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(PEMERBERFN #8 266071)
TUREB S RNY MBS  264000)

mE Y2 1993 4F 8 A BT Z R SRE SR, SBURMI A Y =+ B9 T 5526, k3.
BESY. FELEEF 10 MERE 2 W REEFHTTREEYHA SRR T EE
ZILE R4, A EE B AMEEY R R R — S IFE5 RN R AT, 3
5% 5 2 BORME T 3 L4 47, SRR W, GBI R E 7 12 L SBURHE S W B K A AL
ML, ,

Xgin  EREB OREFE OEMEziY a4

EHIES Q1781

TR & 205 e AR TR 7 Kt A BN DR (R, 1978) , BRI R EL
b, BT W R A ) B G R B . AT 3 0l i S, HE Ui, 4 055 A T sh R ma I
BY 5P E 2% (Fowler, 1982), BHRUHEY R, %8B, FHBNFHEAEYK T
R EBENR BXEMAREFHESE W, SBAEYHEELS W BUE (Sanders er al,
1980). Bk, RMEYFHFENSHMARERRIEROAETE,

ZREKEHERFEZEE T TALBE/KAR T AT K Z# O ELEFENE N,
A SUARHE 1986 4EF1 1993 FE KA E A TR LB R AR, HERMREXEEATE
IO, R RN AR EHERAETRAWRE., AT TZRER
W HERAERRGXR.
1 #EFAE
1.1 HmEEMSH

1993 4 8 AEZREHBH T 20 M NERERAZGCRASFRA . AGHEIRIRS
ARKAUAFTEY 10 FHER, TMEA 19 WA FEEA193% / FHEE@ED. A
HNM RIE 288 RE R A Y R R RS, £ YRS, R E F 4R IZOFF BRHLTEYH)
ML #EATHY, S E W58 s REAR B RIE 1 FiR.
1.2 BESH
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Tab.l Approaches to determine the various 121°37 121°42 121°47 121°52'E
contents in sediment and their detection limit N ‘ '
mH S¥T e i R
Eh CADAIE S 37°58'

Hg ¥ IR F R WOE BE 5.0x107°
Cu  KBEFREMEEE  1.4x107°
Pb KRETREDHEHEE  3.0x107° .
Zn  KBEFREINEEE  58x107°

Fo  KMBIRFRE MR

Mn KEETRE LR
Cr

TG RFREHHRFE 1.7x107° 37748

; -6 ’
Cd KB TR R 0.04x10_6 Bl R
?ﬂl RASHHE B 2.0x10 Fig.! Sampling stations in Zhifu Bay, Yellow Sea
BHE HERGFSL-EEARE
WAy 3 %3 40x107°

ST I 19 4 (5 BUEAT FIKE, RM), SLLRAREY 87 f, Kb £ %
40 7, KUK 27 Fh, BRECEIY 6 R, S 11 A0, HE 3 F, LIS BRBEEA M IR R
TR (R (MR, 1994). B b 3R PR 6 340 . M b 2 BUELAR SR B 0 10 b 0 5 B
% 12 TR B AT U340 47, S5 R M0 2 B

SRLBHERIT .S = kif, = n—k— 1. 3o kAERIDE 0 HAE R WL,

R EEIVSHFREBFEASHHER

Tab. 2 Results of regression relationships between the benthos and environmental factors
in Zhifu Bay, Yellow Sea

Moo Eh Hg Cu Pb Zn Ccd Cr Fe
KkHROE -9.23 50.45 -1311.3
RYE ~1.26 -18.56 -38.61 36.41 ~4893.06  —37.42
E 4211 X::) 35.344 —-951.52
it X 1.15 8.126
g R 0.09 816.54 -2.716 2.03 —0.49 1.836
SEREE 2.04 6318.5 -17.26 —4053.57 16.31
WRR TS —1.048  —456.42
B 40 B R -0.159 —655.61 0.995 0.46 -2.511
g1 0.488 -0.24 214.00 ~0.843 13.432
BEE ~1.47 4,022 384.37 ~1.454
EE% -13902.7 432 -3433.6
ks -3.037
% 1040.80 -17.804 12.704 1161.14 -129.24

B 39 1.88 7703.23 -22.49 —3890.4 18.62
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g2

oo Mn H AHHLE s> B K F
KHREDE 1659.17 0.574 246
RU&E —84.07 0.972 34.22
&g R 3.828 ~78.91 1516.4 -892.57 0.962 32.33
JRER R 0.206 -3.814 —200.43 1.328 ~98.782 0.990 95.48
248 R —0.152 27.088 0.896 4856
SRR -1.19 615.58 0.665 1.58
W TS 0.966 45.983 0.048 89.122 0.643 1.836
ESE LY 0.04 1.403 62.515 -0.012 —37.993 0.989 4591
B 0.037 —-0.215 0.944 16.4
BEE 0.05 1.987 29.05 —60.492 0.944 130.3
R 8.7 ~68.5 3378.0 —594 0.921 11.1
Bikshy 0.191 59.39 57.204 0.583 2.40
s 161.41 ' ~1.046 0.924 10.76
WY —1.47 713.21 0.619 1.14

W 3 LA 5 SRR YR RAH XM BRCR RN, Fk, SRR £7 £,
R, AR GEAS, (A TUNFREMIEFER PEHZ RO ERREEE. F
HXT F, , ()% RRERFEN, KAXRAREEW RZUFEE. RIAHT5E
MR AEYA LTI, AR Fla) IR

£3 EWHEEMREVN L £ £ REBENNAF ()E
Tab.3 Values of & f,, f and F(a) for the various type of benthos in Zhifu Bay, Yellow Sea

A Rh 38 k fi P F(0.05) F(0.01) F
KHEDE 3 3 15 3.29 5.42 2.64
BRU&E 6 6 12 3.00 482 34.22
EZ7%0 X\ 5 5 13 3.03 4,68 32.33
R 6 6 12 3.00 4.82 95.48
R 7 7 11 3.01 4.89 4.86
SRR 6 6 12 3.00 4.82 1.58
W T S8 5 5 13 3.03 4.86 1.84
ZESE- 1 9 9 9 3.18 5.35 4591
Bhiig 6 6 12 3.00 482 16.4
BEE 7 7 11 3.01 4.89 137.27
ZEAE 6 6 12 3.00 482 11.1
Ly XL 3 3 15 3.29 5.42 2.40
HFA 6 6 12 3.00 4.82 10.76
W3 6 6 12 3.00 482 1.14

2 ZRME
21 RHEEMSHEBREAXR
BRIAURE, ZER PRERTFVEEE, MAEMREXAEE HEGE
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E5 001, LFRE, RUE (L latreilli) , & 2888 B (Tharyx multifilis Moore) . 7R 8 i
(Cirriformia tentaculata) . 288 R $l (Sabellidae) . B 40 0 B (Macoma praetexta) . i H5
(Mya arenaria). B B3 (Corophium sp. )BT FBE X, BB LB FARKT
F(0.05) b, XK H KT F(0.01). T K o R W & (Lumbrineris longifolia Imajima et
Higuchi) . & [K¥¢ B (Ophiura kinbergi) . W78 T S8 (Fulvia mutica) WEVAFTBAREE,

REFBOEEE SHYREEYEWAE EEHERNREBEF, ERPE. 2.
RAVEHSEHABEZEBRNEE, R85 8. FNENTETFERFEER/DE
EER. FEEENRRMY EEFHEFERFHT£ 4.

F4 ORFEBEMHTIEFRBFREF

Tab.4 Characteristics of the dominant environmental factors affecting the significantly related
species in Zhifu Bay, Yellow Sea

I Hg(x10™% Cu(x107% Pb(x10~%) Zn(x107%) Cd(x107% Cr(x107%
AeE 35.56—228
E 2200 X 15.73—93.06
RU&E 15.73—93.06  33.79—49.75 79.62—203.1 0.007—0.108 31.15—97.63
B 40 B e 0.014—0.645 33.91—68.51 82.22—306.9 34.13—87.03
Big 30.98—38.55 79.62—131.4  0.01—0.095  31.35—55.31
BREX 18.53—228.3  33.91—68.51 0.007—0.273  34.13—87.03
2R 0.014—0.256  16.52—93.06 33.79—48.97 82.22—168.9 34,13—59.36
M4 Fe(%) Mn(x107%)  #(x10%)  HHHE (%) S%(x107% Eh/(mV)
Zit X 354—623.8 6.83—157 1.073—4.473  164.1—914.1 —320—-155
ES74ly 1) 1.857—4.47  342.4—707.7 0—23.7 0.313—2.524 —279—-108
RUE
CESE Lo 3452—4948  1.50—157  0.341—4.473
D 2.412—2.668 2.72—914.1
BEE 3424—4948  2,10—157  0.341—4.473
g 342.4—557.6 —240—-108

22 RETUNEHEDERERERNRIE

221 EEFREFHENL 5% 1986 FHMBMERFRERE GRREEM T TR
RIFE RN TEHITH, 537 1 RPN FEMR), EBOE R X884 R B F #1473t
87, BRI TF % S,

MR S TA, BRRMEI, RASTH TR AXHER R T8, 1993 41 1986 4F
HERBERS, UPHEZLE, FRE 20 5. 83k 14 4. 835 13 5. Rtk 43k 8 4%,
B35 2 B, FEABRLYE AL AR EE K 35%, 100%, 95%, 15%, 10%. AKX LR 5 R RE
PR E GRL 8. 40 B4R 8. T BRAL Y. B LRI VD M B, 1, 2, 3,4 SR B 4K
KA T,4,5,4 T, RUBBHEERETRBRE. SUBNER, SRYRWLGTEHER
FEBEmRER LY BN ES, ZRTREEMAGNIEA.

222 JRWEYBENRE  7E 1986 FF. E _FHTHIEN Y AE SRS
W7 RS 7 R, S S B, AT R R FE (Usterias rollestoni) . ¥ HE (Asterina
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F5 RRFBERTFHHTHH (X107

Tab.5 Statistics of the benthic environmental factors in Zhifu Bay, Yellow Sea

£4 it Hg Cu Pb Zn cd Cr why
B/AME 0.03 0 0 0 0 9.64 0.59

1986" BAM 0.37 7 13 37.5 0.4 64.4 86.99
T 0.096 1.45 2.90 9.23 0.16 23.86 21.66
il 10 10 0 0 0 0 0
B/ME 0.01 15.7 31.0 79.6 0.007 31.2 1.65

1993 BAE 0.645 228 68.5 307 0.273 96.7 914
FHE 0.084 42.1 40.4 120 0.049 48.3 169
xS 10 35 100 95 0 10 15

1) AR R REFII, 1986, WESTEBH IBREEMMAEB. 1—200
2) SEBBENBERESSHENVABRKSA, 1985. 2EFREAEERRELSWERHNE. X,
W, IX:94
pectinifera) . B 18 B (Luidia quinaris) X ¥ i 7K J& 8 7= # 40 B %) ) ¥ RB (Temnopleurus
toreumaticus) EME NP R W EF, RENHE A B A FETRERHI RIS
(Musculus senhousei). ZRABERNERULER N, FEF L LM R FER. R
B EKHRVE, HRABREANESERBEERFREXNOERE, EMNHIAEBREEY
1—4,7—9 S, MAB R RE 1—4 S HA, UHKREMESHAE (0S5 525) 54,
1986 4E 5k H Bl 5 47 68 X RE TR V5 3R B0 A, 1993 4E R BLIE A Fh AN BEZI B o8 BB, B KB
f/E, BB 17,19 53, B EBHEIE 758, CABRMREER, e KRR L
Bfh, WAL R 2R MERE TSR AREM, S8 (Macoma balthica) TEVL
RYy ¥ Bk 1000 x 107 %8, A KR HA KT x4 (Roesijadi, 1979), 54
XA ARSI SMSEBIEMAXNERAR. REHREEF 5 RaEg e m.
LR, ZRENLLEEE BELERKESYMPEY, BE 1993 £ IT
IR A FREAR 1986 FERYE R HIRERN M EMRE. BNEEEMSIMBEESEM 1993
B 1986 ER B RABKUAE, WAZ RIS AR R EE X B B BA AT N TR
23 S£YMRBMIBEREY
231 APRNR AR BB R T WL I (Chlamys farreri) . 81885 (Mya arenaria) .
TG (Mytilus edulis) ZRAEYREYENESERNAHM TR, X6 Fim, HEG6H
0, AFL R DU AN RD v M T RVR A R BB K, ATHVR B RN, RGN T KBmEEN
4.4 x 107°, & T Widdows % (1982) BT 8 i {5 %8 116 JU 4 +< 32 0 55 e IR i b v ey 9 E M
(7—68 X 107°), FAH¥EEEERAL KB & &5 37.8 x 107°, AL T Fong (1976) iR 54 1 By 3k
BE(E 220370 x 10 ~°, BUZMG TS5 B b R 3 MM AEF, X 5 B3 444 RAR.
232 BAAEY EHRRZA (1966) R IEEA 31 5K FURGUE B gL L 4 1,
AR AL T 15 Y /3L B (Capitella capitata) (bF 15545, ] 7 RARPEE /MK BAM
BRI S IR LB, AP RTLAE Y, AR s /N 3k e R R M54, HEERE 1 140
AN/ m’ ALEF AN/ o, ERBHERMAERRZNMNERA -, B, S LM
BUORBREHMAEAS R RNERLSENRNBE, EMNETHEREREY. WEiR
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£6 EVUAEREMANERSRERERMITE Q0]
Tab.6 Contents of heavy metals and petroleum in the organisms

and their concentration coefficients in Zhifu Bay, Yellow Sea

m B Cu Pb Zn cd an
B 8.17 7.18 1.62 0.77 2.59

EL. L I 4.20 47 39.0 1.3 15.0
- 353 115 4.8 60.5 — 113

i 3376.0 11770.5 72.5 20610.8 68.5

WRERH LR N 1735.5 7704.9 1748.9 35135.1 396.8
3031 7278.5 7384.6 1784.7 — 2568.2

R a B I mis REREY, XILHAEY AR FEAERARRZ A RENTHFE,
RRBX A Yy S RSN R A BORHE M. B Y BB REY R T AT LIE G, 35
BRERNE, A& B, F—E Y3 A RS 5 UL RN R A Y 3 R — 15 Y B 9
BRBEAHRE, KRBT AW 0t 55838 B, 45 I T 4 5 20 S0 R R 08 SRR 0L BY 18
ANEY, ARV H, B LM R, RRE. DRGSOV EREREY.

®7 NERAEARANEBIREH LR

Tab.7 An environmental comparison between Capitella capitata and

Cirriformia tentaculatain Zhifu Bay, Yellow Sea

Hg Cu Cr In Pb cd
pi40 s h3k B 0.016 2.25 0.70 29 0.54 0.023
(x107) A8 0.025 2.45 0.69 38.8 0.58 0.073
I35 kB 0.057—0.645 15.73—228.25 31.15—87.03 79.62—306.91 35.14—68.51 0.01—0.2732

(x107%) R 0.044—0.645 35.56—228.25 55.31—87.03 131.35—306.9 37.45—68.51 0.095—0.2732

3 i

Wit 1986 #1993 FE KA FHRAELERATUEF L, ZREBREFFREFEWILE
WERETHERENL, SRYSERMEEK, HKPESBERIVRY, MENERTRE
BELMA. EYEROEERBARES, X0 EYE=4E S SR ERENE, SR T AW
SHAYMBERRN TRERT, MITHENRE LA, BB HR LR, #Ehi
R, REET AEXTEYRERUREY SRR ERE, RTIBEYHAEZBRE
BRBEFEAR R TH LR,

8 £ x MW

EFGHER, 1991, HERMHAE. b SEHRE. 69—281

2EE, 1992. KAWL E. AFE. FESIHN KL, 28—43

REN, 1978. KIOEEAELRNEBIE. BESHHE,. 9(2).168—182

2MR, 1994, FHEZREKERM Y ESHREARE. BEFEME, 1303):1—5

Fong W C, 1976. Uptake and retention of kuwait crude oil and its effects on oxygen uptake by the
soft-shell clam, Mya arenaria. J Fish Res Bd Can, 33(12):2 774—2 780

JERRZ A, 1966. KAEBEAR. K. FEEKEHRR. 40—43

Fowler S W, 1982. Pollutant transfer and transport in the sea. Florida: CRC press Inc. 1—65



1 # k EE ZRBERAERTEWSIWHESWOE®E 59

Roesijadi G, 1979. Marine pollution functional response. New York and London: Academic press. 69—83

Sanders H L, 1980. Anatomy of and oil spill: long—term effects from the grounding of the barge Florida off
West Falmouth, Massachusetts. J Mar Res, 38:265—380

Widdows J, 1982. Responses of mytilus edulis on exposure to the water-accommodated fraction of north sea
oil. Mar Biol. 67:15—31

THE EFFECTS OF BENTHIC ENVIRONMENTAL FACTORS
ON THE STRUCTURE OF BENTHOS COMMUNITY IN
ZHIFU BAY, YELLOW SEA

ZHANG Bo, GAO Xing-mei, SONG Xiu-xian, MA Xi-nian, SUN De—huif
(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)
Y(Environmental Monitoring Station of Port Office of Yantai, Yantai, 264000)

Abstract This paper introduces the work of “Environmental impact assessment (phase III) in
Yantai harbour” in the sea area of Zhifu Bay, Yantai, in 1993, The samples of benthos were
collected using an HNM mud dredger and analysed in laboratory. 87 benthos species were obtained
and the biomass and density of these species were derived. 10 representative species (Lumbrineris
latreilli, Lumbrineris longifolia, Tharyx multifilis, Cirriformia tentaculats, Sabellidae spp., Ophiura
kinbergi, fulvia mutica, Macoma praetexta, Mya arenaria, Corophium sp.) of Crustacean, Mollusca,
Echinoderm, Polychacta and 12 benthic environmental variables (Eh, Hg, Cu, Pb, Zn, Cd, Cr, Fe,
Mn, oil, organic matter, sulfide) were considered in the study of the relationship between the
benthos and environmental factors. The stepwise regression equation of the typical species and their
habitat environment was established. Through these analysis, the principal environmental factors
controlling the density of some species were identified. The contents of heavy metals and oil in the
body of the three species Qf Mollusca were also analysed and the concentration factors were
calculated. At the same time, the indicator organisms of environmental pollution. were discussed.
Compared to the investigation data in 1986 about the content of the pollutant and the constitution of
the benthos, we have the following results:

(1) The content of the benthic environmental factors in Zhifu Bay increased dramatically in
recent years with the trend of spreading from the surroundings to the centre of the bay. In particular,
the bottom of the harbour pool has been polluted heavily, which is shown by the constitution of the
benthos.

(2) The structure of the benthos community has been éhanged. In 1983, the representative
organisms were some species of Echinoderm such as Asterias vollestoni, Asterina pectinifera, Luidia
quinaris and the clean water indicator species Temnoleurus toreumatice. However, in 1993, the

representative species changed to some pollutant-resistant species of Polychaeta such as Tharyx
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multiﬁlism,. Cirriformia tentaculata, L. lawreilli and Lumbrineris Longifolia. Temnoleums toreumatic
disappeared, indicating that the constitution of the benthos had been changed from the non pollutant
resistant species of Echinpdermatar to the pollutant-resistant species of Polychaeta,

(3) A quantitative relationship between the typical species and their habitat environment and the
distribution of these typical species indicate that the content of Zn, Mn, Hg, organic matter have an
appearant effect on the density of Polychaeta and so do the content of Hg, Cu,Pb, Cd, organic
matter on the density of Crustacean.

(4) The content of heavy metals and oil in Mya arenaria, Chlamys farreri, Mptilus edulis and
many concentration factors have been obtained. Tharyx multifilis Moore, Corophium sp., Macoma
praetexta appear to act as pollution indicator organisms, especially Macoma praetexta for oil pollution.
The results show that Cirriforima tentaculate is more resistant to pollutants than Capitella capitata
does, this differs from previous conclusions.

The change in environmental factors in Zhifu Bay results in an acute or chronic toxic effect on
the organisms; thus, the number of non pollutant resistant species declined, (some even become
extinct), while the number of pollutant-resistant species increase resulting in the succession of the
community. This process reflects the adaption of the organisms to their environment. This may
become an important aspect in the study of biodiversity and conservation biology.

Key words Zhifu Bay Benthic environment Benthos Regression analysis

Subject classification number Q178.1



