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Ecological characteristics of macrobenthic communities and their relation to

water environmental factors in four bays of southern Shandong Peninsula
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Abstract: The benthos in four bays ( Rongcheng Bay, Sanggou Bay, Jinghai Bay and Wuleidao Bay) at 19 sampling
locations were investigated by taxonomy and subjected to calculate the species constitutions, components of dominant
species, and spatial distribution, biodiversity pattern and stability of macrobenthic community structure ranging from 2006
to 2007. A total of 14 water environmental variables from 19 sampling locations in four bays were analyzed by factor
analysis, and spearman correlations of main water environmental variables and parameters of benthos community were also
investigated. The results showed that the dominant benthos species was Chaetopoda in Rongcheng Bay, Sanggou Bay and
Wuleidao Bay. In autumn and winter the highest proportion is Chaetopoda, while in spring and summer Crustacea and
Mollusca accounted for the highest ratio in Wuleidao Bay. The hierarchical clustering, un-weighted pair group method with
arithmetic mean ( UPGMA ), and non-metric multidimensional scaling ( NMDS) approaches were used to analyze the

pattern of community compositions. There existed two macrobenthos assemblages in the survey bays. In spring and winter,
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the sampling stations of Jinghai Bay and Wuleidao Bay were clustered, and then the sampling stations of Rongcheng Bay and
Sanggou Bay formed an independent cluster. In autumn, two groups were constituted in the survey bays. The group I
contained the sampling stations of Rongcheng Bay, Sanggou Bay and Wuleidao Bay, the sampling stations of Wuleidao Bay
constituted the group II. Both in Rongcheng Bay and Sanggou Bay the macrobenthic Shannon-Wiener indices were higher.
The averages Shannon-Wiener index was lowest in Wuleidao Bay in spring, summer and autumn, and in Jinghai Bay in
winter. The Spearman correlation analysis between main environmental variables and parameters of benthos community
demonstrated that sampling depth and total alkalinity was significantly positively correlated with Shannon-Wiener indices,
and significantly negative correlation was established between water temperature and Shannon-Wiener indices in summer. In
autumn, Shannon-Wiener indices were negatively correlated with nitrate. The abundance biomass comparison ( ABC)
calves and W-statistic were used to analyze the disturbed states. In undisturbed states, the community was supposed to be
dominated by k-selected species ( slow-growing, large, late maturing) , the biomass curve lied above the abundance curve,
the W-statistic value was positive. With increasing disturbance, the system was increasingly dominated by r-selected species
(fast-growing, small, opportunistic ), the biomass curve would lie below the abundance curve, and the W-statistic value
was negative. The ABC curve and W-statistic value were generated by PRIMER software ( Plymouth Routines in Multivariate
Ecological Research). It was found that the abundance curves were above the biomass curve and the W-statistic in
Rongcheng Bay was below zero also in spring and winter, which indicated that the present macrobenthic communities were
heavily disturbed. All the results demonstrated that benthic communities structure were correlated with sampling depth,
total alkalinity and water temperature in the summer, and with nitrate and water temperature in the autumn. There existed
significant difference in the habitat water environment factors between Wuleidao Bay and the other three bays, contributing
to the difference in benthic community structure between Wuleidao Bay and the other three bays. Eutrophication in
Wuleidao Bay had some negative impact on benthic communities. The macrobenthic communities in Rongcheng Bay and
Sanggou Bay were interfered perhaps due to the tremendous impact of intensive aquaculture activities on marine ecosystems.
It is important to protect the macrobenthic communities by enhancing management of marine aquaculture, strengthening the

concept of ecological health of aquaculture, and rational exploration of marine biological resources.

Key Words; Rongcheng Bay; Sanggou Bay; Wuleidao Bay; Jinghai Bay; cluster analysis; non-metric multidimensional

scaling; Shannon-Wiener index; ABC curves
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Fig. 1 Sampling locations
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Table 1 Species constitutions of benthos in study area

%2 Spring K2 Summer #ZE Autumn 22 Winter
W Bays FiiZR Species W bl SR Whle Ko Wblve R He A5/ %
Numbers  Proportion ~ Numbers Proportion ~ Numbers Proportion ~ Numbers  Proportion
SRS % T2 Chaetopoda 19 50 24 36.9 16 51.6 17 50
Rongcheng Bay ~ F522h#) Crustacea 7 18.4 13 20 5 16.1 3 8.8
B ZhH) Echinodermata 6 15.8 6 9.2 1 3.2 2 5.9
ARSI Mollusca 4 10.5 20 30.8 8 25.8 7 20.6
HAth Others 2 5.3 2 3.1 1 3.2 5 14.7
S Total 38 100 65 100 31 100 34 100
RN £ EJE Chaetopoda 16 57.1 20 40.8 18 46.1 20 50
Sanggou Bay FAFE8IY) Crustacea 3 10.7 9 18.4 6 15.4 4 10
W2 5% Echinodermata 4 14.3 2 4.1 1 2.6 3 7.5
AR Mollusca 4 14.3 16 32.7 13 33.3 11 27.5
HAh Others 1 3.6 2 4.1 1 2.6 2 5
2 Total 28 100 49 100 39 100 40 100
VS £ 2 Chaetopoda 10 40 21 4.9 6 30 8 33.3
Jinghai Bay TP FEBIY) Crustacea 6 24 8 16.3 6 30 4 16.7
W2 5% Echinodermata 2 8 2 4.1 1 5 0 0
ARSI Mollusca 5 20 14 28.6 5 25 8 33.3
HAt Others 2 8 4 8.2 2 10 4 16.7
S Total 25 100 49 100 20 100 24 100
R £ 2 Chaetopoda 9 34.6 8 34.8 6 40 10 37
Wuleidao Bay FFE B Crustacea 11 42.3 5 21.7 0 0 8 29.6
WU 38 Echinodermata 0 0 1 4.3 0 0 1 3.7
AR Mollusca 4 15.4 9 39.1 5 33.3 6 22.2
HAh Others 2 7.7 0 0 4 26.7 2 7.4
& Total 26 100 23 100 15 100 27 100
2.2 RHF

RS FH . BN LR LA E A B A ke B, & 2= 00 D0 SRR AR i B IS B IR 2 RSB 55
W B AT VS BEG RN e ARG FR R /N R A K g T FRE BIF, IRT 4352k 3185. 2 1 1900.
3, FIWIEPUZILATRAFD 8 Bl , ZE2 6 Fh, 5 75% AR 2 B, 5 25% ,H RV ETE 4 AFTTENAL
PP, SRR T2 B T A BK A ZR W A W S R A 3 i S L ZE I L SR S R YD A VB I, IR 430 R
2515.9 F11034.0, F22 58 F L LT A IRLIIR (R 2) .
2.3 BRIy K LZS )5y A

FHHAERIIE(UPGMA ) 143 F 7 1% LR m 5V V5 R TT 19 A sl (57 R A7 BV 4544 20 A, AR JE it 2 44
BE(NMDS) HEF kR & 2 BOMA s RE039/0F 0,20, i H Z4E SRR RoR (K 2) B2 7]
L HZE 19 DU REAREAR T 2 B SR — RSSO 12—19, BSR4 5 7 20 T R AFE
7 1—9 11, BPZe S FSms . B 20l 70 AR HE, B 1—5,7—8 10—12,15 s — R Af, 1l 9.13—14
16 Sl e — BB, 2 4 MBS RRE S5 I T BRI 4 . BEERHAREOTR 200 2 BB, 2R
V5 (1—3,5 S ) ZRIT (6—11 BhA7) SEWFWS (12—14 3507) 2 50— B A R A2 B Ts
S (16—19) FIFFE Y 15 S 3L RIMI AL, 4 22 R E0T 4 R WA JRBE, S5 W T8 (12—15 34 ) N 22 i i
(16 ,18—19 3 ) 40 A — B BE , SR (1—4 B501) FIZEVRTE (7—9 , 11 507 ZH s R BE
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Table 2 Important components of dominant species in the study area

AT IRI

1% Bays —
Taxa %2 Spring H 7 Summer #Z& Autumn & Z% Winter

ML H ARSI & Amphioplus japonicus 2637.9 4514.7 1234. 1
Rongcheng Bay FML ARG Moerella iridescens 1245.5

FUFEL Gammaridea 1087.0

ANEIET L Sternaspis sculata 1082.6

W= HEE Yoldia similis 2003.3

Ji SRS Angulus compressissimus 1650.1

/K B} Capitelliae 1288.0

KARTIUS Modiolus elongatus 3185.2

W Didimacar tenebrica 1900. 3
R KU Lumbrineris 3578.0 1158.0 2979.8 5992.0
Sanggou Bay 22 BBV JE Audouinia 1985.1

225 BT A} Filograninae Rioja 1167.6

ANEIET L Sternaspis sculata 1506.

W B Yoldia similis 1210.0

SR AT Lumbrineris heteropoda 1200.2 1613.

2268 AUBL Cirratulidae 1166.

M VRS Moerella iridescens 1011.
VS AR Siliqua pulchella 4806. 3856.
Jinghai Bay M Sagitta crassa 1589. 1214.

H A FY)1T Nemertea 1039.

RIPTJF Lumbrineris 2515.9

Bl Scapharca kagoshimensis 1034.0

WORIE52: Protankyra bidentata 1221.3

/NS B} Capitellidae 1241.6

BT Sternaspis sculata 1237.9

HAKF VTR Magelona japonica 1091.2
HA2HE WIS Siliqua pulchella 7322.0 1207.5 1973.4
Wuleidao Bay JIK4TH2 Rapana venosa 1597.9

IR 55 JF &2 82, Eocylichna braunsi 1384.8

MBEG Dosinia derupta 1125.0

1253 R} Corophiidae 1052.9

W

S}

2871.2

oo W
0 O N W O

2.4 JEWESIYINY Margalef =& BEH8 5L Pielou 5] 84U Shannon-Wiener Z2FEME$5 4L

2006—2007 AFXF L ZR > By F K 4 ASHF 4 D F0 IR 34 Margalef -5 BEFE4L(D) Pielou ¥ B 45
H(J) A1 Shannon-Wiener ZFREVEFREC(H') #4700, 25 W3 3, MR 3 AT LIE B, RS fRIET5 1)
Fw BEAREU(D) W S Ty s 2 0 T 4 /NS B 5 BEFR A () TC i 3 25 5 R U 1) 2 RE A
BH)BESTHREE, B2 50005 KIERERENEEERE(D) BEmTHAEE, RREM
FIGTEREI S EEFREL(J') = T 22 50 | RIS RIS I TS 0 2 FEE R A (1) W3/ N T oR B0 O Hax 3 AN
B2 (H) BB E S THRARE, &, RIENFEEERE(D) RES T IR0 4 MEEHk
IS EARE(J) TR E R MRIGERN ZHERE(H) BE& & THE 3 MEE, &5 RUEN+E
JEREE(D) BE S T 12 505, SRS MR WS W ) R B () W3 TYE 1, X T 244
(H'") AR N FIGTE 52 & Tog s
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Fig. 2 Group average clustering (left) and NMDS ordination (right) of sampling stations in the sourthern Bays of Shan Dong province
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LaRaBSH (N
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Table 3 Margalef index, Pielou index and Shannon-Wiener index of benthos

= ja3e Fu BEAR AL BI5] a4 GV EZESEX I

Seasons Bays Margalef index(D) Pielou index (J') Shannon-Wiener index (H')

#Z Spring SR 9.9+3.8a 0.6+0.2a 1.7+0.2a
E=Sapes 13.3+1.3a 0.7+0.0a 1.5+0.2ab
iR 5.7+1.5b 0.6+0.0a 1.5+0.3ab
AT 4.920.6b 0.5+0.1a 1.3+0.3b

K2 Summer SRS 9.6+3.0a 0.6%0.1a 2.0£0.2a
RV 7.3%1.5a 0.60. la 1.5+0. 4be
VT 8.1+0.7a 0.5+0. lab 1.3+0. 4c
H2HE 1.3+0.8b 0.3+0.2b 0.220.1d

Z= Autumn e iRE 4.5+1.8ab 0.5+0.2a 1.1£0.2a
R 5.6+1.8a 0.6+0. la 1.5+0.3b
VIS 3.4%1.1ab 0.5+0. 1a 1.020. 1a
H2HE 1.6+0.5b 0.420.1a 0.720.3a

£ 2 Winter B0 RE 5.2+2.5a 0.6+0.1a 1.4+0.5ab
E3tape 8.9x1.5ab 0.6£0.2a 1.60.4a
bR 7.8+0.7ab 0.2x0.1b 0.5+0.2b
H2HE 13.4+5.0b 0.6x0.3ab 0.9=0. 5ab

AR FEAREAE0.05 /KPR R BFE

®4 LFEFLEDEER E N EANETHRERFHERS SN

Table 4 Factor analysis of main environmental variables in Spring, Summer, Autumn and Winter in four bays of Shandong

#Z Spring 1§43 Component H Z Summer 143 Component

EE 1 2 3 4 SEN 1 2 3

K 0.9 ey (LN T -0.9

REERE -0.9 PR3y -0.8

M43 a 0.9 SRAETRBE -0.7

I -0.8 K 0.7

a3 -0.7 HhF 0.6

Btk 0.9 kR

iR AR 0.9 iR AR 0.8

RERRER 0.8 WA A 0.8

WERRER 0.8 4R a 0.8

B AT 0.9 B 0.7

SR LS 0.8 ey i 0.9

iR 0.7 Beth 0.8

BIRSA 0.6 pH fH 0.6

pH {H -0.9

#Z Autumn %43 Component &7 Winter %43 Component

SES 1 2 3 xR 1 2 3 4

KA 0.9 K ik 0.9

EHEN -0.9 FHEGR 0.9

pH {& 0.9 EN s 0.8

K iR 0.9 ey i -0.8

iR AR -0.8 REFRER 0.8

SR -0.7 R ER 0.8

Bk -0.8 B 0.7

4% a 0.8 4R a 0.7

Ry 0.7 ST 0.615

ey [N 7 0.9 Bk 0.9

Vi 4 0.7 By 0.8

SR -0.6 WA A -0.9
pH {H 0.8
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2.6 FEAIENZER SN Margalef £ 5 FEFEE(D) \Pielou #5844 (J') Al Shannon-Wiener Z 1445
B (H) WARSCHE B

SrBIRT IR A 4 R AR 2 BK A 4 D ZETTRYEE — U T IR EE R 5 R AR sh W) 2 R
ﬁgﬁﬁ( Margalef F£EEIH (D) . Pielou 5] 48 K (J') Fl Shannon-Wiener Z FEME R AL (H")) 17
Spearman AT (£ 5) AP RKRM FE ERERE(D) SAKIRMITER a B 2 FFAHKKR(P<0.05),
FHIC R BT 1 -0. 55 FI-0. 59, TSI EEFREL () FIZHREEAREC(H') 5 5 A F o PREE R R AR TC W 3 AH G
P, B2, FEBEIRE(D) YR () MEFEEIREC(H) #-5 RAER EF S 3 52 8 35 1R AH G (P<
0.05) , M EEFREL(J ) FIZ AR (H') 5KIR SR R E AR (P<0.01) , B, & AL
(D) MZFEEIR R (H') SR IEA S (P<0.05) , 7050 5 16 A FRER FIAF R £h 12 TURH G 28 | A8 &) BE 48
()56 DT B R RARTC B E M, 42, FRE (D) SAKERAMRFEREEFAAHKLKR (P<
0.05) , SR IEM RN (P < 0.05) SRR SR a BREEMRKR (P<0.01)  HKHR
Homo.67,

£5 WREERERIERENYSHEHNEZSHE Spearman /X217

Table 5 Spearman correlations of main environmental variables and parameters of benthos community

=4 KL i TRV MR a s e
Seasons Related Water Water depth Chla Salinity Diseolved
parameters temperature Oxygen
T D -0.55" 0.45 -0.59" 0.44 0.37
J -0.14 0.16 -0.33 0.12 0.26
H' -0.15 0.12 -0.36 0.22 0.12
HE D -0.54 0.50* 0.33
J -0.70** 0.55* 0.39
H -0.75"" 0.66 " 0.38
e D 0.53 = 0.17
J 0.27 0.15
H 0.48" 0.17
27 D -0.76" -0.69* -0.15
J 0.11 0.02 0.67""
H’ 0.15 0.09 -0.03
e S {5%75@% o {5%7563 TR AL
Seasons Tol'all Dissolved Silicate pH Dlissulved Phosphate
alkalinity phosphorus nitrogen
HF
HE 0.62** 0.45
0.68 0.38
0.79** 0.50"
B -0.52* 0.25 -0.09 -0.41
-0.19 0.01 -0.23 -0.40
-0.43 0.14 -0.30 -0.55"
G 0.66" 0.27 0.59
0.39 0.21 0.15
-0.16 -0.28 -0.07

#*P <0.05, * *xP <0.01
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Fig.3 ABC curves and W value of macrobenthic communities in the Rongcheng Bay, Sanggou Bay, Jinghai Bay and Wuleidao Bay

of Shandong

3 itig
3.1 FhAA RIS 4549

PHAE A2 SR | SRRV RS TS KRR sh R 2 o, Z B KW EF H K A0 LR e, X
T4 BV A B, ST s AR R LB RS R R L B, Bk AR A, Z BT
Bl (3R 1) , XRIALER S 2006 4 7—8 J 1 RE B I KT AR A 25 SRS AS M AT , R sV IR A i 130 36
ORI Zh ) 192 b, 2B E 5 64% P, RS S0 AR AL | S 8 7 I VS A DR W
SR JR TS R T TS OB A SR S B LR, TRV RD A 3, 2 LTS S M D RIS R RO TR A R DT R 0 i
22 BV B DU R R BN RIS, BVl 60% —T70% , &bk 30% —40% Y o WL, AR 2K 5 R A 4
ANV KA S B R R S I R R I 3G . RIS G R AR i 2 b BE 9 O 0 L AR
B PRI S 19 AUk A TREE S5 AT A T (A2 19 IS BRAREAS TR 4R 2 B B — B N I
VBRI 22 T8 5 IR S TSI TS 2 4 NIRRT O REE LSO I R4 BRI R BT Rl 43
F 2 ABEE, ORI ISR — R W R R IR, S5 R SR
IBTER B B ARG O 5 25 5 KW Sh W TR TR S5 A vl BEARARL . S VRV 0 &2 R VB TE AR (A BRIl
IRBEART , AR A2 B8 T REN 8 35 M R 250 I IR WE sh i R . BB L 278 5HE 3 MBS EA S A5
BEZES ERCRFRESE ]S ETL 2 57 BN S RS 540 5 HAl 3 MBS TEAEE R,
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TEAR YA L AR, 20 B BRI H AR 2 R L WA e RIS ANEIST e SR BES e AR
ANk B S 1988 AR SR BT A S i A 45 R R KR 15 m S TRE N TR TSR S W i) DL 5 o A
IS SRRV A | H AT R KW vb RS F R AR ) A e 2R T AV Sl PR A R R S A 22
o RIS 4 FIAIH 8 Bl ZTI6 Bl 5 75% BRI 2 B, 15 25% , HUFHH b IC R e sl W) FI KL
Zhy, RS EICE, 1988 4FSINTE RS IR 247 20 Bb Hh Z B2 8 Bl Bk 5 b, 1 5esh
Yr6 Fi B A 2 U SEARSE TSR VAT IR R 2 R SR, LA T IRK R Sh M0 S T AR TR R
R 325 FRD 70, 368 I T R B A R P T B = Y S T R i 3R VA Y U G B0 0 TR T 6 R T Y S R
— o SRS AT N IR K AR S LS SIS R R RSB O R A, e R R
(2 XL SRR PRETIR (3 2) | 45505 D3 s IR W Sl 8 A S5 AR AR A
3.2 REVRMG S ZREE K SRR T 1 5C &

Shannon-Wiener ZAEPESE R (H" ) 78 [ NS 38 4 FH A R oK KR S e v 2 M i A2 1, e — A
BAFE IO TR ARG T W ILAR 5 RS 4 NS W S 0 2R B (1) #EAT A BT, 2R
W, & R MIERWSI SRS R (H) e Bk A TSI IR S 2 RIS B (1) e, R B Bk
=R BE RS ZRNEAR L (H) ARG, & 0 i S IR sh W) 1 2 FEVESR RO (1) ek, 24

RECCH' ) 1025 5702 T 2R LTS TN SV LA 3050 1) Margalef 8 BEARE(D) M L2 581 F & EHRE(D)
FI2Z=IFTE ) Pielou S 5] FERE(J") FEXT ALK,

RIYJEAG Sl [ i 32 i JZ /K BRI BRI, o, K SCIRBL B E T B IX AR 19 2 A o
1, FE R — AN X SRR BT, A1 T RE T oK SCAAFA [T A 58 2 AN R B R 1 B, SRR Sh 4 1) A ) 2 4
PRI AP I AR AL R B & 4 DT — B T IR R S 2R
(H'") #E47 Spearman I, 4 REW] F &5 ZRAEIEE(H") S5 T BFE Y 325000 BRI A 3240 J0 . 5 A1
Kbk, B, SRR E(H') SRR FIE AR & 825 IEAHOC, 5K A 2 3 I UM O OC &R . AR UBIFSE
B 0) TR 2 o b i S 2 R IR AR ) A A e P SR 4 R AR — B A b iy B 2 5 KRR sh it v
F5e R DG TC A 7K P85 PR g KRR ) 008 v S (A 7K L A R A B8RRI A8 25 1 T i B 2RI
KWL EFILAR N By 2R B 1 /KU A S B I Yt A LAV E Y, DR 1 B G Sl 114 DX 3 e o R 8 o
i Bk KBRS i 2 RE MR B (B ) SR R S TR DC G R A SRR WY, KA v 8 3R SR 1 o8
B KA EA Bl 2R P S AR R A, B BT 5 A X LU 7R 5 A 35 4 VRS RIS s R 38 77 2 T —
AW, B2 K3 1A E RS AR B CH ) A B, R0 T 22 5 V8 T~ B A BT 7
WFt R A LR B IR A2 R T RV Sl 1 2R R KRR
3.3 A IRBhXS KBRS PR i

Warwick 4 H FIF B2/ A= Wi FUAR T 2 ( ABC i1 ZR) 35 I N O 410 3l sl PR 5 T75 e 0 R R I ARG sl ) A v
(RN 20 AR LU ZR P 2 B 0 19 AN RIS (0L 4 A2 1 = B2 A A 4 b B4 ABC ik (1813) . B3 ]
T, AR 5 P B 2 FSCTES 0 S TR S 64 ABC 2 v A= ik i 2 R B2 I 2 AR A2, R A 2R S 32 13
JEA S PIEvE AL R S5 T POIRES . YRS 2 2 P SRR B A T5 QA0S AN AR B b B8 DI 3 5 i i1 553 , ~F
APy B AN I SRR IS | F M E Y ph Al B S, sl B 0 28 3, Il T 5 i 52 2 o
JFET5 G, A=Wy AR BRI R 7RO L BRI A NI R L B Rl A R R A
R AT A2 L IR AT RN R VR VS IRV S 0y o 28 2 BRI A S 2 i b 22 B 2 Y L 09 B v, B B
P i PSR 2. 6% —15.8% ZIAI (3 1—3 2) o Hiaf W RS I 11 04 A8 SR AV 2 0 2B 25 A A i il i, 78
—EMBTGYOIRDL T, 2 B FELEFP IR B 15 T 3 A 38 0 iy 360, v e g sl 0y R Al | L =
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