HE 1]
ASAHAL; 0.50~0.75 B FE 7 TR AHBL, 0.75~1.00 B[]
AL
FIIH & 4 22 50 )7 2257 BT (PERMANOVA) X AN [R]
s 0 K TR JEC AV sl ) BV 5 R EA T S S PR AG 56, A
H 41 LL AT AT (SIMPER ) A6 56 B 7 445 #4) 722 A6 119 32 22 ST ik
VIRl S BT BT D R ECE SEAT 1ot 1) B, DARR AR
Ui {EL A9 52 ), 13 4 B il ] R 4.3.3 5/ Vegan 2
SEHL
122 EWZRESNT IRV R [
R RY AT 2l W) 1 ) b 2 R M 4 2L, f0 45 Shannon-
Weiner #§ 21 (/{") (Shannon, 1948), Margalef F & i
18 B (d) (Margalef, 1958). Pielou ¥ %] i 45§ % (J")
(Pielou, 1966). Simpson $5 % (D) (Simpson, 1949), /A
AT P
H=— ipi InP;, (4)

i=1
d=(S-1)/InN , (5)
J=H'/InS , (6)
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D=1- i(n,—/N)z, @)
i=1

3, S ARV fh v R R S P Fh 3 L, POl
i TG 340 ) AR E5 IS e B o PR 3h 0 A1k
B EAE, N AT S 57 KRR sh 4 6 S AR%L, ni i
S50 AR, R R BT R R 4.3.3 B
Vegan 258 1l o

1.2.3 U K R 8 = OF M FH P9 % 4R 5
(Nemerow, 1974)%} Wil )2 12 DK SR AR AT
ZEA T, IR 18 U 38 T K R R BE 0 IR 795 e 48
BT K IR EE 505 YR 88, ReA AU WK AR S
IRBEAR S . MR A I A VI RE X K 43, WA B2
C2. C3, D2, D3, E2. E3 i TRy X K
IKIK STARAEN(GB3097—1997) 1 i) — 25 /K ST bR, B4
C4. D4. E4 i T4 FR5H X R F Z 2K Bidnife, B3
DT 1T IXCR I PUSOK Bibrif . R AT

G
Pi—?l_ , (8)

Priax+Da
p— max2 avg 7 ©9)

P, P BTG QAR R, € o i A e i Sl
WL, S, NeR i RIS RPN AR ER JEE, P o N 2
TEEL, Pmax T Pave N 5K 715 B8 B B AR A2
B WHEPIEEOTMPRENLSR 1.

®1 KERGEEFNIRE

Tab.l Comprehensive evaluation criteria for water quality

WY WO RS PSR EET
GRS I I 1 I\ BV
P 0~0.6  0.6~1.0  1~2.6  2.6~5 P>5

1.2.4 EBFE R R BOPA 455, H'
6% AMBI 48 5URT M-AMBI 5 B0 £ W 0 328 437 1k
AR

BOPA (benthic opportunistic polychaetes amphipods,
e s ¥ 2 B 2RAL 2 Fh A 2 B 3h )48 8Ok 2R
B R, HAH B & B S 55 iR 1k ; H' (Shannnon-
Wiener) ¥) Filt 22 A P 418 250, JHCAEL R 3R ] A 25 20 35
U AMBI 8 B Al JEE A 8l 0 0] 410 3l 52 B2 19 A [8] 23
Jg 5 R T AMBI=[(0XEG 1 %)+(1.5<EG Il %)+
(BXEG Il %)+ (4.5xEG IV %)+ (6XEG V %)]/100; H:
EG I Jy T gl ¥y i 42 82, BG I TP A g il
Yodh 1, EG 4 T4 52 R FhF 2, EGIV o —Fir
PlWFlh £, EGV N —Brdl=Yflh £ . M-AMBI

TREUETE AMBI 458 800 5L il 125 84 Fh 3= B Fn i)
ZAEPESRBGE S K 173 T 75, AMBI Al M-AMBI 45
U H AMBI V6.0 #4115 58 i (https: //ambi.azti.es; K
FH 2022 455 JTH0RE B o R KR 10 1 e 3000 3k 437 4%
FRBUEB RPN AR IEILER 2. BOPA $880A AN

BOPAzlg(ffil +1), (10)
A

o, £, IR VERE i b 2 B2EHL TR A AR S R
JEA S S A AR P AL f D TG bt v i 2 H 3
PR R B S AR LU AL

Fz2 KBS HAE R S E S REITFN IR

Tab.2 Ecological evaluation criteria for Yellow River Estuary
during water and sediment discharge regulation

WEE B Hh ey %
M-AMBI 0.77~1.00 0.53~0.77 0.38~0.53 0.20~0.38 0~0.2
H' >4 3~4 2~3 1~2 0~1
AMBI 0~1.2 1.2~3.3 3.3~5.0 5.0~6.0 6.0~7.0
BOPA 0~0.46 0.46~0.14 0.14~0.20 0.20~0.27 0.27~0.30
CBI 0.8~1 0.6~0.8 0.4~0.6 0.2~0.4 0~0.2
1.2.5 LA A dE Hokh i 18 3 B AL X BOPA |

H'. AMBI 1 M-AMBI VU 45 508 0 45 A2 W 48 50
R, S8 EONMAGT R 2N 812541650 CBI, 2K
HRAE CBIAEFE 0~1 114315 B P 0 45 43 F 1 s 1 /K R v
0] 04 A 25 R R VR AR, AR S T PPN A o R 2
UONME. B AR B2 25 Rk (F 2). CBI
REC TR T (WhETSE, 2024):
(1) 25 F8 A T4 22 v fh Ak
Xjj— Xin/Xmax — Ximin (E TR FR)
Xonax = X/ Xinax = Xonins (LI HE)

5= z (11)
Pi= &S,
] Zi:lzij
(2) PHr R bR BT
1 n
ejz—m;P,-jlnPij, (12)
(3) AR B ITUAREE
di=1-ej, (13)
(4) Wi PEM TR PR IE AL
d;
RSt (4
i=177
(5) LA HEYTE %L CBI
CBI= N W;iZjj o (15)

i=1
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o, X Mz AR @ A WIS RS R AE R R
FRUEAE, Xinax F1 Xonin 23 BIAIZ G 57 I A A2 06 20rb 1)
KRR /IME, p; IS @ A WIS FESS R At
BT, e S ER R AR YR B, HAE O,
UL bR S R R B, SRR B R 2, 4 RN
J R E YRR RO 25 5 R B 25 R REGER R AE bR
ARG BBZ, w, K5 j A YIHE B AL E, CBI
HEEETEB, BE AL FE 1 Excell(2016)F1 R 4.3.3 %%
1 Vegan 158 1,

2 #®#R

2.1 AR HA R K B R AR Sh b A AR R B R 4
FIHFE
T KR V31 ) BT 1V 3 Uk A L s RS
Wish¥y 134 Fp, G045 2 E25 44 Fh . B sh 4 Fh .
WIS 39 Fh . #iRzhY) 41 F . HABZE 6 B JEK
JHUPHT . L S5 S MRS IR 80 Bl 83 Al

M2
°P1
a 200 400 69p oP2

2 00 oP3
’ooo oP4
0 ep5

0 200 00

P2

78 Bl K IEYDIA RN YRR 4 (ind /m*) 2ZE AL LI 2a.
KR OC T8 B () i BV A D3, i
W R DR 2R 5 HWITb AR (Glycinde gurjanovae) .
4l K 3% L (Iphinoe tenera), = T W % Yt 12 (Eulima
maria). YLJVBPRIA (Moerella jedoensis) . M )T H
H 4 % 1 U (Siphonodentalium
Jjaponicum), Y {54359 0.14. 0.06. 0.05, 0.04. 0.03,
0.02; T PL S 2R TET H W) vh A . VL WA |
MACEE R . HARE M I BRI 58 2 (Protankyra
bidentata). W W 45 (Endopleura lubrica), Y {H 53 5] K
0.15, 0.06. 0.04, 0.04. 0.03, 0.03; J5 WKy Fhs%E
THW AR HARE MU TP R kb E
/NI A MU (Cryptonome
RS ER ., P EAES R
(Sternaspis chinensis), Y {H 43 %24 0.06. 0.03. 0.03,
0.03, 0.03, 0.02., 0.02, JAZKJAVH AR i3 51 AH
o 3 YRR ] DL - I (ind /)53 A UL 2D

(Sigambra bassi) .

(Glycera  capitata) .

parvecarunculata) .

162 Elspt
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-
o
o

(4]
o
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Fig.2 Changes in macrobenthic species abundance (ind./m?) (a) and dominant species distribution (b) in the Yellow River Estuary
during water and sediment discharge regulation

Pl 2B P2: W BhY); P3: kshYy; P4: iRz 3, PS: Hifh2s, Spl: ELGA T, Sp2: W E AR ST ; Sp3: L35 H Wb A, Spa: i
§i25; SpS5: YL AMRIA; Sp6: TR &6 Sp7: NG Sp8: H ARG /4 I1; Sp9: kWb 7%; Sp10: 40K 3 ; Spl11: /e Aan d

Jaccard F8 0T 45 5 07 VA 2K R V0 3 ] R RIS
W 3h P #E V% ] CC ¥ 4bF 0.25~0.50, = 30 A HH AU
(3% 3)o A I (R A0 A R 3P 21 R 38.28%, A
TR WY S, AT A A T Ay 33.75%, AH
SRR 27 Fh 5 S AR R 37.35%,
AR A 31 Bl BTSSR T Rk 43.75%,

FHSEYIFNN 35 Fh (R 3).

PERMANOVA 341 8 718 V8 7K V0 45 Bof 300 o 7 245
M HA 21 2% 7 P<0.05 (% 3), SIMPER 451 R
HIS RIS 09 SR A 72.27%, T 5 )5
H76.43%, B 5 RN 78.72%, Rt wik Rt
50% 5B R 2 Z2 BIFBARZ )
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Tab.3 Similarity and species turnover rate of macrobenthic
communities in the Yellow River Estuary

] A B El% cc R’ P

M1~M2 27 53 3375 048  0.064  0.04
M2~M3 31 52 3735 048  0.076  0.01
M1~M3 35 45 4375 040  0.098  0.01

T MIL: JEK VDRI M2: TR KRV e M3: K TS
) Az A S AN B: AR RN B RO (%); CC: BFIE 41
ML T8 5 PERMANOVA Kt R {8k R 2117 22 il K, P<
0.05 B EA I M2

2.2 EYESHMEHSN

] A 3 (] BT TR SR R R R (A . )
5] BEFEEL(J) M Simpson F8EU(D) AL A &L . B .
o E R AR U 0l 4.4840.85, 4.42+
1.26 Fl 4.55+0.82; 1 5] FE 45 %0 73 7 4 0.82+0.12,
0.76+0.11 F1 0.88+0.05; Simpson $& %4> % & 0.85+
0.11, 0.80+0.12 #1 0.89+0.02 (/& 3).
2.3 ENOBKREREEN

JIG 2 /K P85 R - W D 245 58 UL 3% 4, R i 2 48
BT BT 1 Vg K PR T HEA T PR A, 45 R R, IRIK
WYSHET . T E S48 1,09, 1.31 Fil 1.01,

118°40" 119°20" 120°00'E

S TR G JRA . AT 58.33% bz ah TR
FETS JLIRAS; TP B4 s (i Ah T RS J5 1K
IR AT Tl 7, 50% B3l 87 Ak T35 5 BT T RS
A5 1] 25 8 4503 S PP AR L WL K] 4a
2.4 EAOBEESRETN

i1 Shannon-Weiner $8#0(H )X 45 Wi vl 57 2547

R4 FKEIEAE R EEIMER F T
Tab.4 Changes of environmental variables in Yellow River
Estuary during water and sediment discharge regulation

118°40" 119°20"
T T

g A PRV R KA PRI S
DO/(mg/L) 7.520.44 6.36+0.27 6.52+0.58
pH 8.2240.06 8.37+0.04 8.14+0.1
DIP/(pg/L) 0.003+0.001  0.005£0.001  0.003+0.002
DIN/(pg/L) 0.33+0.1 0.3140.2 0.16+0.13
COD/(mg/L) 0.14+0.01 1.41%0.32 1.3540.39
Oil/(mg/L) 0.04+0.01 0.03+0.01 0.02+0.01
As/(mg/L) 2.78+0.14 3.05+0.13 3.06£0.2
Cd/(mg/L) 0.14+0.01 0.15+0.03 0.13+0.01
Cu/(mg/L) 2.4540.15 2.5140.15 2.65+0.12
Hg/(mg/L) 0.04+0.01 0.05+0.01 0.04+0.01
Pb/(mg/L) 1.1820.09 1.63+0.18 1.1940.07
Zn/(mg/L) 33.2143.64 38.3142.86 37.7542.27
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Fig.3 Diversity index of large benthic animal communities in the vicinity of the Yellow River Estuary during water
and sediment discharge regulation period
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A TS TR T, A WIS 0 HORSE YA R 2.42, B
MG S IRTE B4 Sl 1.42, 91.67% Bl b4, A= 28
JoTt AR A TSRS S 2.23, Hi B3
B4, C4. D2 WA HAEAR T 2.0, 4= 25 B 0F
SR &= R VA s Bl R NN I S U VA £
66.67%; Ji WS- K 2.53, Fr A w0 H{E YT
2.0, AEATHITH R AR (1E] 4b).

Hi. . JEHIE9 BOPA $8 50T %14 0.12,
0.17 F10.17, Wiy A= 25 BT f 3 A4~ B SR PN Ry
R P8 PaE ari R ARE B BLTE B3 a7, K
0.21, A FH 2R3 Hhil] D2 3 AR A 2%, B4 Fl E2
A FEEFRRAS, A P SR RORASS A7 R 41.67%
33.33%; Ja (¥ D3 1 E3 iR WK, 36.36%
F145.45% By AIAL T AR SRS (A 4c)

3 W W AMBI 218 5300 1,99, 232,
214, HIHA B4 SiLRANE, Fopbsh 0735k ) i
B4 H D2 i i VEH Ry o A, HAB S AL O B L

83.33%; J& W BT A 1 sl 57 4 4k T R 4IRS (B 4d).
WM ) M-AMBI F-2#{H°% 0.80. 0.74 1 0.78, 7K
TR VD 3 ) A5 Wl A PE AN AR X AR B R . A Y
66.67% IS AL R, 33.33% M K HIAY D2 i
b F A 2R A, YEM R OE . R4 A H s
58.33%. 33.33%; Ji WA 5l 7 PE M A (72.73%) 5K
K (27.27%), WK 4e.

X 4 TP 48 HI0E 1A HE ST 25 A TR 4 2R
(CBD), B . . J5fy CBI F14543 K 0.58. 0.59
1047, BARTEAN SEGI N P AE . BTTEAR o A
B3 ulifii, 2 0.08, PEMAEGL N 22, B2 Fil C2 ulhifi kb T
2R, C4 b Frp SRR A, s R s 5
66.67%; 1] D2 B P 25, B4, B2 kb THEZEIR
A, B3 AT ARRAs, Hpluh (o Mt e K ; 530 B4 N
25, 4 DAL TR, (5 R 36.36%, HARRE
SEAE 2 A, A 18.18%, Hftb s iR M K, &
36.36% (&1 4f).
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Fig.4 Ecological quality indices for the Yellow River Estuary during water and sediment discharge regulation

2.5 MM EERITLE

CBI Zi & A W46 50 5 /K A B K 1) Spearman #H
KA A R 5, th i CBI 48 8 S &8 As.
COD. DIP 2 i #F EAHXK R, 5 CBI #5845 pH
HA W FIEMCER, S A MR R F AL,
CBI 484855 W Fa BN 45 5 — 2, Wos i T 1
AR VD A B R A T rh SR AS (R 6), CBI 154K
WG R RS R S, B WA 2 8 506 B 1

IR R AN 25— B, XA —E R LR IR
UEA YE S A 12 ) 8 ] Y S P 5 A 25 B T
LRE A MR B AT AT

3 e

3.1 REURMZHY I &SR R E T BN
SR KR VD TR AR5, S A TR KA I i A
b A SIS 18] P9 2 R I, X ST 0 RS A A 2



33 BT ER A PRI YD I B BT RS ISR A R P —— S T ORI sh v e ik 791

#= 5 CBIE#HS5IFEREFHY Spearman xR

Tab.5 Spearman correlation coefficients between CBI indices and environmental factors

i CBI As cd CcoD Cu Hg Pb pH Zn DIP DO oil DIN
M1 CBI 0.13 035  -027 -0.09  -0.12  -020  -0.58 -0.12 0.4 0.09 -0.03 0.22
M2 CBI 0.64" 0.32 067"  -0.41 -0.20 033  -031 0.19 059" 0.15 -0.38 -0.24
M3 CBI 0.32 -0.48 0.39 -0.06  —0.45 0.45 0.68"  -0.10 0.18 0.23 -0.67" 0.26

e+ Fon HA WM S (P<0.05)

6 PAEIDHIEEA S EMMEE SRETNER

Tab.6 Results of environmental ecological quality assessment in the Yellow River Estuary during water and sediment discharge regulation

H BOPA AMBI M-AMBI CBI P
"W v wm we | W wE W e W #E W res
Ml 2.42 LEE 0.12 K 1.99 =8 0.80 1 0.58 rh4g: 1.09 RS
M2 2.23 g 0.17 A% 2.31 = 0.77 L 0.59 R4 1.31 B 5 Y
M3 2.53 4 0.17 rhi 2.14 R4 0.80 I 0.47 rpiE 1.01 BTG Y
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ASSESSMENT OF ENVIRONMENTAL AND ECOLOGICAL QUALITY IN THE
YELLOW RIVER ESTUARY DURING WATER AND SEDIMENT REGULATION BASED
ON MACROBENTHIC COMMUNITY

CUI Guang-Xin, LI Shao-Wen, ZHANG Xiao-Min, LI Fan

(Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource
and Environment Research Institute, Yantai 264006, China)

Abstract

The Yellow River Estuary as a vital ecological bridge linking freshwater and marine ecosystems, with its

ecological health significantly impacted by the Yellow River water and sediment regulation project. To assess the

environmental ecological quality of the estuary during this regulation period, data on macrobenthos and bottom water
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environmental factors were collected on three occasions throughout the 2023 water and sediment regulation phase. Four
indices—AMBI, M-AMBI, BOPA, and Shannon-Wiener diversity—were employed to gauge the ecological status of the
estuary. To reconcile the discrepancies in evaluation standards among these biological indices, an endeavor was made to
establish a comprehensive biological index (CBI) using the entropy weight method. This approach aimed to unify the
evaluation criteria across the four indices. Furthermore, the Nemerow Comprehensive Water Quality Evaluation Index (P)
was introduced to validate the results. The survey revealed a total of 133 macrobenthos species belonging to five taxa, with
polychaetes and mollusks emerging as the dominant groups. Notable shifts were observed in the macrobenthos community
structure across the three periods: before, during, and after the water and sediment regulation. During the regulation
period, the benthic ecological quality of the Yellow River Estuary was generally classified as “moderate” or “mildly
polluted”. Pollution levels intensified at stations nearer to the estuary, indicating poorer ecological quality in these areas.
The CBI exhibited a strong correlation with bottom water environmental factors and aligned well with the findings of the
comprehensive water quality evaluation index. The evaluation grades for the ecological status at each monitoring station
were distinctly stratified, demonstrating that the CBI method, constructed using the entropy weight method for various
biological indices, is a viable tool for assessing the environmental ecological quality of the Yellow River Estuary. These
research findings offer fresh perspectives for evaluating the environmental ecological quality of this crucial estuary.

Key words water and sediment discharge regulation; macrobenthic community; ecological quality; comprehensive

biological index; Yellow River Estuary sea area



