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EAOEEE AR RN ESEHE

FoHx W g2 FHES
(L RIS ARSI EASRE A 264006; 2. RIS BEIHER AT
WA IR TR 0 TR 266071 3 MMATKSHISI  MiA 264008)

WE  RIE 2012 4F 6 A 0y K AR AR 5 AR A Ak, B B B 0T 4 T A R A
KABS & S FRERATON. FREF, EREERERXRERN KA KFEY 67, XET 6]
53 FF, £EK 28 fi, TR 17 F, Kikohdh 16 F, MM ABL 3 M., KB MA
3 M, k%R & (Leucon sp.). # 5 /1 # (Heteromastus filiforms) #n & ¥ + %7 7 & (Glycinde
gurjanovae) . 2 ¥t A 4 B A A B 5 8 T 4 5 2.03 g/m® Fr 358 ind./mP . 4 B £ A 4
B E G 1.825-3.976; ik F FEAEH N 0.775-4.052; 4 #3441 £ 45 4 0.637-0.924, %
B % TR AT BT AT KA, 18 NME BT 4 341, | 41(C4. DA 3EfL), #EA
Bk A K R B (Apseudes sp.) . B A 8 % & JE (Ophiophragmus japonicus) . 44 4T 1 #f (Gammaridea sp.),

CATE A AR, K, BEEEMK; MA(CL, Bl 3:{r) 4 £ 7/ & . ¥ #l & (Notomastus
latericeus)#¥ %, S 2 A . #EBEH . REAMBEMAEEMX; HASUNTA, AEFTHYDE.

T P A LS (Moerella jedoensis) . & R ik #7%, §&HFEF AKX, ABC th &0 B 7R 3 7
Mg AR RB PR ERE TZAFERENTHh. FRERTFF, KES KBRS0 FE 4

AR R E, HRAER,
KA

hE4SERE S931.1 X#EtkrinEE A

BOYA] VA S8 il M T AT Ak Y, A2 BT
WA AR E R, ARG . KAR
G B ) 2 BT IS AR A8 R G Y B R Ay, e
Z5EYHERIL AR, B E S RGN HTI6E,
02 W A= 2SR G AR AR Y E SR X 4 (Graf et al,
1997; Heip et al, 2001; i Ji#E%%, 2009),

] AT 25T R B AT S ) i i o B AR B R
Ty PRI SR X, W R BIREE S . 2

wH O KA BEEEA; BT BT AT
XEHRS 2095-9869(2017)06-0009-09

PE(EIL 545, 2009; Z254E 1, 2011Y; B4, 2012;
AF4E, 2013a, by, kAR (ke 20107, AL
45, 2012)55 5 2 7 1, AHOCF B 1 3 VTR IR AU IR
Wi sh# ) A= Ao e W . ARIFSE LA 2012 4F 5 F
T0] 11 965 358 14 R HR P G 3 40 R R B 0 A R A e,
T REYFAG Sh P (10 4 A 2E AR AE, e T H 5 50
WA R F R OC R, DU B0 8 AR R R G
RABEFE R LS R A
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2 )R 38 %

1 HMRBESTZE
11 AESHRIERHE

2012 45 6 H 7K V0 i Xk BT 1R ) 18 Ak
PEPEFT T A, AL 37°40-38°09N, 119°00—
119°40'E(E 1), B #& A 10 i T s 58 4 W
i, IWrE(B1, C1, D1u)IHE AL 5km, I
(A2, B2, C2. D2, E2 ¥i)iEEs AHE T 10 km,
Wi (A3, B3, C3. D3, E3 %) E AT 20 km,
IVI¥i i (A4, B4, C4. D4, E4uf)EE A1 40 km,

T
N[N P KR
A »
WY &
.A4 .B4 o C4 S| * fig Province
Sy 3N
38°00" |- 5 oC3 eD4
B24C2 o3
e oCloD2
eDI
E2
®E3
37°40’ { 3271
acdl . .
119°00 119°20° 119°40' E

I T N m B B SR T iva
Fig.1 Sampling stations at theYellow River Estuary

12 HmEESLIE

i 0.05 m® BTSSRI, RS uli 0 KA 4 0K,
i 0.5 mm AYZE0H B vh e 5 - 5% HY R 7 I [
E, FELREIITHREE,

] 25 W 52 3 A7 K I (DEP) A2 JiS 2 7K 1k 1 3
(TEM) ., $h B (SAL) . pH fH . BT H1(SS) . i 5.(DO)
%5 E#(COD). BA(TN). B#E(TP). & MEwm
i (DIP), fUIERSIRER(NOs-N) . il iR £k (NO,-N) Fll
A (NHEN) o REEFE N0k QTR
i) (GBIT 12763.9-2007) 47 .

1.3 #HFE4E

131 A&%®#HE 5 Pinkas AHXTHE B 5L
(IRN A PR e 7% () B 22 (Pinkas et al, 1971),
IRI=(W+N;)xF;x10*

K, WRSS i RSB 09 R A S R
PR EE S, N RS T R B A R 2L
FE SRR S AN ARER IT B E S E L B TR B
WIAE BURE S 67 7 HE R . K IRI>1000 A9 4 e S
oAb,

132 SHMEH R Hh VAT 1 9 3 K TR S A
VIRETE (5 o5 LR, SR DA R AT 200
J3#r(Margalef, 1957; Wilhm, 1968) :

Margalef F2S & B H5 4K
S-1
d= 1
log,N M
Shannon-Wiener £ FE1EF5%K
S
H'=->"Rlog,R 2
i=1
Pielou ¥4 %) B #5 5
Hf
J= 3
log,S )

A, d AFPZEEE EFE S, H' l Shannon-Wiener
ZREVEFE R, 3N Pielou ¥I5]BEFREL, S A RUBHE
A2 A, N SRR U HRE S A AR 2R A S K
B, PR | A RBC S RE S R SN B LA
133 BE4H K HAESE 2 48 i o i B Vs 25
4, XA sl A5r A JECAI 20 ) G 5L BE R T 4 RO R
e, EwEEEDE 2 A8 2 AL BRI, 20
1 AN AR 2 B = 1% J&@ Al T 23 BT (1 2% 24 5%,
2012), HI4EREV% Bray-Curtis MHRIME R %L, RS9
R IR B i 2 4E bR EE (NMDS) R HE T 5 k41
BT 9] A 3 57 1) R TR JEC A 20 40 45 44 R AiE (Clarke et al,
2001; Field et al, 1982).,

134 ABC W& RHIFE/EY =KL (ABC
M) R B 2 THIEN, H W SitalfEhl
ABC &k — gt &, HAA N
_<(B-A)
W_i;so(S—l)

Kb, B A1 A CH ABC TR i Fp 28 35 g 1 A

Yy FECE B BEVA 43 EE, SO BRI AR ZEE (Warwick,
1986; Clarke et al, 2001),
135 L5 HBEE-FAEL>N f#i /1 Canoco for
Windows 4.5 XJ KT JIEA s ) 1) = B 5 3R DX 1 [B) /)
X Z 9k 47 95 X R 43 #F (Canonical  correspondence
analysis, CCA)(TerBraak, 1987). & IRI <10 (¥ #h
DI T4 (B — I 45, 2011), Wb R BR 55 H b kAT
lg(x+1) % 48, aE e A [7] 48 A B 67 38 AR 1Y 48 T I 22
(Flores et al, 1998).,

2 HEREHWH
2.1 FhE. HEAKIG SR

Ze A HT S E R A U S SR B R A B
67 F, FET 61153%, H, ZEEFMEEKZL,
hy 28 Fh, 5 41.79%; W BhYh 17 F, 5 25.37%;
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2D SO AR B IS R R A AN B ) ) A 2 R 11

BAKZhY Jy 16 Fh, 4 23.88%; i ¢ sh A H AL S R
% 3F, 5 4.48%. KA YA D S S
L 1,

2 AR Y NG R RE Y T 41 43 i
2.03 g/m? 1 358 ind./m?; Lk C1-CA4 uli sk, 4
i 3518 A 000 A R S B AR A A
1 =1V W7 18 £yt AV 5% B 3R 00 o S ) ol i A2 4k
A, TE D3 w7 B3 A R R S 9 R X A
(E 2).

ARSI SRR 3%, NIt
Hi(Leucon sp.), #2575 Ht (Heteromastus filiforms) Fl5E
5 H Wy b % (Glycinde gurjanovae), L3 5 A vk E A
KA Sh ) BB 1 7.49%, B 42.22%; &EFh
A 16 Fl, AR T B (Moerella jedoensis) . 2L
W4l W (Lineus sp.) . [ 4 2% #E 5 H (Prionospio
queendlandica) &5, & ULFHFN/D ILAR 450k 16 FhFD 32 Ffi,

N| 2
1LI%R4

Shgdong Province]

38°00 [+ °°

BAf7 Unit: gfm?
119°40' E

119°20'
& 2

119°00’

22 SHEMIEE

PSSR A R d A 2.643,
e BLTE D3 i, AR EE BL vl YifhE
FEVEFS B HOE Y 3.078, L E3 ufifie i, Bl sy
fi%; A5 BEFR 5 3 F34ME o 0.793, A3 uifiv i,
D3 i fie k(3 2).

x1 BEUOBBARRMEANYZEFALLL
Tab.1 Proportion of each group of macrobenthos at the
Yellow River Estuary (%)

27 Group i Biomass #6525 & Abundance

£ T2 Polychagta 4713 4991

iAzh# Mollusca 24.86 11.16

T s Arthropoda 16.92 35.34

Tz 3 Echinodermata 1.19 192

HAb2 Others 9.89 1.67
N|b ot
rvey o

190 gff/ari'g Province

38°00' |--

37°40'

BT Unit: ind./m?
119°40' E

119I°00'
SR 1 BRI 3 1497 i o) O 85802 (D) 53 A

Fig.2 Biomass (a) and abundance (b) distribution of macrobenthos at the Yellow River Estuary

119°20'

F2 EWOSEHAEEENYSHEE
Tab.2 Diversity indices of macrobenthos at the Yellow River Estuary
Uil Station EE A d SRS H AESRECD | Uil Station FEFEEE A SRR R WA BRI
A2 2.652 3.022 0.774 C3 2.548 3.144 0.786
A3 2.799 3.518 0.924 Cc4 3.523 3.805 0.866
A4 2.867 3.384 0.866 D1 2.254 2.550 0.670
B1 0.775 1.825 0.913 D2 2.059 2.817 0.740
B2 3.081 3.454 0.845 D3 4.052 3.125 0.637
B3 3.456 3.546 0.820 D4 1.874 2.229 0.644
B4 2.464 3.233 0.808 E2 3.350 3.743 0.898
Cl 1.166 1.835 0.654 E3 3.768 3.976 0.836
c2 1.895 2.870 0.830 E4 2.993 3.323 0.769

23 BEEELSW

X 25 il AN TR JEC A 31 ) A T 45 ke R AT R bt
ULE 3, MIE 3T LIA W, 7E 30%H AH Ll K L ]k
18 N ulifirh 34, Hivbh, C4, DAk 14, BEV%

H o K d (Apseudes sp.). H 7 2 i
(Ophiophragmus japonicus), #J#F 1 #(Gammaridea
sp.); C1. Bl ui y M4, HMzzsmiaiim | & h
(Notomastus latericeus) 7% ; Hgvulifi W M4, RE
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210 46 6‘0 80
AE{RIE Similarity
K]

4 ; 3 : 0.
b Grougﬂ Jih3R 2 %K Stress: 0.17

14
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M4
GroupIll

] ISR R AT sl 4 SRR ] (@) it MDS(b) kS 3

Fig.3 Cluster(a) and MDS(b) analysis of macrobenthos at the Yellow River Estuary

WHWY A | T AR . TR MRS . 24T
T (MDS) 7 #1 E Hh Witk R4 Stress=0.17<0.2,
BRI R —E IRBEE L
2.4 ABC HiZ& o #r

HS 5 8 2 3 K R IS s ) 0 = T A ) e 2
H ABC i ILIF 4, INE 4 WTIE W, FEEMAEY)
2 d SRS, 260 T IR A R R I WS Sh A
PEAWE ] 32 B SR Pl .

100 -
80 -

60 -

23 H 4> H Cumulative dominance/%

wW=10.008
20k o 4 Y& Biomass
A FJF Abundance
0 PR " " M|
1 10 100
FEHER Species rank

P4 S R B 24 ABC itk
Fig.4 ABC curve of macrobenthos at
the Yellow River Estuary

25 CCAH#HES

o B YA 1 96 35 1) R A G WG 3 40 ol 2 B3 00 0 A O
WIE A H] 34 Fh, X HIE T4 5 (36 3). 4 DCA 43#r,
A 2 HEF A RRIE(E 43 31 h 0.264 1 0.151, 4 4%l
A3 A B KRR B B Sy 3.324, DT AT LA SR s i s
T B X B S AT (CCA) AT HERE o

CCA HEFF S5 5AT 2 Bh5 Y AR 5T K 1 AH 26
RSy R E] 0.960 F 0.984, FrA HEF il i A
W TR AN R TTIRFAE] 57.2%(E 5). KK

55 1 HE A o6t e (r=0.590) , Hik oM & A
(r=—0.427); hEE55 2 HE P flAH 5 M B i (r=0.588),
HK A 7K IR (r=-0.349).,
MK 5 ATLIE N, 1A mmmiiimes K2
d ER 1 RPN H ABE R, EATE T AT TE
5 L HER R, PRI SRR SRR L KR ERE
HIEMSE; AL B L3R 286 JC R HE HL | 1T B
PR L T H WU A, AR 1 HEY b A2 A
HCs X8R, 3 Bl 2k 5 4% PR R B AH S R I
I 20 BOA b 2 22 S0 AL | 25 05 B A A AE 56 1 HEF b
e, SEAE . IR . BERE A S IE A ek
0.8

4 /"
N NO,-N
28612,/ %2
)II »
/‘%;/pm
w? ———1P
SS 2 DIP 300

#h 1 Axis 1
R
I~y
3
[9%)

31*
INH,-N
DO

32 . 25

. TEM

0.6
0.6

5

2 Axis 2 1.0
BT BRI 3 5 A
TR A M CCA HEF
Fig.5 CCA ordination of the relationships between

macrobenthos and environmental factors at the Yellow River
Estuary

SAL: #J¥; DEP: /KiE; COD: fb2¥:FHHE & ;
DO: %% NHiN: & A ; NO-N: WKL ;
NOs-N: FHlREL; DIP: JoHLEE; TP: H#E;
TN: H%&; SS: &iFY; TEM: /Kil; pH: BRI

5
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£33 FAOEBFEABEMAYIHEF
Tab.3 List of main macrobenthos species at the Yellow River Estuary
ErRes LB iy Station
Number Species Bl C1 D1 A2 B2 C2 D2 E2 A3 B3 C3 D3 E3 A4 B4 C4 D4 E4

10
11
12
13

14

15

16

17

18
19
20
21

22

23

24

25
26
27
28

% B2 Polychaeta
[ [C 446 . Sigambra bassi
MiFE R Aricidea fragilis
HTHHWY % G gurjanovae

8 N RUE S
Nephtys oligobranchia

B 22 1A 1

P. queenslandica

1% V7= Arabellairicolor
SRR

Lumbrineris heteropoda

R B
Paralacydonia paradoxa

FLRER R
Phyllodoce papillosa

U5 #N. latericeus
22 B Cirratulus cirratus
22 S0 H. filiforms
/INSk B Capitella capitata
A b v
Ophiodromus angutifrons
B4 . Sernaspis sculata
HARK T &
Magelona japonica
K vb# Glycera chirori
k¥ Mollusca
Jiit E #2 Neverita didyma
VL BHERES M. jedoensis
/NAEAEEA Nitidotellina minuta
W/ INEE I Leptomya minuta

Bl 1A Zx e I
\okoyamaia acutangula

52 [ S0 Alvenius ojianus

& NIEREE

Nassarius variciferus

Y I 5h%) Arthropoda
# H Ingolfiellidae
FJUF 1 Ff Gammaridea sp.
Jo i H Leucon sp.
41Kt I phinoe tenera

+ + o+ 4+ + o+ 4+ + o+ o+ o+ o+ +

+ + + + o+
+ + o+ o+ o+ + o+ o+ o+ o+ 4 +
+ + + + + 4+ 4+ o+ o+ o+ o+
+ o+ +
+ o+ o+ + o+ o+ +
+ o+ 4+ + + o+ o+ o+ + +
+ + o+ o+ o+ + + +
+ o+ +
+ 4+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+
+ + + + o+ + + +
+ + o+ 4+
+ + o+ +
+ + +
+ + +
+ o+ O+ + o+ + o+
+ o+ + + o+ 4+ o+ o+ o+ + +
+ + + +
+ + o+
+ + o+
+ o+ o+ +
+ +
+ + + + + + o+
+ o+ 4+ + + o+ 4+ o+ o+ o+ + o+ o+ o+
+ + o+ o+ o+ + o+ o+ o+ o+ o+ +
+ + + + o+ + o+




14 woooor B % 3 R 38 %
5% 3

s ik i Station

Number Species Bl Cl1 DI A2 B2 C2 D2 E2 A3 B3 C3 D3 E3 A4 B4 C4 D4 E4

Y SR U
Dimorphostylis asiatica
30 K Apseudes sp.
A B AR

Hyperacanthomysis longirostris

29 +

31

32 ZNELHF Leptochela gracilis + +

Wk Kz 3% Echinodermata
33 HABEZNEE O. japonicus
A3 5h%) Nemertean

34 YA H Lineus sp. + 4

+ + +
+ o+ 4+

+ +
+ +
+
+ + o+ o+ o+ o+ + +

3 itig
31 BERZTSH

G R AR, TEAE R AR AT,
2004—2009 4 8 yA] 171 36 35 3] 2 R AY S 3l 4 A ) 1S
YIE R 8.74 o/m?, Wi % BT ¥I{E A 260 ind./m?
(R T4, 2013a) , AR YR AT AT S 85 B v T 1 s R A A
T A W 2T s VR A (B, 7T LA B 9m] 1 9 3l
T I ATG S 1 R A 1T B 1] /NS AR S AR

MES B RE EA, RIGEALE R LUR L, 6
TSR AR sh i () A= it . W R 2% DA R A 2k
PEHE B 1 L X 38 AR H B TIT T T %) 4 0 VA 3, i A1
(B DX 3 D) 307 B AT AU 11 ] PR R X b 2 A 4 )
) JE R 1] B S AT A B2 32 K RN V3l A4
IRBEH A 2%, T ) AR A IR SR R B 4 R e,
DR AR JEC A sl ) B 7 4 R AR R AR . XSk = AR
(2008)7E A 5% 1L 7R 125 b &R v R AL AW sh ) B B
SURTE INDAEE SRl R R TINE 2 N R SR L7 DA 'S
Sy ey 2 6] 11 B A AR 4 P A I RIAVE s EH A
(2010)HF 5 ih 6 V28 30 1 ¥ R A s BV B e B, 6
IR o ST 35457 1 JECAVE Sl R T A 7 B T RR
A F A . WORLICRE P . & vt i A 38 v 1 3 o7
HFASEE, KRR E s, iR
FEIIE 5 ARG 45 R — 0 .

32 SHEMN

Shannon-Wiener Z2 £ 448 %05 R IR K
KIS REE S5 28 Ak, & — DB B PE A T 5
(ZE7Kk BE45, 1991), Chainho %5 (2007)4% i i) Z ke 115
G G, B SR RIS 2h P 4 R 22 R
FRECH “15(3.04.0)7. ZHEME AR X 3 R i H Y

B1F1 C1ufifi, Zilh “2£(1.0-2.0)", 2 ulifi i3
AR E S I R 5 AR 7 B, D5 AT R T AT
R B R R Y AL R AR 1R, AUH DB
REEIE N AL A2 AR AR S D AR A, e &S 30 1
T 35 AH X AR A A2 0 2 B 1 (Miller et al, 1985;
W ETEAE, 2010) . ZFEPEFE B0 i (8 X 8803 A e B
WA, ZHS AN T, R A P
R i B A A T IR AZ P s AR ANy
WO S A KA R Y A, 3% S5 FR ) B AT REd
HB—E MRS 5 A2 UUVE , X P8 FR Y BT S A8 % 1
Yk F B I A W) Z AR AR S R G R
PEA R SR VE T (GRAUER, 2014).

33 BEMRESHREERFHXE

HRHE LA 8 A %0k, 20 fih22 80-90 4EAX 8]
R Sl 40 5 8 O 3 %) o 288 02 B st ) RV Ak sl 4
(KB4, 1990), ARIEE KM, KMENM Y Z
ER A E TR, AR/ NSRS W4
M2z S, R S o B SR, L SRR
LRAMAEAT S o ] BH 15 55 (1988) f &L 17T PH s i
WA SRS, R s Bt pal D e B el , £
SEE Y IR N ¥ ISy i LTIL 7/ S B0 i RS R
Peml AP S 1 SO, AR Ak 5 3 TS R
1 Sh 0 114 b 28 20 AR b 2 A T 1) (220 S0 4%, 2013)

AR AR K TR, 45 KRR LRI IV 287K
JK B AR (GB3097-1997 ( ¥ /K /K JFidnifE) ), B2. B3
H1 D2 5445 T IVIEUE KK Bbn i, A) UL BT 11 76 35
THLE K4 . Pearson %5 (1978) F 7¢ 20 {42
70 AEARERIR I, ZBIMSFI AN FHAL Nk
EVIEA IR Z 215 Y s N W2 5 AT DL GE , AT
YRR IREE S 38 7R A4 o A 58 O HE P 2 AT 245 21



%6 2R/ SRR BT I e R R R B 1 14 A S A AR AT 15

N, PE e T S A . R AR S IR A OG5 Uk
4h, ABC hiklin, FEEMAEY L ESHL,
. BH BT 10 1) DK TR P A sl g A 0 b 1) 22 B oh
FREEM T

B VAT 9] 7K R A 2 R U S ) T T VAR e R Y IG
WG Bh Wy eI B E B N 2 VKR VD B4 A ) — B e AR
6 HH T Aa), Dift 20d, X4~ )45 R vE A= Y i)
AREHE T, UHIE TR W R R 5, vk
KA S 44 e 2 i B R R o T BT 11 g 3 g
AESZ PR K YR SR B KK VB RN B IR, Hok
BT A8 1] BE & A — R I s, ek
A FLAT JER O, T B A W A R & B F R
(ZF/D 345, 2015),
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Ecological Characteristics of Macrobenthos at the
Yellow River Estuary in Summer

L1 Shaowen'”, REN Zhonghua?, WANG Tiantian®

(1. Shandong Marine and Environment Research Institute, Shandong Provincial Key Laboratory of Restoration for Marine Ecology,
Yantai 264006; 2. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of
Sciences, Qingdao  266071; 3. Yantai Fisheries Research Institute, Yantai  264003)

Abstract Based on the survey data at the Yellow River estuary in June 2012, the characteristics of
macrobenthos were analyzed using canonical correspondence analysis and other methods. Sixty-seven
species of macrobenthos were identified, which belonged to 6 phylums and 53 families. Among them,
28 species were crustacea; 17 were arthropods; 16 were mollusca; 3 were echinodermata; 3 belonged to
other benthic groups. There were three dominant species including Leucon sp., Heteromastus filiforms and
Glycinde gurjanovae. The average biomass and the habitat density were 2.03 g/m? and 358 ind./m?,
respectively. The ranges of Margalef species richness index, Shannon-Wiener diversity index and Pielou’s
evenness index were 0.775-4.052, 1.825-3.976, and 0.637-0.924, respectively. The results of MDS and
CCA indicated that 18 stations could be divided into three groups. The community of Group I (C4, D4)
was composed of Apseudes sp.-Ophiophragmus japonicus-Gammaridea sp., and their distribution were
positively correlated with the water depth, water temperature and salinity. Group I (C1, B1) had
H. filiforms-Notomastus latericeus, of which the distribution were positively correlated with ammonia,
nitrate, total nitrogen and dissolved oxygen. Group Il included al other stations, and it had
G gurjanovae-Moerella jedoensis-Leucon sp., and their distribution had no obvious relationship with
environmental factors. ABC curving analysis showed that the macrobenthic community tend to be
disturbed moderately. The depth and ammonia were the most and second most relevant factors in the
distribution of abundance.

Key words Yellow River Estuary; Macrobenthos; Community structure; Environmental factors;
Canonical correspondence analysis
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