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il 15 A8 St A5 1, (HLAH DG R BRI SR AT B AN A2,
29 7RI S 7l R R PR EI LA

H i B 1A 56 DR HLA O A= 25 52 ) () i
% (Hall et al, 1997; Morello et al, 2005), 3= E 4 %
HUBEALRAR XS BRI IREE | A= W52 i ] 2B 28 R GE Kk
&2 W} ] (Barnette, 2001), T & P #H 56 $iz 18 4 /0 (B: K
45, 2020), ULAb, B—EWHR E (AR - HE g 2 R
FEEOEE 2 T 5 T E N R gt A7 G (TS
4, 2021), R 45 G ZHE PRGN LU TR .
BT, AT 2024 45 6 H 6l W i< A s E SR Al
DX VO IR SR AR DX B RAT IR SR Al DX 12 Al o5, 3
1 3 AT KBRS RIS S5 A RRIE, 256 ABC T4k .
AMBI #l M-AMBI #5825 & PR AR B B ik, DU R DL
PR ] Hp L R e S PRAR LR AR A

1 BRI

1.1 HAREI
WA 0 5 9 L At 46 40°35753.527~40°4870.00" .
ZR% 121°48715.25"~121°55"08.48", JiK i LB b Sl

+ R, W R ASKLI A B SR X AL S
A RAR X (G 5 1~2) . VU A A RS Aol DX (3 1 3~8) AR
AR SRA DX (3 25 9~12), SEAT 1 12 A3l 5 (B 1. BR
AU RAR XA XR84T 5, DU ) 0 IR
3ol DRI AT U8R SRR DX 4787 FH 4t M7 vt R R ol e L 3
FEMLRAL R o 184 BURE T 2024 4 6 H K Y
]I, B PRI A —30
1.2 HmRESLIE

253 5 R 0,025 m? ] 2R Ve 2% E AT U RR
WIoRAE, B R OR AR 4 K, A IR R SR AE B AR
J7 0.1 m?, KESHZE 0.5 mm G W sk IS iV Ok 1
KEVEM SN Y E T 95% 2BV I [ 52 Jo 5 0] 5256 %
PEA TIPS S A RFRE . AR FH 5 [ A 58 2w
5 2 S HOK T Y YSI ProDSS 3037 7K 445 fis
(Sal). /Kifi(Temp). ¥ f#%(DO) S pH SF IR 1 &
JH SM-5A {485 2 g R4 5 7K TR (Dep); 4% 3R a
(chl @)Z% 0.45 pm {1l R 2T 2 0 ik 1 0 =% 2066
FEERINE ; REFIZ 0~5 cm YUY 7 nl SC 46 =,
Mastersizer 3000 IR 43 MG & k42 (MD)
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Fig.1 Sampling sites in Geligang (an intertidal flat)
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d=(S—1)/log, N, (5)
Kb, S BRI H'>3.0, A8 RCIR I R IR
A 2.0<H'<3.0, A= 5% T AR B0 R 52 B Yy 1.0<H'<
2.0, B RS T EETG YL H'<1.0, A BT Ik Ol
S TG Y (#R T T 4, 2002),
1.3.3 REMAEERERZHEREST XK
s R FE AT 1g(x+1) 5 4, F£F Bray-Curtis 4
) ¥ 2 B0 17 B 24 (Cluster) F1E B 7 £ 48 KB
(NMDS)Z 4, H 38 25 (stress) HEATROCRIEAY, stress<
0.2 i, Rn BA — & i B & X (Khalaf er al, 2002).
K A AL 3 BT (Anosim) FTAH L 4 H 43 b B
(Simper) 535l 43 BT B 2L 1] 2 5 1) J 3 1 A4 b Bk
R(RAE, 2018),
1.3.4 ABC i FHF 40 B R B R A R v A2
FI TR . YA ML S A Yl 2 B — kel
Z W AHBE, 22 B KB AT sl W) #F 7% 22 258 20T
T2 B 2 — BT A ih £k, W2 I HoR 2 3
W 2R R A, 2016; XIFISE, 2021),
1.3.5 AMBI fl M-AMBI #5640  AMBI ¥ K ALK
Wizh¥ sy 5 ANESH, A EG T (T suss) .
EG I (T ASUEFM). EG T (THLidZFf). EG IV
(ZBrolaF)F EG V (—Brdla ) (T #o 4E,
2021), M-AMBI 27 HP8 5. PFh 3 5 Hl AMBI

1880 28 & 8 B, PR bR E S BT A A
(2021) (£ 1)

# 1 AMBI 1 M-AMBI 58S R REERERR
Tab.1 AMBI and M-AMBI index classification and
benthic ecological quality

AMBI {i U RSIE 71 M-AMBI {4 ‘&Jﬁﬁ
AR
0.0<AMBI<1.2 Thsh 0.77<M-AMBI<1 [
1.2<AMBI<3.3  REHE) 0.53<M-AMBI<0.77 R4
33<AMBI<S5.0  HEZL  0.38<M-AMBI<0.53  —fi&
5.0<AMBI<6.0  WJEIE  0.20<M-AMBI<0.38 4
6.0<AMBI<7.0 Mzl 0<M-AMBI<0.20 #

PREE R 7l B SPSS 170 #E A7 B[R 26 7 22 0 M
(ANOVA), 5 J5 K 35 J7 15 ¥E £ Tukey HSD, Lk P<0.05
R2ZESF L, P<0.01 HZESW R E . I ArcGis 10.2
52 N o B, R origin 2024 5S¢ % HA I A i
YE. f#H R 3.6.2 58 UL SRR Z RS RO, (]
Primer 6.0 52 8 V% 45 ¥4 73 T, AMBI F1 M-AMBI 4§
B8 448 1] AMBI 6.0 (http: //ambi.azti.es/)5E i, 5

% AMBI 4 2024 4E 10 H kKA 0¥ #h H 528143 K
TR A 2540 . [ “LinkET” 49 52 i, Mantel ¥
56, LI M A [RI 268 K AL sh ) 5 3855 I8 7 22 18] 1Y
A,

2 #HR

2.1 IPEETF

ARV A B EREE T U3 2 FIroR, KATIER A X
F4) HR (AR A2 B 5 e T X R KR D £ I SR Al X (P<
0.05), 17 JH B {8 35 1K T Xo) BE DX RN DY oy e 0k R dfi IX (P<
0.05); Xif BR [X ()3 BE FI pH i 255K T VU £ i 0] SR Al X
FIR AT 0 2R 4 X (P<0.05), Hofh 3855 R 778 A [] Xk
Z [0 TG i 35 M 25 55(P>0.05)

x2 RHRIMERE TR
Tab.2 Environmental factors in Geligang (an intertidal flat)
W X B X O 7y BE R SRATT DX AT SRl X
HEREAR/um  73.055+14.701° 81.515+38.114° 160.435+13.866"

7Kikk/°C 24.600+0.141°  24.833+£0.207*  23.800+0.529°
NS 27.825+0.346"  28.33240.066*  28.245+0.103%
pH 7.925£0.007°  8.023+0.036" 8.075+0.024%

WA /(mg/L)  6.765+0.064°  6.577+0.241°  6.960+0.191°
KB /m 1.650+0.778*  2.900+1.105" 3.375+1.493%

42 a/(pg/l) 5.645£0.134*  6.720+2.655"  7.833+1.167°
e AN NG bR R A ) B 5% K 78 A ) X 8028 = 2%

(P<0.05)

2.2 KRBT BEE Y Th B R R AR B

s KR Bh ¥ 35 B, EE AR R
(14 By, ARSI (10 F)FIZE25(9 F, 48 s fi
foi e S5 R 1 B, BRI FP ILZE 3. PR FhaL 5 B,
W% 4 PR o A0l a5 R RCAT 2l A A 20 28 101 O
El 2 frs .
23 KREEWHMEBEREYE

A Bl Y 3 5 A A e 2s 1) oA n el 3
MRo HPEX R K 163.67 ind./m?, FRERE N 3
S0 A5, 484 ind./m?; FEFERARAY R 11 58, AN
28 ind./m’>. KRAVEHGZY) T 25 Pty 284.47 g/m?,
AR R R O 5 5, IRE T 1114.50 g/m?; W)
TR SR 10 Sk, R 0.28 g/m*.
24 REKHZHEZEERHT

A SCHE 5 I A 2 (Y 4% 3 5 W) Bl R Y Bray-
Curtis I 2 1T R0t (K 4), &5 R BoR, 7F 33.2%
ARBLEE ZK S L, Al R30S X U A a 4,
KATWE KA X VTR b 2H . NMDS 25 58 i 7~ stress 4
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Tab.3  Species checklist of macrobenthos in Geligang (an intertidal flat)
e HrT 44 e A HT% ZEHE
ik Nemertea sp. A shY) B RUHR £ R Ampelisca cyclops GITRE S
FEHWE Glycinde gurjanovae EZACES JE T 1Al A Caviplaxus jiaozhouwanensis 72k
R # Lumbrinereis sp. EZSES H AR K EL Cirolana japonensis GRS
) e Mediomastus sp. EACES =5 R i Diastylis tricincta B E S
FEERUT WV A Nephtys oligobranchia EZACES FEJUR Gammarus sp. e
ZZ B ) VDA Nephtys polybranchia EZACES RUISEDEAALN Gammaropsis liuruiyu 7k
EERATIER Paralacydonia paradoxa ZEBH WU 4 R Harpiniopsis vadiculus H 722
4 L Scoloplos sp. ZEBH A AR Hemileucon bidentatus PN
[BYAAE TS Sigambra bassi ZEBH EHEZYIN Leptochela gracilis ek
NG ERLS Sternaspis scutata EAEES JRHR Mysidacea sp. ek
MG AN Bivalvia larva BARShY R K HR AR Ogyrides orientalis ek
P\ i FLIZR Decorifera matusimana BAKshY) N Philyra acutidens ek
0 3 s 1 Mactra veneriformis AR e b 75 B4 AR Pontocrates altamarimus ek
PANEE I Moerella iridescens BAREhY) R =R Tritodynamia horvathi 52
A Nassarius festivus BAikshy) HIEN Lingula sp. i JE S
EAEAE Nassarius sp. Kiksh
I NEAEaE Nassarius variciferus LlNTIL ]
Ji T 02 Neverita didyma BAKshY)
S e Potamocorbula laevis Bikshy)
sl Theora fragilis BAKshY)
R4 BHEALEEDDRARESHARGBE 100 EEG | CIEG Il EXIEG Il BEG IVEMEG V

Tab.4 Ecological group and dominance of dominant species of
macrobenthos in Geligang (an intertidal flat)

PR o i PRz

FEHE W5 MG (Potamocorbula laevis) EG V 0.114
VU B4 Wl (Mactra veneriformis) EG | 0.072

Z VGV VD B (Nephtys polybranchia) EG I 0.067
S H WV R (Glycinde gurjanovae) EG Il 0.038
Rl L (Mediomastus sp.) EG I 0.032

0.07, B —EMRBE ., Mdln 2R Ea5ilrE X
(ANOSIM, R=0.838, P<0.01), Simper 34145 5% R,
a 2 FZ TTER AN A DU AR G R SE T v A, sk oR
I3 9k 18.82% Il 17.14%, #H N SF 25 A1 L K
47.05%; b ZHZH N-F- 4 AHINE N 39.63%, DTk AN
K 2 HE UG Wy v A R WE $L R # BF (Harpiniopsis
vadiculus), TTHRZE5 3124 40.50% i1 13.42%.

ABC M4 R WoR, ML — B TAY =M
LTI (E 5), B JCAse G & A, 2 B il i K
R Sh P E VR S5 R, IABE TP e 4544 52
M 557N
2.5 KRERHZIEZYF SN

IR B R ARSI H'. D, J'A d WEE 5 fr

80

Bat%

1 2 3 4 5 6 7 8 9 10 11 12
i}
2 il e R AT s e 2 o 2
Fig.2 Ecological group of macrobenthos in Geligang
(an intertidal flat)

INo HAFRIMEN 2.56, feimfloh 9 Sl 2 3.36, i
RAB Jy 3 Sl s, S 1.28. D FEBME K 0.74, Fe i

9 Sk, o 0.88, A R 3 Sl A, 034, T
SEXIE K 0.80, fx e (E N 11 Sk, h 0.96, f kA4
R 3T, R 037, d FEIMEN 1.28, AN 55
i, N 177, AR R 10 Sk A S 0.73. HREL
SEWRWORA 4 b ARSI T RS, 6 4
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Fig.3 The macrobenthos abundance (a) and biomass (b) in Geligang (an intertidal flat)
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Fig.4 Hierarchical clustering (a) and NMDS (b) of macrobenthos in Geligang (an intertidal flat)
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Fig.5 Abundance-biomass comparison curves of macrobenthos in Geligang (an intertidal flat)

T a JERIIX ABC fiZk; b. PUAMIRIRRAH X ABC HIZL; c. RATIERAMIX ABC fZk; d. f3#i ABC ik

-1 40°50'N

40°40



772 W 5 # W 57 4
x5 ZRMIER il A B R O N R TS e, 2 Aol A A B IR
Tab.5 Species diversity indices ﬁﬂi] q:; E{%ng
i i D S 4 2.6 KRBEEHEDHIMERERFHXER
1 2.439 0.746 0.734 1.201 Mantel 525 5 o5 MUK SRR 542 4
2 2.199 0.645 0.662 1.064 A 5 (P<0.05); F 75 K BEVE 5 /K 6 1B 2 6 (P<
3 1278 0.339 0.370 1121 0.05), AL s . Z IS L sh P GRS 5 355
4 3.189 0.875 0.922 1.519 T IC I E A (K 6),
5 2.955 0.794 0.756 1.765 2.7 ERWMERRETMG
6 3.005 0.812 0.812 1.703 Xt 6 AR B s 1T AMBI Al M-AMBI
; 2363 0.745 0.788 0.966 FREC T, SR WK 7 s, 6 H AMBIE S Rl R
8 3.071 0.867 0.924 1.343 0.300~5.322, H{R 5 2.088, 2R AT 2 ki T
0 3363 0,854 0,038 . PLah R, 8 Aol i R YL, 2 S T )
10 1.868 0.645 0.804 0.733 RE, 3 SHEERSNE . M-AMBI {19y
0.424~0.900, ¥ K 0.707, 45K BR A 5 A vl A7
1 2236 0.776 0.963 0.832 FREEIRI TSRS, 6 2 B, TR 3 B
12 2.781 0.805 0.877 1.333 YIRS
wewtr  oane
— 20,05 . l
Mantel's r
—<0.2 @i | o | 0
—0.2~0.4
- =04 pH . . —
Plear:’:sr B . [] [ R
0.0 *xz O [ &
e btgEa| O | O H B
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Fig.6 Correlation between macrobenthos and environmental factors in Geligang (an intertidal flat)
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3 e

3.1 ERU R KRBV RMESh M B E Y AR R B R G

HHE

AR YA A L KRR sh ) 35 L (KT Li
45 (2024) I £ 1Y W) B (46 A, (B & T Zhang 5
(2016) 1A M FPEL(29 Fl). Li 4%(2024)F1 Zhang 5%
(2016) %5 1A B W RS BE UK shi o 32, HOh B
FERMZ B, MARUH A Y Fp 2B LU 522800 &,
LR AR S 2 B2, B i 2 X R B AT 2
YA INRLAL B R g, B /INAR TR 1) JECATE o0 400 90 b I 1L
BN, 1L 2R e e S 10 VA A I TR S5 A A P
BB AR, 2021; 2230585, 2024), (H AR
TR AT 34 /N Ak 34 T s D PR AN 58 4 A ],
T T A AR e T SR YA s /N R AL A 3 i
PRI R B 2 Jo) 30 9 o TR A 1A R 55 S 97 A A5 A SR 4 B
(THEZE4E, 2025), A ST A] fig 57K 3750 S A5 15
P o WA R G 2 b U7 SCHR (Meretrix meretrix)
PRE FEEAT X 22—, (A2 B . R b
FEANE O A SRR R R, SO B R R R, O
TCIE T L FAR 7= i (W0 2 45, 2020) Bl SR B I
(2R, DU A s BRI T YT 0 S T DL
A g 0 43 A7 T AR TG N, AR AT ) R A e
(E4&M4, 2016), S5AM T HA LGSR —8 . EFRMT
Rl AT R AR R 0 A O X IR AT RN T
FA TR, DASE IR DL B IR A T RE 2 R

KA AT Zh VR U5 52 Z2 Fh PR BE R 3R 52 ), 2P
FFQROINWIFE KB, KB . 27K Il ANk 52 ) ¥
M RABEM S AR i FEN R, REE
(2022) 1 53 & R, 55 % 1LV 388 R TR I A s 40 et o e A
KB IREEH F R K R FER B . Mantel K36 45 5 Wow,
-2 25 a AT 2 52 Wi G IR e K R IS AV B ) B 9 AR
R EH T, AR o 277 1% 5 24 B
gy, HvR BE W T8 R TR AR ) A ) e (PR R A
2025), V7 UEAR 4 5% s 5853 i 7 A (R D 2 AR B )
BB YRR (Z A, 2023), BN, K EHZ
TR I RN 3h ) 1 de B BB T (R4S, 2021), H
AR AR B A A AR S Bl 2 K TR R I AR
(Dudgeon, 1985),
3.2 tRHIREREERERENRR

H'T5 %0 . AMBI 550l M-AMBI 45 500F-t 25
B4R 3 5 ul S Rl ER, % Xk B 52 AL 1
BT, 32 NS sl AT 52 i P 5, AT 3 Ok K

HRY Nt EE SRR AVE A E SRS (F
PR, 2015; Zhu et al, 2021; Yang et al, 2024)1_ 4% F
I, FEOR X IR AZ V5 Yotk Gl L R % X
IR, MU SR A VRl 38 3 R, 0T BB 5 UK
WA S5 22 BIREIR o X AR Vg 7 D Vg Sl 49 5 3 )
GE R, BRI 0 KA RN s ) VR R 2 T,
AR A 5 W) 32 3] T 4 (Liu et al, 2021). 7£
7 2 A BV (R BIE9E R BE, R EA T B L ) X 35
MIYIRNECEL . R RIAE ) 2 REPERE RO 10 2 v Tk AT
FHBFEA A DX, F AT 8 5 B Al B 1 Ml 1) DX 3 et 2
i T R4 T s BE AR VR L 19 X 38(Gaspar et al, 2009).
X H B ] BEAT — LU 57 PSR A YRR 2R S5 T sl
% gt , LB AR AR T L i AU 2 R R R
K% (Sampaio er al, 2022), TEAHBFFE T, 3 450k s KA
IS e E % h EG L M EG V4L, 5 Bk
25—

AN ) A e B5CCE TPA R ] DX I s 25 H BRA ] 1)
SEIRL (RS SR, 2021), B—AFEIE b oy JERE kA s
A, s B HOGE AT AR 2 T AR AG A AMBI XS
JRE A A= 25 B 55 10 = il (Borja et al, 2005; Zhang et al,
2023), S I HUE Y HE B g PR AL . a0 H P8 B2
IR 10 535 8 R h RS 4L, i AMBI Al M-AMBI
AITPEAN 45 J 30 R TEHe sh Al K oo IR, AR W de 5
VEREAE— PRI PO TR A 55 B PP ) A 1
(Munari et al, 2010). A fif P& X 4~ 7] #, Muxika 55
(2007)% AMBI #5650, Wb & R Z AL G,
55T M-AMBI #5458 b H Al 5 K 148 5L, M-
AMBI 55U G 4 BRA R0 L P4 T A 4 385 5 4 (Lu ex
al, 2021; FHESE, 2021). BTSN M-AMBI
FEBRREEME, PN PRI AT B e AN [R] X300 ] — e
15 gL R R Bt OR [\ T 32 1 (Gillett et al, 2015;
Pelletier ez al, 2018), £ F— [X a3 FH 75 24} EG {H
PEAT RSN

M-AMBI 255 7R BR 3 535 540, VU £ G i) R 4l
DX AT AT 488 SR A DXV AV o k30 Sy R A v SR A, X
IR DI P SR X A ) ) JEC AV 24 1% 5 £ ] BB R i)
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COMMUNITY STRUCTURE OF MACROBENTHOS AND BENTHIC ECOLOGICAL
QUALITY EVALUATION IN GELIGANG OF NORTHERN LIAODONG
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LI Ang"?, XU Xiao-Wei’, XUE Su-Yan''?, LI Jia-Qi"? LIU Lu-Lei"?,
TANG Yu-Ze"?, LIU Long-Zhen?, ZHU Ling"?, MAO Yu-Ze"?
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Abstract

To investigate the characteristics of the macrobenthic community and its benthic ecological quality in

Geligang, a typical intertidal flat in northern Liaodong Bay, 12 stations (including non-harvesting areas, Mactra

veneriformis harvesting areas, and Solen grandis harvesting areas) were deployed in the area in June 2024, and

macrobenthic fauna and environmental factors were surveyed. Results show that (1) a total of 35 species of macrobenthos

were identified, mainly Crustacea (14 species), Mollusca (10 species), and Polychaeta (9 species), of which five species
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dominated, including Potamocorbula laevis and M. veneriformis; and the community mean abundance and biomass are
163.67 ind./m* and 284.47 g/m? respectively. (2) The cluster analysis and non-metric multidimensional scaling (NMDS)
showed that the community similarity between non-harvesting area and M. veneriformis harvesting area was high, while
that in the S. grandis harvesting area sits as a separate unit. (3) The Abundance-Biomass Curve (ABC) shows that the
macrobenthic community structure in the intertidal flat was stable. The Mantel’ s test showed that chlorophyll a and water
temperature were important factors on the changes in local macrobenthic community. (4) The benthic ecological quality
assessment based on AMBI and M-AMBI indices showed that only a few sites (e.g., No.3) were in moderate or severe
disturbance status, and the overall benthic habitat quality was in good condition. The M-AMBI index was better adapted
than the single index under the disturbance of mechanized harvesting. This study revealed the benthic ecological status in
the intertidal flat, provided a scientific basis for balancing shellfish resource development and habitat protection, and
suggested to prioritize the use of the M-AMBI index for long-term monitoring and management assessment.

Key words Geligang; intertidal flat; macrobenthos; M-AMBI; benthic ecological quality assessment



