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Eco-environmental quality assessment of Luoyuan Bay, Fujian Province of East China based
on biotic indices. WU Hai-yan, CHEN Ke-liang, ZHANG Ping, FU Shi-feng, HOU Jian-ping,
CHEN Qing-hui ( Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005,
Fujian, China). -Chin. J. Appl. Ecol. ,2013,24(3) . 825-831.

Abstract; In this paper, two types of eco-environmental quality assessment indices that have been
successively applied abroad, i. e. , the AZTI marine biotic index (AMBI) and BENTIX index based
on the ecological sensitivity of benthos and the multivariate-AMBI ( M-AMBI) , a multivariate index
integrating AMBI, Shannon Index H', and species richness, were applied to assess the eco-environ-
mental quality of Luoyuan Bay, Fujian Province of East China, and the assessment results were
compared with those by the H', an index based on community structure, which is often applied in
China, aimed to test the applicability of these indices to the Bay, and to provide reference in selec-
ting the indices for assessing our coastal eco-environment quality. Similar assessment results were
obtained by applying AMBI and BENTIX index, and M-AMBI and H’. At most stations (13 of
16) , the assessment results by applying AMBI and BENTIX index, M-AMBI and H' were coinci-
dent, respectively; while at the other 3 stations, the assessment grade was high or good based on
AMBI and BENTIX index, but moderate based on M-AMBI and H'. Taking account of the rich-
ness, individual abundance, and ecological group composition of the benthos in Luoyuan Bay, the
assessment results based on M-AMBI and H' could be more reasonable. It was suggested that for the
Luoyuan Bay which has a high level of eutrophication and low organic matter enrichment in sediment
and is dominated by sensitive benthos species, M-AMBI and H' could be more applicative and ob-
jective than AMBI and BENTIX index in assessing its eco-environmental quality.

Key words: benthic invertebrate; eco-environmental quality status; assessment; biotic index;
Luoyuan Bay of Fujian.
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IR JE T RS 2B ) SRR B 4y 2 Y R B o T R R
R E TR R R AR 2 T2 WA, M-AMBI
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1.1 WFFRIXARAL

BIRIEN T AR 2 A 4L EB (26°19'—26°31'N,
119°34'—119°50" E, & 1), 5 3 & 1 L 216. 44
km®  FER AL 78. 18 km® , KR FEAE 10 ~30 m, JiS
JZERE 25 ~35. BRIE TS 1158 950 m, UL, J&
— BT T/ INIE R 2 5 P PR S 2 R T TR i
AU TLAEIIE A, AR TR PR K SE M3 /), 75
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119.55°
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Fig.1 Sampling sites of Luoyuan Bay in 2009.
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TR A e I e 7 o i S N HELH™ : Group T W%
XA HLY ) E AR AR U, MR s RS TR
(WIHERIRZS ) 5 Group I1 . Wy XIAG DL 1 & 4R AN
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Table 1 Calculation formulas of benthic biotic indices

YRR " AT X

Biotic index Algorithms:” Developed areal ]
AMBI [(0x%G 1) +(1.5x% G )+(3 v Btk
x%GI)+(4.5x%GIV) +(6x% G
V) ]/100
BENTIX (6x% GS+2x% GT) /100 IR it
Hoh.6S= 61+ GI,6T=GIl+
GV+GV
H’ n —_
- ZPi * 1P,
=1
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THE IR H WFD $2HE 9 G 2% 44 (htp - // www. az-
ti. es v.4) 58 . X T A FEYIFIE SR YRR,
SR R s S I TR R B AR e
1.2.2 M-AMBI 5%k M-AMBI 2 £ & Ji$ i 7o % HE
Y AMBI AR SRR (H) LR F 5 1Y
A TRE M-AMBI $5 50 1 FH B e 220 8 AMBI
H' VR =E B 0225 SEE(H. M-AMBI 45 511
BRH WFED #2488 1) e 2% 844 (hitp . //www. azti.
esv. 4) SEM.
1.3 TP RAER B E
1.3.1 ZHHMEENTE IR ICEHESIY AMBI,
H' =B 10 5 2% JE e (E DL SN bR o 10 F(E
(A 27 SCHR 14 ] 10 77 AR © A 19 858 e St
BAHRIT ], % SPSS 16. 0 #7434, B 582 )7 51
()5 A, H R = B IO 7 51 9 55 90% f{H.
H A A B S % AR, AMBL BUBUHE 5 51 6 55
10% (A ] % 9t 2 2% FL (. M-AMBI -4 47 i
AR Ty AR EEST B AMBI L H' 4 2 1
S EWEE R ATST IX 2005—2010 4F ) M-AMBI
P HME, THEEER P 5 1 BB FR R 22 |, S5 AL
T P8 121 AR S 247 18 b o i 22 () R, T LA ke i
FHERR LA 4 MU oA A5 R ) 1) 321 A

ATIEFE B i B UV A ZE 9 AMBL H' il
YIRS R S5 U 53 5 R 0. 64 4.5
F46, LI HEASF] A M-AMBI - K -H-25-45 2 [H]
(31 B 0. 88-0. 66-0. 44-0. 22, %30 FAH 5 b
Hh U DX R ) IV A5 B VA ) v T At g X3
1.3, 2 PPARIE  WED B A A8 SRR 4%
X153 5 A5G, I, A58 o T P 45 Bl
LK A ST R RO 50 5 AER A R
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5 PR EFEZ B R TS Y 22K Z A EH TS
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Table 2 Evaluation criterion for each index

BENTIX) & & #6880 ( M-AMBI) 5 30 = 1 FH )iz 1)
H' BIPPAN 25 Rt T M A HE. A0SR 3 2548 B e
SERAAE R IV b BE T A LR Wi i
ghER—30
1.5 HCMESHr

E%T‘E’T%&( AMBI .BENTIX M-AMBI F1 H') #14))
P BER (R 20 R A DURY) S DLk 4 )8
AL Y1) Z 8] AH G 53 B FH 1 38 UE AE P 6 4
o N AR5 R g Ay e g ) AR O i 3 SR Pear-
son FIEMESMT | B SPSS 16. 0 B A58 1.

2 ZERE5HHR

2.1 AREWERFRRG

BRI 2009 AF YA Y LR ZOR B IR 3. H
W Z R AMIER 9 3.5 .8 A 11 H 4 Mk Y
SEYME. PR 9 AN uh ALK IRECE, W R AUIR T R
b SRR RGBT R TS B A A A il 3 T
TR LR ok .

DU JE A 1) 7 A b A A LK (total organic
carbon, TOC) FIH 42 J& 7 & # L BAK. X B 3R = i
TEUURR AR | H1 4 Ja A LTS Ge ) o e R O,
A ARG hiXT B 2E [ EPA (TR b e
FRATUEAOL Y As AT 35 47 1) 5 DDT & &l i 1
ERL {8, AT REFETE— & MY A A KUK, Horb 02 3 3 1Y
B DDT 3 T ERM {R, 25 25 RUS T 3 A2
2.2 JERMGICHEAHESh P B oA AR

5 DT &l T HE S i B AR
Ol BVAE b R EMBKETE AR WRh RS AR
ST 22 SR, B LA (P8BS
B 10% UL F) 3 3 (Amaeana triloba-
ta) ,FKZERPESEF R . BR 05 s i sh, F 0
Yk EEE H LRAEEER & TR Hoh 23
DL 13 R B AE B2 2L 05 b 3 B v AL
B BRAERZE 02 uh LA, HA il AL R LABHUR R O
(GIFGI).

EEX7E 4 it 123 2% % SCHR
Biotic index High Good Moderate Poor Bad References
AMBI 0~1.2 1.2~3.3 3.3~4.3 4.3~5.5 >5.5 [9]
BENTIX (/5T Mud) 6~4 4-~3 3.0~2.5 2.5~2 0 [1]
(#P )5 Sand) 6~4.5 4.5~3.5 3.5~2.5 2.5~2 0 [1]
jid =4 4~3 2~1 <1 [9,17]
M-AMBI =0.88 0.88 ~0.66 0.66 ~0.44 0.44 ~0.22 <0.22 -
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Table 3 Basic physical characteristics of Luoyuan Bay

YA K DU EN s R R

Station Water Sediment type Salinity ~ Bottom dissolved
depth oxygen
(m) (mg- L")

01 6.5 e 28.86 7.28

02 6.0 e 29.50 7.58

05 8.5 e 29.63 7.74

09 9.5 e 29.67 7.58

11 - A 26.75 7.54

13 43.0 e 30. 14 7.18

15 15.0 A 29.75 7.51

01 75.0 b 30.17 7.30

02 60. 0 RHA 30.34 7.35

2.3 AR RERGEH

AMBI Fl BENTIX £ H: 8 37 X358 DL A1 b X9 )i
PSR AE T, BT A A s B X 3k b L A K
R 22 S 1t U AL 5 ZE DRI B rb ) R B A R
Ay B YETE 2009 4EFRZEFIRKEE 16 NREATH
A2 A S TS HE Sh P B 0 B FR R 195 Fi, H
T4l & 7E AMBL 9 i iE S b ) B R BCA 110 Fp

(56.4% ), & W %N E LI 2 163 F
(83.6% ). XA HLBILEA L3k ) T N AMBI $EA4
FESR (>80% ) .

HPEl 2 AT UL, AMBI (PP 25 S, 45 i AL 1 &
P BT A PN 2 R S R UL PR
SERBCAT. 8 Auh L (16 BEALFRAM) 4 AL (01
02.09 1 17) HERTN 4 B TR ZE  Hifth 4 il
IVPRY V&g S

BENTIX AYPEM 4% b AMBI AU PEA 248 0
Bk 02 3l 3 B ZE R S 0 B LIS, LA B0 11
WG B8 AR, [ 02 F1 17 i BB VEM 25 B4 T
BTN, A7 5 2 AR AR E AN 22 5/,

5 AMBI Fl BENTIX F3FH 45 S AH HE , M-AMBI
FTTA 25 SR () S5 e B e B . R 2R 13 A K
705 Wi AR B PEAN SSE RN, 2 16 Hhifir
FEKZE O1 11 3457 (4 PEA 45 55 Sk v 2, oAt A 450 1)
TEM S AR . N ELBORF L8 AN a5 A4
YEAL(01 1113 15 1 17) HFZB P 245 R E 4 F
FRZ. 3% 5 AMBI PTTAN 25 54T — i 22501,

x4 FTiEE 2009 ERRYRERA
Table 4 Sediment quality status of Luoyuan Bay in 2009
BT A S LR Cu Pb cd Hg As 2 HCHs B DDT 24 PCBs
Station TOC (x107%) (x107%) (x107%) (x107%) (x107%) Total HCHs Total DDT Total PCBs
(%) (x107%) (x107) (x107°)
01 0.84 22.2 32.7 0.0827 0.049 7.23 0. 158 17.1° 0.854
02 1.17 22.4 30.3 0.0731 0.052 10.00 " 0. 120 159.0°" 0.581
05 0.72 21.1 29.1 0.0704 0.040 6.93 0. 214 16.6" 0.110
09 0.76 19.8 28.8 0.0713 0.019 9.24" 0. 172 7.2" 1. 190
11 0.85 24.0 33.6 0.0784 0. 066 12.50 " 0. 279 9.0" 0.678
13 1.26 14.6 23.7 0.0728 0.031 7.37 0. 291 23.6" 0.104
15 0.85 24.1 29.8 0.0774 0.033 10.90 " 0. 213 11.5" 0.798

# #8357 ERL {H Exceeded the ERL value. HCHs: 757575 Hexachlorocyclohexanes; PCB: EA 0SS Polychlorinated biphenyl.

x5 FTIRE 2009 FRELEHEYERRKIR

Table 5 Basic status of benthic macroinvertebrate of Luoyuan Bay in 2009

PATA %2 (5 A) Spring (May) #Z=(11 A) Autumn ( November)

Station  gyEhEpE g MR ERE GI-GII-GUI-GIV-GV £, WHEE MRS GI-GII-GIII-GIV-GV 4 )%,
Species Individual GI-GII-GIII-GIV-GV Species Individual GI-GII-GIII-GIV-GV
richness Abundance composition (% ) richness Abundance composition (% )

(ind »+ m™%) (ind + m?)

01 32 3.41 1064 62.9-8.4-3.4-25.3-0 9 2.39 92 73.9-0-13-13-0

02 25 3.9 416 33.7-10.2-23.5-32.7-0 32 4.51 410 54.1-12.2-8.1-25.7-0

05 36 4.17 409 53.1-16.2-10.6-20.2-0 57 5.35 670 40.7-30.1-8.9-20.3-0

09 36 4.78 309 17.8-58.4-8.9-14.9-0 27 4.57 148 50-34.6-15.4-0-0

11 35 4.57 376 47.2-19.1-29.2-4.5-0 5 2.25 75 44-28-18.7-9.3-0

13 62 3.43 2119 64.3-12.9-10.2-12.7-0 21 4.02 191 51.6-22.3-21.7-4.5-0

15 26 3.59 582 77.9-13.9-5.7-2.4-0 15 3.83 100 33.3-53.3-0-13.3-0

16 11 2.33 1440 28.4-49.3-1.5-20.9-0 - - - -

17 27 4.15 1050 54.7-19.8-18.6-5.8-1.2 11 3.42 77 50-50-0-0-0

G: 4 Group.
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= YR BENTIX M-AMBI H' S
g 4l MO Bt md
@ 10t1c 1ndex
g I AMBI ~0.780 " -0.150 0.065  0.078
,% BENTIX - 0.096 -0.140* -0.280
> M-AMBI - - 0.910"* 0.890 " *

BENTIX{&
Values of BENTIX

M-AMBHE
Values of M-AMBI

¥4 ¥ Station

2 AMBI BENTIX il M-AMBI X 4% 3 37 (1 3P 4 25 5
Fig.2 Evaluation results of AMBI, BENTIX and M-AMBI for

each station.
1)5 A May; 2)11 A Novebmer;3) T4l Average. H:{f; High; G: B
Ciood; M: 145 Moderate; P:7% Poor; B:4; Bad. T[] The same be-
low.
2.4 MHEKME

JUAR R TR AR ) U 4 28 1 AMBI Al
BENTIX H6& 850 AT i 0 P AN 22745 (TN 25 R JE A
FATA], EB A OEEL R A MBI (3R 6) KB, A4
BOAROCHE 35 X 2R i TP o i B AR5
FRARIA] , T 5 HE2H 1Y 43 B REOR [R5 P TS
) SRR L 91 58 8, BT DA 35 I DA 45 SR 42

% P<0.05; * * P<0.01. T[A] The same below.

BENTIX #5855 H' W& 7UAHC, AT REJ2& T sb il
AL D3 B A v (R ol (AR o 57 A AR5
DL L) | 1S 2R RS BRI, {H X S 34
i 32 SR AU, (45 BENTIX (B imidei .

AT M-AMBIL 5 H' B3P 45 B 5L A HA A
W PN 435 SR — B0 B A T A AR DA SRR Ay
F,M-AMBI P38 80 FZ AT H'. AT &
Y ,M-AMBI Il H' () AH G 2% | [RIAS M-AMBI 5
Pyfh=F BE B AH DG LA 135 (P<0. 01) . iX F 22 H
T M-AMBI #5802 0" MYFhEEE 585 H
M-AMBI #5505 d B B FE B # e, IR A

AR E X 3 AR BN IR 45 R — 3K
1) AR 2R 16 whif Bk 01 AT 1T S A —2 A
—F B OLERE AMBI Al BENTIX (1P H 25 4% 55 e
(PRBLK) , 1 M-AMBIL Fl H' PP S50 0 4.

LA AS—BAY 3 157 12 SR AU L 9114 s, (H
VIR ERERAR (<12) , Hoh Ak ZE 01 Al 11 3647 19
AMARE A AR, 275 X 2 {5 Bk B , M-AMBI FI
H' TR 45 0 R A B
2.5 AHXMESHT

FHOCHE AT R A 8 ECE AR 1 Y
17. 45935 W] , AMBI . BENTIX 5 3 DDTs & &A%,
M-AMBI H' 5 & 48 Cd @ M6 5 HAb K 7
AR B3 (% 7).

JE AT A= 40y SR R R AR A A= 6k Nk R T
T HIEA DY & A A SRR i o At B
|, TOC i) &5 AMBI A1 BENTIX [ 45 BH & 4 41
K MRS, TOCH B 548 M br il I A B

R7T EVMEHEMEERNEXES T

Table 7 Correlation analysis between biotic indices and environment elements

AR 7K R WA BENLER Cu Pbh Cd Hg As MIANN M DDIs B PCBs
Biotic DO TOC Total HCH  Total DDTs Total PCBs
index (7) (7) (7)
AMBI 0.22 0.16 0.13 0.17 0.33 0.45 0.05 -0.51 0.77°* -0.12
BENTIX -0.29 -0.38 -0.06 -0.23 0.13 -0.62 0.03 0.34 -0.77" 0.31
M-AMBI 0.54 -0.12 -0.46 -0.60 -0.88" " -0.49 -0.39 -0.26 -0.16 -0.54
H' 0.70 -0.18 -0.19 -0.38 -0.93"" -0.50 -0.16 -0.20 0.17 -0.13
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JIEL. As FLE DDTs & P AN T 78 1 A 28 KU R+
(£ 4). AW AMBI #1 BENTIX 5 & DDTs i 3%
FHOE, BEME S DDTs Ay A= 25 KBS, 1T As 5 Br A 19
FEFREB A K. Carvalho 250 AfFFT W], AMBI Lb H'
A K W = i A A 45 ) 1 i A B e S B LR 1)
A UG YR AL EASRE S WL 4 8 175 4%, 5 AR
IR FE 45 AR L. DUR  Cd vk BEARAR, (2 5
M-AMBIFI H' F5ECER IR B 3 AH O, T BS54 47 Cd
Er eIl EE S

33

TS RGA B E 22k DL N 3R B
FE 52, AR TR) A AN 8 BOFE ) — DX I8 5 45
TR AN 25 20 (A5 P A 25 B85 I i TR 1Y
FINEAEAR R AR LA T A 48 B e 2 R
[l HE BN 25 SR 1A — 308 BRI 35 MO8 R
TP Z AR 4. TR, W4 R X AT AR S
IREE T PPN B, 75 % ] DA PR 1 A= W 45 Btk A 7
T FVEPEAS , IR TR EARC G A IR Y H A ARUE N
TR A E AR B, WO T ARIE R [ 8 BT AN
ZE UL A] HeE AT SR

HT TR A 4 B 2 2 A X 22 v SR
R FARBOTEM A A R G RSy > 5
T HE XA 4R B0 T DL B R AT PR AN
A AHIF SR N X (% YR ) As b e
ST XS A B 2 IR A I G A 22 5, DAL B TR 1 4 4
AMBI #1 BENTIX PFA 45 AN 58 4 A B WF 58 B
AMBI 38 & 4 DL F1E F2 90 & 10 X3 i
RIS DU TOC 1 & SRR K. BENTIX 4§
KOS T AR M b i X, Ry 28 3R KR i
2009 457 5 [R) 359 4 7K Jo W 0 e Je AL R v 1
FRER R - 247k B2 43531 4 0. 50 F10.043 mg - L7, E
R BGA B DU KOK FbR I, O 2 5 E TR k.

AMBI H' F¥) % £ £ 2 & F5 %0 M-AMBI &
2B TR ) A K R 28 Y (G0 2 Tk Tl 1T DA R
TEA) , K 43 14 07 FH 445 SR 4 2 B M-AMBI 45 45 Lt
PP T4 %0 ( AMBI BENTIX DL K H' %5) HREMS K
B BRI 1) S B 1 013X 5 AR B 5 A 45 8 R — 3K
(. {H 2 M-AMBI $8 %% (1) b FH 1 S B 5 5 2% FE
1B, 224 7 5 50 8 oty 2 0 2 B Bk A, 27 3
YEAE LA S TR 11 120 A A 1 e — A
Al FE B = VEAR ) 7 S B 1 00 T, B R IR

VA% 8 5 25 S 0 E ST ik 2 4 Je (A A
FETT I 2 —.

2% I+, AMBI #il BENTIX (3FA 45 5 —5, B %
TR () A 355 5 7 2 ST DX A A B AR A — R R 22
S HOEM S ARG B H' 5 M-AMBI (O 3EA 25
— 30, I HIARA B, B T 5 IR AR R A
UURIA HIL S SRR BE A, LA KRS AV TG 5 # 3h 4 4 %,
DLSUBRI S S 0 B IR | BRI A HE R A A 2R
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