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Abstract: Human activities such as overfishing, coastal development and pollution have altered bay ecosystems and eroded
their capacity to provide benefits now and in the future. A systematic diagnosis of bay ecosystem health for sustainable
ecological management is urgently needed. Sustainable management aims at maintaining the flow of a broad range of benefits
from the bay and also requires a comprehensive and quantitative method to measure and monitor the health of bay at the
level of ecosystem. A variable fuzzy evaluation model is introduced for the comprehensive evaluation of bay ecosystem health.
According to the environmental pollution conditions and ecosystem characteristics in Dongshan Bay, Fujian, China, an
integrated index system comprising water, sediment environment, residual toxicity in organisms and marine biota were
created for evaluation of bay ecosystem health. The judgment criteria regarding the level of bay ecosystem health could be
roughly classified as “excellent, good, moderate, poor, and bad”. The five levels could be further sub-classified into 13
ranks. Ecosystem health assessment of Dongshan Bay in spring and autumn based on variable fuzzy evaluation model was
presented in this paper. The results showed that the score of ecosystem health index for Dongshan bay was 2.36 in spring and
2.44 in autumn, respectively. The status of Dongshan bay ecosystem health could be generally classified as “between good
and moderate, mostly good” , with better level in spring than in autumn. In more detail, the scores of ecosystem health

index ranged from 2.31 to 2.47 and all stations were classified as “between good and moderate, mostly good” in spring. In
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autumn, the scores of ecosystem health index ranged from 2.29 to 2.74. Only three stations (D11,D13 and D14) were
classified as “between good and moderate, mostly good” and the other stations were classified as “between good and
moderate, mostly moderate”. Several factors showed their positive effects on the ecosystem heath status, such as heavy
metals in seawater, sediment and organism, oil in seawater and sediment, zooplankton biomass, phytoplankton cells density
and diversity as well as benthos diversity. The scores of health index for these indicators were all lower than 1.5 in spring
and autumn. However, the health status of the ecosystem was potentially made to change to “between good and moderate,
mostly moderate” by the negative factors including fish eggs and larva density (average score of heath index in spring and
autumn was 4.95) , nutrition level (the score of heath index in autumn was 4.47) , and benthos biomass ( the score of heath
index in spring was 3.59). The scores of health index for these three indicators were all higher than 3.5. Case study
indicates that the ecosystem health assessment based on variable fuzzy evaluation model also provides a standardized and
quantitative approach for measuring overall health condition of bay ecosystems, which can perform well and accurately
evaluate the comprehensive status of the bay ecosystem heath through the change of variable model parameters ( the criterion
and distance parameter, « and p), combining the linear and nonlinear models. Therefore, the model result is more reliable

than before.

Key Words: ecosystem health; indicator system; variable fuzzy evaluation model; Dongshan Bay
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Fig.1 Sampling stations for the ecological survey in Dongshan Bay
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Table 1 Indicator system for ecosystem health assessment in Dongshan Bay
HENNJZ Criterion level FEHR)Z Index level
KT (B1) AP YA CL)

HARJZ Objective level
RINE LS RGN IEARE R (A)

Indicator system for ecosystem health

assessment in Dongshan Bay (A)

DUBIREE (B2)

HEYI5% T (B3)

WEREAEY) (B4)

BIKEFRE(C2)

MK ESIEAEE(C3)
KA (C4)
TR B A BLER(C5)
TR E 4RI (Co)
BRI AIMZE(CT)
AR 4R R (C8)
AR INZE(CY)
TRITEAE A0 ML %% B2 (C10)
TR ZREMERR L (C11)
RIS A (C12)
TS Z TR R (C13)
AR A R (C14)

JEEA A Y 2 REMERR R C15)
1150 B A1 (02 BE (C16)
WP J1(C1T)

(1) HHLGYAR A
CC()I)

’
C COD

Cy
C'i

CIP
C,TP

CI)()
!
C'no

http ; //www.ecologica.cn



4910 LA E = 35 %

A, A HAPIGYAEE Coop Coy Cop L Cro 730 AR E i (mg/L) EHLA (mg/L) IGPEBERRER (mg/L) |
A (mg/L) 1 SEBR I FEE; €' oo C i+ C' i €' 53 511 25 PR AH N (1) — 28 ¥ 7K 7K J5t A 4 (B ( GB3097—
1997) ,

(2) BRATHRR

Ceop X Cy X Cpp
1500

AL E NEFRAKEAEE C oo (mg/L) .Cy(pg /L) (Cpp(pg /L) 350 AL FE i RS TOHLA TG PERE IR
R B SEBRI A

(3) ELJBeE

RS
I
cﬁ ‘ NQ

P =

ﬁ‘r—t
b

1 n
n

%:f Q‘g‘:

Ao, AR | PSR AIXG Y8 5GP N E S RS
5 1 PP 4R BT AR
(4) =W ZREVEFE R T Shannon-Weaver ZEEEFERL " |

%ﬂl CoNS | M Jm R SE IR B A €, 0

Z Pilog2Pi

Ao, S SRR SRR EEL, PR A | AR AREL '?#un'?ﬂ’] IMAEL HU L

(5) =T SRHAMEEER a WEANE 7 H Cadee Fl Hegeman AR E Y

(C, xD xQ)
B 2

AL P RIS H (mg C /m’d) , C,o 4R 3R a YR (mg /m’) , D HYGCIREE] (h), Q HIF4L RZE(mg C
mg™' Chl h™") . R4 LIER A S5 R, 2R 1L 2 ARk R A Ak R AUy 4.85 F113.92,
1.3.2  RINEA S RGARFRIEMHE b5 IR R F8 bR A (8 1Y 2

BT AN A B TP 48 B v A 25 R G R ZR5 PR 18 B0 ST A — R R bR R h A (S
(£ B SR U VAN S SR AT S — AN R AR SOR FI % B AR AT 3 R A e ik, B =
WAL 52 WAL EAAZS A, AT .

=(1 -a)g; +ap,

K w WSS RGAE NIRRT E o INETERE,0<a<1;P=(p,,p,,,p,) N EWM
K, R R HTEE 0= (q,,9,, ", q,) WHEWAE , RS E L B, BRI R (E %)
JB T E R AR 1R R AR SO E TR RECRH a=0.51277

FE WA AR A B S 2 B X TR DU 2 AN B 2 AT HE AR AR N B M 0 L 23T 43 L2 56 DA ) R R I ) A
A YAAHP V7.5 543 IR R — S L /N T 0.1, WA (B A i 5 3 222 0 e = 40 i
TP EAL AL B AR AT FEPRIF(E AN 22 5 R BT AR B, RIS A S RGAR DA 8 AR RALE 43k 2
B

AEEREETE bR HA — 0l 60 0 WM, S0 WA DA T TURR ) SR d6 bn F Bk 2ok P[] — J) s N 41 £
P STt 8 B kg 0 28 E PR BR AR
1.3.3  RINEAS KGRI brbr i i

RIS A 25 22 G {d B VF 0 48 br br MEAE 10 8 0, £ 282 2% 30 [ B0 AT 19 g 7K K B2 4 1fE ) ( GB3097—
1997) Y CEFPETURW) R REARIE) (GB18668—2002) ) (A ) JF e bif ) ( GB18421—2001) ) Fl (3

http ; //www.ecologica.cn



14 1 AR AR R T AR PO AR Y A R L A A R TR RN 4911

R A A B RN HE B ) (HY/T087—2005) ' o T3 [EHAE A K BbR 23 4 9, DURRWI R A= Wb iz oy 3
90, BT AP bS5 [ SO BE TSRS T — 2 JAE X TRl rh A 35 e b, DUAR B Sk ™) 3 v o6
TSR X ARSI L FE 4 AL G W BORBOE R AR E(EL, ZR LS AR 2 R R R AR bR (E ISR 3,

K2 FUBESRERBEITNERERNE

Table 2 Weighting factor of ecosystem health assessment in Dongshan Bay

W HebRI2 i ‘
Criterion level P Index level P HE E B"E Bk
Spring  Autumn Spring Autumn
K EHEE (B1) 0222  HHISYFEE(CL) 0.095 0.060 0.065 0.078 0.080
Water environment (B1) BEFRATHRE(C2) 0.048 0.067 0.062 0.057 0.055
K 4R AE %L (C3) 0.048 0.064 0.067 0.056 0.057
MKAHIE(C4) 0.032 0.062 0.072 0.047 0.052
LY BREE (B2) 0.111  PLRPEAHLEK(CS) 0.022 0.072 0.075 0.047 0.049
Sediment environment( B2) DU = 4 R 46 4 (Co) 0.044 0.068 0.071 0.056 0.058
DU (CT) 0.044 0.064 0.066 0.054 0.055
5% (B3) 0222  AEYIkESEHEE(CS) 0.056 0.000 0.000 0.028 0.028
Residual toxicity ( B3) YR ATINZE(C9) 0.167 0.000 0.000 0.083 0.083
IEEAY)(B4) 0.445  VRIFAIYI AN EE(C10) 0.034 0.065 0.063 0.050 0.049
Marine biota( B4) TR Y Z R R (C11) 0.034 0.084 0.072 0.059 0.053
FHEsAEY R (C12) 0.034 0.054 0.062 0.044 0.048
TR Y 2 FEMEAR S C13) 0.034 0.075 0.075 0.055 0.055
AP E YR (CL4) 0.068 0.063 0.053 0.066 0.061
A E Y Z R B (C15) 0.068 0.081 0.073 0.075 0.071
1) S AF 0 % B (C16) 0.068 0.058 0.061 0.063 0.065
WA J1(C17) 0.103 0.062 0.063 0.082 0.083

*3 FUBESRGEERITNERTER
Table 3 The standard values of ecosystem health assessment index in Dongshan Bay

FEFRPRUEE standard values

W R bR E =P
Assessment index i R h % % References
Excellent Good Moderate Poor Bad

A HLIFYHEEL Organic pollutant index 0—2.0 2.1—4.0 4.1—6.0 6.1—8.0 >8.0 [24]

B FEKTHEEL Nutrition level index 0—0.5 0.5—1.0 1.0—2.0 2.0—3.0 =3.0 [27]
T4 JE 5% Heavy metals index 0—1.0 1.1—2.0 2.1—4.0 4.1—8.0 >8.0 [24-26]
K172 Oil in seawater/ (mg/L) 0—0.03  0.03—0.05  0.05—0.3 0.3—0.5 >0.5 [24]
YUY BA ALK (x1072) TOC in sediment 0—1.0 1.1—2.0 2.1—3.0 3.1—4.0 >4.0 [25]
VB2 (x107°) Oil in sediment 0—400 400—800  800—1200  1200—1500 >1500 [25]
LEWR A2 Oil in organism/ ( mg/kg) 0—15 15—30 30—50 50—80 >80 [26]
ZFEMEFEEL Diversity index =3.5 3.5—2.6 2.5—1.6 1.5—0.6 0.5—0 [27]
TF U Y 40 M %5 B Phytoplankton cells density/ (x10°4/L)  0—0.5 0.6—1.0 1.1—9.0 9.1—40 =40 [28]
TSN HE MR Zooplankton biomass/ (mg/m?) =100 100—50 50—30 30—10 10—0 [27]
JEANZE 24 7 Bt Benthos biomass/ (g/m?) =100 100—50 50—25 25—5 5—0 [27]

£ B S AT 55 Fish eggs and larvae density/ (/m?) =50 50—25 25—5 5—2 2—0 [15]
WAL= J Primary productivity/ (mg C m™ d™") =500 500—400  400—300  300—200 200—0 [27]
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Table 4 The judgment criteria regarding the level of bay ecosystem health
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Fig.2 The scores of ecosystem health index for all indicators in Dongshan Bay ecosystem
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Table 5 The comprehensive evaluation results of ecosystem health assessment in Dongshan Bay
T A AR PP SR Variable fuzzy evaluation model KO A6
Station ~ Season a=1 a=1 a=2 a=2 FleAi] S TR AFELR Fuzzy comprehensive
p=1 p=2 p=1 p=2 Range Average  Assessment grade evaluation
D1 B 2.49 2.58 2.30 2.47 2.30—2.58 2.46 RS g K R
€S 2.61 2.67 2.47 2.62 2.47—2.67 2.59 K], fm o h
D2 HE 2.44 2.54 2.21 2.40 2.21—2.54 2.39 R 5, g K K
€S 2.58 2.66 2.40 2.59 2.40—2.66 2.56 K], R o wh
D3 pees 2.50 2.60 2.29 2.50 2.29—2.60 2.47 K5, R R =
€S 2.64 2.70 2.50 2.66 2.50—2.70 2.62 K], o =4
D4 B 2.45 2.55 2.22 2.41 2.22—2.55 2.41 KAl i R K
T’z 2.73 2.76 2.66 2.79 2.66—2.79 2.74 R e ] g e i
D5 HE 2.41 2.54 2.11 2.38 2.11—2.54 2.36 RS, K K
T 2.58 2.66 2.40 2.59 2.40—2.66 2.55 R ], g R
D6 HE 2.36 2.50 2.01 2.29 2.01—2.50 2.29 RS, 2 K
&= 2.66 2.72 2.55 2.71 2.55—2.72 2.66 R ], g =4
D7 HE 2.42 2.56 2.14 2.42 2.14—2.56 2.39 K5 ] f R KL
€= 2.57 2.66 2.37 2.58 2.37—2.66 2.54 KA i =4
D8 K% 2.42 2.55 2.11 2.38 2.11—2.55 2.36 RS, R B
e 2.56 2.64 2.36 2.56 2.36—2.64 2.53 RS ], g =3
D9 F% 2.39 2.54 2.08 2.36 2.08—2.54 2.34 K5 E], R R =4
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i e Al ARSI PN 4558 Variable fuzzy evaluation model *ﬁﬁggﬂ\ﬁﬂzm\
Station  Season a=1 a=1 a=2 a=2 Ja - E WAL Fuzzy comprehensive
p=1 p=2 p=1 p=2 Range Average  Assessment grade evaluation
&S 2.53 2.63 2.32 2.53 2.32—2.63 2.50 K5, R R K
D10 H%E 2.46 2.58 2.20 2.45 2.20—2.58 2.42 R e R R
*’Z 2.56 2.63 2.38 2.55 2.38—2.63 2.53 K5 ], R
D11 HZ 2.40 2.51 2.18 2.35 2.18—2.51 2.36 R, fw R =4
€S 2.37 2.50 2.08 2.33 2.08—2.50 2.32 R 5] fm R =3
D12 HZ% 2.41 2.55 2.10 2.39 2.10—2.55 2.36 R fw R =4
€S 2.56 2.62 2.38 2.54 2.38—2.62 2.52 R 5] e =4
D13 HE 2.36 2.50 2.05 2.31 2.05—2.50 2.31 R 5w R =3
€S 2.37 2.49 2.02 2.29 2.02—2.49 2.29 R 5w R =4
D14 H% 2.39 2.54 2.08 2.37 2.08—2.54 2.35 R, R =8
e 2.41 2.54 2.08 2.36 2.08—2.54 2.34 R, fi B =4
wH  H#E 2.41 2.53 2.15 2.37 2.15—2.53 2.36 K5 e, R =8
Average k% 2.47 2.58 2.24 2.46 2.24—2.58 2.44 R ], fi R K
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Fig.3 The scores of ecosystem health index scores in all stations of Dongshan Bay
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Fig.4 The comprehensive evaluation results of ecosystem health assessment in Dongshan Bay
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