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P 3 1) 7 K2 SR S Y R T R AIE

FEEY REY #RERHY ZRY BE#Y #HREV

O THRFEGHEERE T 315832; @ WFTEFEGAVMBIFESE FT 272067

FE: 2013 4E2 A 5 A 8 ARSI NI C1 P 1) 785 6 K B s A7 7 2, A ARG 3
AN 2 ZRWTTENOARE S, A0 AT T SRR R R R R S A BEVE SRR, BRI AR F
FERIZEYIE . R A, ZFEME, SR CLUSTER R0 1 KRNI R 458, FEH AMBI Al
m-AMBI X A IR BT R AT T P4l . AR & % e KRBz 52 Fh, Hodr, Z BN
Wy 24 B, BAKSIY) 14 B, WSEEhA 12 Fh, 3L R, i1 R, RNV 10
TRy, AR TR SR 46.15% . WFETTRE, WIREERRE (38 FD) , H RN T RAKK
(16 F0) o BEFEAEY R EAGRRFN BN, FEAFEFERIE, N 3549.33 indm’, T
FA& 251 256.67 ind/m” M1 ZE) 100.67 ind/m?, A K2 (Neverita didyma) 242 10 E ok,
DUHR T A REE MR 75.44%. EMRESRE, AERZ, £FRK. EEFEREL, TR
HIHAKHREE (Macrophthalmus japonicus) Z&/EP s EZ oIk, S5 AY RN 49.86%. BEIEH
FAI AL B T S CLUSTER 434745 SIMPER 2047 45 S0 56AIE o X5 385 7] NI 11 BRI R ARG
5y S AR IRBE A 0 6 S BRI AT 22 R, DA — e R (1 N R B) 2 VA 5% . AMBI Al m-AMBI
M RN, DA BRI, A2 3 TR B .
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Abstract: According to the field investigation in Yellow River Estuary at February May and August in 2013,
the characteristics of intertidal macrozoobenthic community from 2 sections in 3 seasons, including its species,

abundance, biomass, dominant species and diversity, were analyzed. The community composition and
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structure were analyzed, and ecological quality was also evaluated by AMBI and m-AMBI. A total of 52
macrobenthic species were collected and identified. Polychaete was the most speciose group with 24 species
(46.15%), followed by Mollusca (14 species), crustacea (12 species), fish (1 species) and Nemertinea (1
species). Species number was highest in spring (38 species), and lowest in summer (16 species) (Table 1).
Seasonal variations were identified for abundance and biomass. Abundance was highest in spring (3 549.33
ind/m?), much higher than in winter (256.67 ind/m?) and summer (100.67 ind/m?) (Table 3). Neverita didyma
was the major contributor, accounting for 75.44% of the total abundance. Biomass also showed significant
seasonal variation, highest in spring, followed by summer and then winter (Table 3). Macrophthalmus
japonicus was the most important contributor to the total biomass, accounting for 49.86% across all sampling
seasons. These results were also confirmed by CLUSTER and SIMPER analysis (Fig. 2). The change of
community structure was caused by unstable substance near the Yellow River Estuary and seasonal variation

of environmental factors such as salinity, and some kinds of human activities. The analyses of AMBI and

m-AMBI showed that the ecological status here was slightly disturbed (Table 4).

Key words: Macrobenthos; Yellow River Estuary; Intertidal Flat; Community structure

A () g M A Bt v i oy, B ERAG IR T
TE, WEERZA, @ EAFE NS
YIRETE (IR EZE 2014). KARMsIYIEN
WS RGN E B B, R R AR
BRGEE . PIFIERS . Resimsh LA
SR EREE P EEEEZERH (Herman et
al. 1999). KAJEMEHY) BA B =K K Lk
Py T AR B SRR DL A R A SR
(FREE 2014), H[FW B A B (18 B PEA
KA, HARE A BRI 50t N KB H A
s AR UK HiRIZ (Pearson et al. 1978,
Ysebaert et al. 2002, Han et al. 2013). Ak,
KIS AR BN A2 W D 2ty MR8 1 R B4R 7 2R
%) (Elias et al. 1994, Gesteira et al. 2003), #%
Iz BT TR E R S S BRI LR
i (Pinto et al. 2009, #23CfE5 2012).

T R R 2 R O, DI b &
KM 4 T, B B AR 2 = A i B S
=S, R BB IR A A e ) R A
RFERIBHIAES RS (CGRREE 2014). HH]
RS KRS R IA N NI,
PRI R HL i SRR, SR E S, A
FURAVE R R, TR & B TR,
RE N RFAESKHE, N, dF, B

ARKRE T RUF&4F. (HIEHER, TR
IKEIN BRI, AUE RN R 2
WKIEES 40 SRS 25%, 1 it
TVRVS IS, AE I DR = AN B2
W UE 42 i) (Cui et al. 2011). 3RS
(ARIT O 1 PR AR DR EVR IR 2 R R AN 75 40
G, NIRRT K ek FEAS 7 9RT TN TS F2 4 5
AT SR . AR FUEIL T 58I 5
T 11 (RS ) oty AT HURE 40 AT BT 1 Pl
) s S A S A B 284k, FRAG BT 1) ) 5 S
WS4 (R T R A D 32 SR B4R 3 S A v
R e oy s R, R IR AL R,
A B R ) AR ) B R R R R s AR S
ISR B .

1 MRS

1.1 BRI E AN

A DX I A B VAT = A I BT 1 AR S Ui X
YRR [ 45, SR i S 7 BT N 1 R 7 )
9 km, IX X2 BT K EIR VD IH R E)
Y 1 o ol b PR AR DTRR S i FLR T R TR TR
J, BISITIARER, 52 2 MR R SR LR,
R FHAFRE . ZDXIREEIR NG, BT
TR ARG ZK B R R K BN & X
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HEEA YRR . ANFEEIRHZIX IS
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T A A TRy X A, HLR I X R A — R A
IR FINGEES],  ABAHT T RAE X I
iR X A% A B, I ABAT 22 i B A
B3 Y O E B 22 e SW R L Vet 3 N
N A B, R R 28 . K
ORI 6 DU LALLM HIN YN-1-1

( 119°15'01"E , 37°43'37"N ) . YN-1-2
( 119°15'07"E , 37°43'56"N ) . YN-1-3
( 119°1525"E , 37°4401"N ) . YN-2-1
( 119°14'40"E , 37°44'05'N ) . YN-2-2
( 119°15'03"E , 37°44'08"N ) . YN-2-3
(119°1520"E, 37°44'23"ND) (& 1),

37°40' N 37°50' N 38°00" N
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B 1 2013 SEEI = A0 D38 81 R SRR s A A

Fig. 1 Location of sampling site in Yellow River Estuary intertidal zone in 2013
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T, A v 1 2 o T 2 A X PR 8 3 A3
(s s AR XD, SR BRA B 3T
HRE
R AEDRE KBS Zh ), KA
0.5m x 0.5 m EFEHE R4 0.25 m® JEE i 1 )
FEdh, H 35 BTk, A5 KRR 3]
W o W I AR i 75 %0 0K [ 72 s [ SR 3R =
TESEI S 1% 1 58 40 VA 006 i FT 15 1) 2
A S IbR ARG AT Je bk, e )a iEAT

119°15'00" E 119°15'30" E

N
I f Legend A
+  ¥4{ Station

- [t Land

- {E]HF Intertidal zone

I ¥ Sea

YN FRRFE X LB @A XD YN-1-1 SR A ATR, 55 1 MeERos i, JEmsmm, 25 1 /2 &R, 24

BoerFonmiily, 1R, 2 AdEal, 3 A RE .

YN indicates the sampling area (the irregular red area in the left of the figure); YN-1-1 is the sites name, the first number indicates the section, and

there are two sections, indicated by 1 and 2.; the second number indicates the tidal zone, 1 indicates the high tide zone, 2 indicates the middle tide

zone, and 3 indicates the low tide zone.
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Y THEURRRE . G4l R 2 BN EN )
MU, BN ZE T, ARSI
TESE AT, AR A2 5%, BEMARAAS
TR, FEELBRRE. SR E8EN
FRARREEH 1 mg ] HC6602G %Y Magnet
Cube HLFRTHIRE o Ff 4 B SRAS S P AR 0 3
FE. FFF (ind/m®) FAEYE (gm>. FESH
AR, YE. FREEIE QREFEAEANE) (GB
12763.6-91) #H47,

1.3 HgibmE

JE AT S A T4 BE TEARHEAL J5 SR F LR 7
MZHFFT Wi AT VR S5 T o TR
WIAEVIREOREERE (A EYE (B |
WEEHE (S .

PR FABR T TE B AR AT AEAS R FERL
SCHERA ATIX S, ARSCRALAEE Y AR5
B IbRIE . RIS E T H A
N: Y= (/N) i, X, NCARIRFES R ATE
FRSEHLEAREL, n R | AR ANMASL, £ 1%
Folr b AL P 3 57 50 o S T B LR . ARl AR
HPEY>0.02 B, ZAPED AR

iz R R = R
PRIMER™ 6.0 B 1 6, HEAT TR 20 R % 425 W 1)
Guitardt, CABF SR B e S AR . ik
RIS FO KB AR S D REVE S5 RT3, R
A H A AT — S AT FBE KT 3%l
(A5 2003). JERAFEEHR S P iR
.2 J5 » K F Bray-Curtis AL RE B 3EAT #4 46e,
SR FH 2P 35 HE 7 A0 Al B o 22 4 DU R 3R AT S5 4

o

KH AMBI 5.0 B AL H11#) AZTD’s Marine
Biotic Index ( AMBI) #Fl multivariate-AMBI
(m-AMBD 7 R AR (Borja et al.
2005),

2 g3

2.1 FpREARRKRETIENL
FE SEA] A 25 e s DX BT 1|) 5 3 AN
KT R S, 3RS 5 860 SHrA,

I8 6 M35k 45 8, L 52 k. H, ZEH
N 24 B, ARSI 14 Bl FHFRSIY 12 B,
FEEE NS 1 B, AHRE LR (R D. £
BN AL FE X IRR B AR 1 R 2 )
FREH LAY, dia T BV ST 46.15%, K
PSRN R 554t A2 12 DX ek 1) A SR AW 3 42
ZAEVER E BRGS0 HE T REVE S
B 26.92%F1 23.08%. EHFFLIAE, HEEY
Fifiie 2, ik 38 F, XFMEFERD, 551X
A I8 FFl 16 Fho TEHRFEMAE, ZENIY
MFEEZ, EENZFRNMMERZ.

R 1 HFOE RS REEAS BT
Table 1 Seasonal species number variation of
macrobenthos from intertidal zone,

Yellow River Estuary

ZEHN Wk Wrsitn HAMri it

Polychaete Mollusca Crustacean Other taxa Total

% Winter 7 5 6 0 18
# Spring 18 12 7 1 38
5 Summer 5 3 7 1 16
7t Total 24 14 12 2 52

2.2 RAFMEET RN

TEA YR A, SRR 1 6] 7t B A e 34 2
8, UG 3 M BN, 2 FhixARzh AN 3
FRERFZEENY) (R 2). 43 0l/E 2 BRI 22 700 H
( Heteromastus filiformis) . 5 35 H Wy b &
(Glycinde gurjanovae) Fl1 X% 4, ( Eteone
longa), #ARENY) i KIZ (Neverita didyma) Al
FUT S (lridona iridescens), HIFEzh¥
IR (Snocorophium sinensis).  H Z4< KR
f# (Macrophthalmus japonicus) F14HT5 4 % iiF
(Batepenaeopsis tenella). £ i A I
METRRHBM, BEWHENEYER, O
Z BN FETT H WD TR LK 525
VPR R . HAOKHREE A4 5 7 % . 78
T ) R B A sh e o, AR
HILRA R 3 F, NZ BN 2 7000
PASIRARZN ) s AR AT B G, Horh,
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FIRAE A AF TR L5315 0.06 F10.67)
FEMBAFh, 22 5720 R RS T W AR s 2 i 3 4
FRE R
23 KBRSV EESEYNE

TR 1 ) A K A SR A s 4~ 38 = BE R
130222 ind/m?, “FYJEYE A 36.62 g/m” (F
3). FEEEHEAEHENSNER, £EN
FHA, AFMERBHANEZERED,
M&EFENARZL A F A RERE R,
4 3 549.33 ind/m’, 3% T & 25 256.67 ind/m”
MEZ 100.67 ind/m*. REIZHSERE
N EREREE, KIAENWERERNEE
A, SRR 76.86%, Hr, W EIZH

DU K, BEAERZEM L G T AMEAkz)
MIEFE 95%.

BE PR EEEE SRR, EEIRZ,
AZ Ak (GR 3). ARSI BEAY R
ZrRE, Z BN YRR R,
KFEME G ARSI R R B4
T, BERZ, EERK: BRANVNK
BEm, BFRZ, 4Filk. E2FRE
&, HESREY RN EETERE, Rk
YRR L E A 58.98%, X H b - I Tk
W HAS KR, A —Fh (I AE it o5 e
VR AR 84.54%. BAKZh N LA
82.46% I FF V& M= BE, TTHR 1 35.23% MR v& &

R2OHW ORI R RESY EEZMR ST R HFTINGE

Table 2 Dominant species and its seasonal dominance from different intertidal zone in Yellow River Estuary

2 Class Fh4 Species 4 Winter % Spring 5 Summer 44F Annual
% 4 Polychaete #2525t Heteromastus filiformis 0.03 0.10 0.02
HATHWYYE Glycinde gurjanovae 0.04
KX H Eteone longa 0.02
ARSI Mollusca J K12 Neverita didyma 0.06 0.67 0.50
FUT BH M4 Iridona iridescens 0.21 0.11 0.03
F 5234 Crustacean rh 4B 3% Sinocorophium sinensis 0.06
H A K HR # Macrophthal mus japonicus 0.14
IG5 /i 5T U Batepenaeopsis tenella 0.02
R3O OE )RR RS A B AR AR
Table 3 Seasonal distribution of macrobenthic abundance and biomass
from intertidal zone, Yellow River Estuary
FE xR Index 2 Class % Winter % Spring X Summer 1 Average
= Abundance (ind/m?) % &4 Polychaete 44.00 502 29.33 191.78
BAKZ)H) Mollusca 182.67 3002.67 36.00 1073.78
F3E)%) Crustacean 29.33 44.67 34.00 36.00
FoAth Other 0.67 0.00 1.33 0.67
il Total 256.67 3549.33 100.67 1302.22
444 Biomass (g/m®) % F4 Polychaete 0.27 5.26 0.80 2.11
BAKE)H) Mollusca 21.42 15.89 1.39 12.9
FH 3% Crustacean 3.14 243 37.37 21.60
FHAh Others 0.01 0.00 0.01 0.00
£t Total 24.83 45.45 39.57 36.62
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1, ¥AL°N Bray-Curtis #iF%, #£47 Cluster %
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Fig. 2 Cluster analysis of macrobenthic community

from different intertidal zone, Yellow River Estuary

BEALIRT, B 1AMFRRRFT, DAKE, CAEE, XN
HIE B AMEF RO FERIWTE, e 2 S, 2 1A
2Ry B2 AR, L e, 2 i, 3 NI
T o

In the sample name, the first letter indicates the season, D indicates
winter, C indicates spring, and X indicates summer; the first number
indicates different sections, and there are 2 sections, indicated by 1
and 2; the second number indicates the tidal zone and the 1 indicates
the high tide zone, 2 indicates the middle tide zone and 3 indicates

the low tide zone.

2.5 FBEEGEMAALES T
X 84255 R AR Zh W 3 7% 32547 SIMPER 4y
B, GERGUEERMA. LFFENT M

AN 28.41%, BEKTHI=M) 24.14%HNEF T
1) 22.86% o &Z= IR = TR # 2
SRR . XU VD AR . AL I AR AN 22 7 20
A EATT P AR B (1 DT R R 10%,
P 4 ANFhoet HABUE R ST IE 78.55%
2R AT I8 T Y AR A 1) = EE DTk 2 e
WE, ERROR AR UM B DTk 2R A 45.07%, SEME—
DUBRR ML 10% R . BT 3
BTk N H A KR (63.86%) 22 5720
(13.88%), HATFHITIHRZIX 77.73%. AN[H
ZAT ] F P MAE S Bom, s N E
EMEZ, mik 89.93%, HIRAEMHEZE, N
88.05%, AZFHMEFHL, HHEIA 78.17%.
i BB RETESAE, FREHEFAMHLUMKER
R TTERE, HooT#k & 48 24.54% M
25.45%, WRTTERZFEME—E 10% 175, &
EHRZERERI, BELFERD, BENEE
HEL. AZME FNRE AR, F2E
TUBRE N RCAT WIS . A R IR 8 b g
#, RIATTEREIX 38.03%.
2.6 JEMIBEE SIS AEN

TE KB AT ) DR V& 0 P = B HHE 1 B il
b, R B AMBI (5.0 RO 6= FE B ik
ITTHEL, BT sl 62 R 20 B A ) FEAE P o5 1
LB LE 20% LA T « AMBI Al m-AMBI it
ZERNAER 4o XIZMFEE AT R A
SRR Z5 R B8, AMBI HMNEZFH
W) 0.642 B & ZF=Ela ) 2.881 A%, BR
AMBI AL E = il as i T R s IRE 2
Gb, AR S ST R ESIRA; m-AMBI
SERMEIR, TERFEM 3 AETH, HRH
AR ZE iy, EDIRBEN SR “ &7,
Fofth %3l (AR S R ER O RRoN “ R R A
m-AMBI 1% X384 245 T stk PPl 45 R S
K AMBI T 545 REEAM R, BRBERIH]
WAL, 5 FE RS Sl L6 B ) IR R LY N
CRLE”, T TCHRB R X R PR LR U Ay

“ B
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Table 4 Evaluation of ecological status by biological indices from intertidal zone, Yellow River Estuary

e T N, g e e RERIR AL
4 W At T HRELRBL
. AMBI . . . . M-AMBI Environmental
Season Tidal zone Disturbance Diversity Richness o
condition
A7 A High tide zone 2.625 B4 5 Slightly polluted 29399 10 0.708 07 R4 Good
Wint
e sl Middle tide zone 2.881 B3N Slightly polluted 1.954 4 9 0.563 18 R4} Good
¥ Low tide zone 1.487 B sh Slightly polluted 1.7387 12 0.677 30 R4} Good
HE 7Y High tide zone 2.576 B E) Slightly polluted 0.729 5 21 0.573 03 K% Good
Spri St e . S b
P& iy Middle tide zone 2726 B4R Slightly polluted  1.8579 21 069267  EL# Good
iK1 Low tide zone 2.083 25 Slightly polluted 22979 23 0.814 58 15 High
CES T4 High tide zone 2.163 2SN Slightly polluted 23144 8 0.649 39 R 4F Good
S .
YT g Middle tide zone  0.642  Fod3) Normal 24483 8 078174 % High
¥ Low tide zone 1.964 k3N Slightly polluted 1.745 8 7 0.587 84 R4} Good
3 Wi AR, HARFHBERIL 0.50, 1% X IR A

3.1 FEEH AR TS

T O = AN E A R E IR A VLR
N, HAEVZEMRS, ZXEOIERIK
RN shPHE Rt 193 Bl (B2 %% 2000). 7E
T R A A F E =N R, R
BRI 52 Fl, MEEDTEFEES
(20000 1) 193 Fh, EEEEE (2012) 1 65
FhLL A 525 (2013) 11 89 Fl, HE T THER
& (2008) 17 34 B, A% (2012) 733
ol s A1 48 KA (2013) 1) 29 A A1 Yang %5 (2017)
(1) 23 Fo FrERRVIM ISR, 5RERTRE
Hoim DGR PR A A B UM O, than gk %
& (20000 1 193 #d0 5 7 57 skMriH, 255
(2013) HIRFETIRS 7 IR T 61 ANuhifr (R
500 RAEWTM B E Mm, R 2 FE v
s TR TR 5 A ZN P I AR A7 R R
Plo &M TR 70% ~ 80%HIF2E A
WE RIS R, HAE N UTERERE AN,
B A EBFE VIR A S ERRE (RER
1983).

P38 Ry B T B VA R0 R WUV R IR 1
R, TR AEYE AT el s, X4
PHEMAESRa e LA EEEH. 1%
I8 XS FE BE 2R s, i AR 1 X 4

FEVR I B RGER A3 o i T BB Ay LAY (1 ]
WA, AT E-TU X, AR
T ()7 BRI AV e R, 8 R ER
2, RENEIE RO ) 2 AR IR . B YRR
W S R AR AL o ey R IRAE R 2= G4k,
AW TR AR KR B, TR R %
X2 FIREE N EF T BRItz sh, &
W9 X ST A A AN R 25 AL A, 34
P EAT R T, TREERNZE, Y
THE & v I 34 ol 0 U0 35 5 5 7 v e PR 25 D) A
5K, TEVAERIGESS, FLOR SR IO 34 B ] &2 (Xl
SK=AF 2008), i KR EIL 0.50 A4 BEENIE
TZIX SR A BETE I S A A R
AT R ST FE B (1 302.22
ind/m®) ST FG U FE I Bt v P24 2 725.84
ind/m* CIIARERPEHAZ RS 19900, i
FHAMMB R (K 5). EMEN36.62 gm®, X
=T IR ARH 12.36 g/m2 (Yang et al. 2017),
AR T HAFR (5. XFEEZEHTRKER
R, A T B
MAE RN, 20 et 90 AR & P th &
T, BRI E) Ay R HH T 52 B AR T A b
AW R, MR AR Z,
F A A B B I AR T HoAh i, B
N 15.90 g/m®, KERIE, £94 43.09 g/m’® (il
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REARFHARZE S 1990).
3.2 BREM

KT (CLUSTER) 455 BoR, A[FF
FESE A FURFEZE T AR RN, A FRFE
Sl 57 () AT AR ABAIEE K SIS, 29 67 % [ FE AR AH B
Z AP BA AR T 50% (B 2). AFZEST
2 1A% R (R AN ARARA T 5 000 34 B8 ) 0 A 8 SR AH —
|, XEESKRAMNARENS 2B %
PEEYIME . —J7 T, e 2 f
BERFENREAT (FREFE 2005); 55—
M, KEMANIGIEN - g 57
&N R 2 e AR A B 2 R, 5
R\ EBEESHERIT (FKESE 201D,
3.3 AMBI #E#

AEVFREAE N — P BRI . BRI
RIS R =T i, B AT R
JRIFENE R, V5. BEFRML. MRk
g EEAI 4 (Birk et al. 2012), A 30854
BIBE G 2 538 3 1 I A P 5 ) (1) B g
(Patricio et al. 2009), Tk, A&
H Rk EHAHZZ (van Hoey et al. 2013), T
AMBI Fl m-AMBI /& 7E 7] [ A 5271 /K38 AR 7S

it 50 H S B o) iz I AE Y48 2 (Gusmao et al.

2016, Luo et al. 2016). AHf7¢H H AMBI 4§
$5 m-AMBIR BTN AN R 2215 &A1 42
SR, WESHMSRERME, —efE
T I R R ETE SRR AR R A&
PE, BT AR 3 A 25 o PP AY

1T AMBI $E 08 37 78 5 — i i 55 AT 5
NS e a TN i SO A R P S
APIFITE AR, 23— b7 1 A Sh P
FBHANAMRE DI, AMBI FORRURE 2 0 52
B (ZEIM%% 2017), TM4E4A T AMBLL #0fh
ZREVESE AN R m-AMBI X AE 2SR5 i
BV S R N AER (Borja et al.
2011),
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