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XFN T AHE XA S R HER O TR . BT, E
PN Ah 2 3 ek N T A Rl A 2S00 T 5T 22 45 v A B
o/ RIS AR A M L (R4S, 20135 FREE,
2014), XF A T farE Az 258500 B il B AKOF 1 25 & R
WRFTER L, AA T8 8 25 (2012) % 2 1 X 95 PR 47 18
A SFOR T T, A REQOIHFI S
B G fil B AR o6 T AR AR S R ST RS 4
B, BRIEAE(2009) X K 4 R B H Fg A T fa i X E 4T
THEB RGERRR BT o ARAFI0K RS R G fd Rl
FEHOH T AN TSRO, WA TSR
GLIn RSl K R PR FE T

1 EBRGEREETEMERESL
1.1 EMIERR

PR R b 1 A 2 R e A AR A ) At I
B BRE B PPN 48 B 2 P v A AN AR G T A 1Y
K PROTIE ARG R AL SE R BRI R AT

ERAEPE IR AR [ P9 A0 X A A R G AR A A O
o, e N T oS RS NSEWEE, ®E pH
B, THLA, WEHEmIREL . (b THaE . WA, &
. AL TURPIEALY . DU AR . DU
Yh4J®(Cu, Hg, Zn, Cd. Pb. As). EWiAEY £
FEVEBIE . W E B i | IR ) 22 M A
TR Y A )i | IR s ) ZRE Ve UE . s A
Py Al BOIR 2R (E, 3k 22 PP R AR
1.2 FEMREMKYE

N T AR AR S R G0 7K T R 35 48 B PE A 4 IR T K
JK AR UE(GB3097-1997), UL B8 45 P-4 2 18
TR DU Y B (GB18668-2002), A= ¥ X 1T Mr15
b die BT R T 3 4B 2S48 R TE M 45 B (HY/T087-2005)
(F 1), XMUL 3 ANFREFEAE RS TR, %
PN AT B, U HL 8 hn 5 IRV e 1 B 3 R4k
PEOYFARUEER 2), LW S R
(1994) 42 i 1Y 43 HAnifE (R 3).

*1 EEETSRZEEYTNIER

Tab.1 Evaluation indicator for bay ecosystem organisms

PEMr I H Evaluation item

PEM 554 Evaluation grade

I Il m

TEIFAE Y% Density of phytoplankton (x10° ind/m?) 1.5~15 0.3~1.5 8¢ 15~20 <0.3 5>20
TFIE SN % Density of zooplankton (x10% ind/m®) 4.5~12.5 3.0~4.5 5 12.5~15.0 <3.3 8>15.0
JEEG£E ) 4= ) Biomass of benthos (g/m?) 18.75~37.5 12.5~18.75 &% 37.5~45.0 <12.5 5{>45.0

*2 BEMEEFRUEESE

Tab.2 Grade classification of potential eutrophication

st I IR B
N/P (mg/L) IP (mg/L) Nutrient salt level Grade
8~30 <0.2 <0.03  #E 3% Poor nutrient I
8~30 0.2~0.3  0.03~0.045 HJF & FF Medium nutrient I
8~30 >(0.3 >0.045 & EF# Rich nutrient I
>30  0.2~0.3 - W BR ] 7 % 3% Medium nutrient with phosphorous limiting v,

30~60 >0.3 - 5 P S BRI T 7E 4 E 78 3% Potential eutrophication with medium phosphorous limiting ~ Vp
>60 >0.3 - BB il ¥ 7E 14 & & 3% Potential eutrophication with phosphorous limiting VI,

<8 - 0.03~0.045 Z PRl H & #% Medium nutrient with nitrogenous limiting Vy

4~8 - >0.045 AP AR H e L B 5F Potential eutrophication with medium nitrogenous limiting ~ Vy

<4 - >0.045 AR HIWEAE M = B JF Potential eutrophication with nitrogenous limiting Viy

#3 EUEHEMRES RITFNIRE
Tab.3 Evaluation standard for the threshold of biodiversity
P I H PS54 Evaluation grade
Evaluation item 1 1 m v \Y

Z FEVE B {H Threshold of biodiversity <0.6 0.6~1.5 1.6~2.5 2.6~3.5 >3.5
59 Grade 72 Poor — B Middle  %Uf Preferable F & Plentiful JEH# FF High
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. L . o e U I EHI; =<1 aéxiéb 3)
B, Sl SIIUAE AR TR, TN R AR T )
R AL B AU AT 25 R GV B A X (&uﬂﬂ b<x <x..
HAbFE, SR B X AR T — (b B, SEAR Xax D
SERAN S AR . IE S bR ALE BE S bR, 3 A 2m 0 X > Xy
FehRH AR A, % FER AITHERRII S 5 X 72725 FLIT
5T - FERRI A s X S ATTIEAR IO ME 3 2, b £
1 % < Xoin NPT I BIE ; K2R %L

o x AR T T (08 5 R G P B O
Hﬂ=[g;:@ﬂ Ko <X w0 e sast 1 2 3 RGBT AR, 5%

0 - X5 25 R 5K 5P B (e 4) (B 40
%, 2013), FFFSRIE R ECR LI Y 407, ok,
DH {1 JEHLALAIIG AR 9 bR K (0 1, I
s TR K (s SRS 5C=0.6 HE.

k
_ Xi — Xnin 2
EHI, = [—xm _Xmm] Xoin S K S D)4 e EEE

NREEELIE

1 % > Xnax FANREAE S RGP I E B2 5, NI
T FEFRR - B E T A PN PR AR TR AR SO0 TP AR, A REXS AR

x4 ANIBBETRGERRKFEIR

Tab.4 Grade for health level of artificial reef ecosystem
fdt B 45 %0/ A Distribution of health index
[0~0.2) [0.2~0.4) [0.4~0.6) [0.6~0.8) [0.8~1.0) 1.0
T %5 9% Evaluation level JRZs Sick —/BRZS Sore W{# ) Sub-healthy {5 Healthy fRf#EE Healthier ffdfE Healthiest

Ui H Item

®5 IFMERA—LRESIRE

Tab.5 Normalization function and standard of indicator

BT ity KB B R AL PEM R e
Index category Index Fuzzy membership function Evaluation standard
KRR 1 78<pH<85 . .
EHI, = ; 3 .
Water quality pH M=, pH<7.8.pH>8.5 7K K AR E(GB3097-1997)
DIN < 0.2
. 0.3 —EHI . .
TeHL% DIN EHI\ = 030 02<DIN<03 7KK BibR1fE(GB3097-1997)
0
0.3 < DIN
IP <0.03
e 0.045 — EHI , -
W R L IP EHI, = (W—oog)j 0.03 <IP < 0.045 7KK BibR1fE(GB3097-1997)
0
0.045 < 1P
| COD<?2
AV, e L 3_EHICOD o 5 —
b2 %5 % COD EHlqp = = 2<COD<3 7KK BibR1fE(GB3097-1997)

3<COD
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S
BT v N . _ e ,
F8FR Index SR JE % PR %L Fuzzy membership function P FRifE Evaluation standard
Index category
K R 1 SS<0
Water quality 10— EHL. \°°7
By SS  EHIg = (107—055) 0<SS<10 ¥ 7K 7K AR 1E(GB3097-1997)
0
10<SS
0 DO<5
EHI _5 0.11
W4 DO EHI, = (%J 5<DO<6 HEIK K AR E(GB3097-1997)
1
6<DO
0 N/P <8
0.077
EHI,,—8
(ﬁj 8<N/P<16
R WELL N/P EHIy,p = oo WM & B IR AR EGE 2)
(wj 16 < N/P<30
30-16
0 N/P > 30
VURERES 1 5<0
Sediment quality 300 — EHL \"*
k4 Sulfide  EHIg = (T_OSJ 0<<S<300 TR TR ) 5T 5 (GB 18668-2002)
0
300<S
1 pet <0
N 500 - EHIpet o S 32 N
£1ih2% TPHs EHI, = “S00-0 0 = pet < 500 LR I (GB18668-2002)
0 500 < pet
1 Cu<0
35-EHI,, ) - o
i Cu EHI, = 50 0<Cu<35 LR IR (GB18668-2002)
0
35<Cu
1 Hg <0
0.2 - EHI,, | o
7K Hg EHIy, = 020 0<Hg=<02 LR IR (GB18668-2002)
0 0.2<Hg
1 /n<0
0.053
N 150 — EHI U o
£ Zn EHI,, = (Tozj 0<7Zn <150 T AEUURY) BT 7 (GB 18668-2002)
0
150< Zn
1 Cd<0
B 0.5—EHI, )" o o
% Cd EHI, = 050 0<Cd<05 T AEUURY) BT 7 (GB 18668-2002)
0
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B3R5
bR 26 FEHT RF o K i ; SN =y ;
HFR Index SR J& J& R4 Fuzzy membership function FEM AR U Evaluation standard
Index category
VLRI B 1 As<0
Sediment quality 20— EHI. "
fill As EHI,, = [TOASJ 0<As <20 PRI I B (GB 18668-2002)
0
20 < As
1 Pb<0
60— EHI,, )" - o
# Pb EHI,, = o0 0<Pb<60 T AEUURY) BT 7 (GB 18668-2002)
60 < Pb
TR 0 phy <0.3
Phytoplankton EHL, —0.3 0083 < phy <1.5
1.5-0.3 o .
I (a0) EHI,, =11 5<phy <15 AT R IR A A A PR 1
Density Y 0.0 (HY/T087-2005)
20-EHI, )"
3015 15 < phy < 20
0 phy > 20
0 div< 0.6
ZHAERIE _|(EHIy, 0.6 , S RE R BT A b
Threshold of EHlg, = 3506 0.6<div<3.5 (BRi5 04, 1994)
biodiversity | R AR,
div<3.5
FESNY) 0 200 < 3.0
Zooplankton EHI,—-3.0)""" 3.0<z00<4.5
N 3 45-3.0 e
BEGI0) gy ) 5= o0 = 125 LB S BV 19
Density 0.065 (HY/T087-2005)
15— EHI,
15-12.5 12.5<z00 <15
0 700 >15
0 div< 0.6
ZHAERIE ~J(EBHI,-06 , SRR BT A b
Threshold of ~ EHlg, = 35-06 0.6 <div<3.5 (3814, 1994)
biodiversity : PRI T,
div<3.5
JERAR AL 0 ben <12.5
Benthos (EHIbcn 12. 5)0'07" 12.5<ben <18.75
~ 18.75-12.5 g
EOR gy ) 18.75 < ben <37.5 It V2 S BT 6 i
Biomass 0077 (HY/T087-2005)
45— EHI,,
45-375 37.5<ben < 45
0 ben > 45
0 div<0.6
ZHRAERfi EHI;,~06)’ , U REE B (T A b
Threshold of  EHIg, = 3506 0.6<div<3.5 (WRIE R4, 1994)
biodiversity | AR

div<3.5




%5 2 AR TR A TP N A S RS RTTR 15
gk s
i sy n - - ,
F8Fr Index SR B PR %L Fuzzy membership function P FRifE Evaluation standard
Index category
N AZST 0 div<0.6
Fishery resources 4 pg . i ! X NI .
FREERIE (B, - 06Y o 2 R B (T 4 A
Threshold of =1 "35_06 0.6<div=<3.5 B 1004
biodiversity S (bri 15, 1994)

1

div<3.5

A R GEAR R A A R T L AF ST N B 7R A A il
(AR AT T R E MBS, BAE 0 E TR MR
BRI R B R RIE R BRI
TR A8, I BE 2 (B, 2007). ASHFSE 2 2 R 44T
PTG AR A TAL , Z ik e—F 2 His . 24
] B 5 7 1 (Guelph, 1998; 554 £45, 2008), B
12 AT A A 25 R Go VA, H R PR A2 4R ) it
2R o R AR AR AR AL, R AR
UL SEZ o X A A S22 UK L ) 45 LA A A AR 4 1, P
FHBCE T W A 238 AR E— 2RI stk , i i
JZ VR 3% B A5 2 B R AR AR X BF T X R 0 STk, B4 0
FRPRAYRLE .

EERFERRESITMELR

HRAE 45 T b A — A0 B B X 07 (AR, ) AR
W2 G PR (Xu et al, 2004)8E 7 A\ T il E SRS
CRA R IR BRI, 135,

15

=gty

ANEFRIOACE ; EHI 255 | DMEIRIH55L, o
FREFEE EHI MO0 A5 S0 IR0, 1], Z5E a8 5ont vy
RIS RGN ILE 4,

TNERBEEATERESREHHINA

21 HEBAANIEHEXZIZERL

A 3T A T 2R 7S 3 DXV el 3k ik A b ST [ 5K
oK RBTFEIR O X AN ALK, 45 A DR X )
FR, TSRS R XA AR X, R Y
TR ARIR Y R e i . HLAAR A &R 5 1
' B1. B2, B3, B4 VUGEZPTEIXEL, HIFHAR L
F 6, /RIEIX 2013 4F 9 HIFIR$ed, 2014 4F 12 H 58
AT, B eFIg R Mk 40 4~ 1E 7 Rk
1131 4>, RRfAAE 1044 DSFLAHUE 14169.4 2577,
SRR 58 ha, AR 26567.76 &5 5 .

22 HIGAESHERE

2

EHI =) W xEH]J 4) ‘ N \ e 33
i MR N T A DX g 4 g DX b 9 5 8 9 8 A
K, EHI 2SRRGB W5 i MIE(GB12763.1-2007), SRHAIRIHM A, N T
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Geographic position of ecological artificial reef in Beidaihe area
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Xi&E 3 ulifi H1. H2. H3, &E 2 PrEuGH;
Cl. C2 (B 1), XIS C1. C2 BEESHE X (1) 5 i i 55
Zr5°R 600 F1 1200 m,

23 FEMER

FIHAES RE LA PEN B RLIEAG L3 2R S A
TAaffE RS HERBCR AT, ¥ 2013427 A, 2014 4F
6 HA 2015 4 5 H WA gt — uab3, R
FHZ WA T % 25 P bR A E AT AR, 75 3] faif X

Tt BE A5 THTAR 5 A 9 VA — AR B . A 143 fet B 45 5
(£ 6)o AKX 4 XTSI EHATITE, 53
3 AR ON T A HE DRI X BE X 2 A B 48 A iR,
3 IR BURER , AT Aol [XORINT BR IX A4 2R 25 R G R
IRF i FEARZS . KR IXAE 2013 4E 7 H F12014 4E 6 A
PR, fRERE R S T AAEX, 7E 2015 4E 5 H
P, X R X AR AR RS A BT Y, (HN T A
X A5 R Gt R B LR TR, 2015 4 5 A
LA RETE 5 0.838, BARMERHDIRE

®6 ETHRGIRRERST

Tab.6 Distribution of ecosystem health index

JA— AR (F R X)

H—fRfE O IR X))

-

fivhr *XE Normalization value(reef area) Normalization value(contrast area)

Index Weight

2013-07 2014-06 2015-05 2013-07 2014-06 2015-05
pH 0.030 1.000 1.000 1.000 1.000 1.000 1.000
JeHLE DIN 0.015 1.000 1.000 1.000 1.000 1.000 1.000
TP L 1P 0.030 1.000 1.000 0.460 1.000 1.000 0.925
ey S COD 0.015 1.000 1.000 1.000 1.000 1.000 1.000
EIFY SS 0.015 0.000 0.000 0.000 0.000 0.806 0.000
R4 DO 0.022 1.000 1.000 1.000 1.000 1.000 1.000
AWML N/P 0.040 0.933 0.000 0.000 0.951 0.953 0.000
Ak Sulfide 0.021 0.998 0.998 0.999 0.997 0.997 0.999
f1{hZ& TPHs 0.021 0.999 0.999 0.999 0.999 0.998 0.999
#i Cu 0.021 0.990 0.991 0.936 0.993 0.993 0.893
7K Hg 0.021 0.998 0.999 0.991 0.996 0.998 0.990
B Zn 0.021 0.988 0.988 0.984 0.990 0.990 0.983
% Cd 0.021 0.959 0.956 0.939 0.964 0.948 0.935
fih As 0.021 0.998 1.000 0.975 0.997 1.000 0.980
£ Pb 0.021 0.977 0.985 0.967 0.985 0.986 0.953
PP . 0.083 0.980 1.000 0.980 0.970 0.985 0.989
Phytoplankton denstiy
TRERE ) 2 1
Threshold of phytoplankton 0.083 0.627 0.880 0.771 0.499 0.822 0.628
biodiversity
RSN+ ) 0.083 0.000 1.000 1.000 0.000 0.874 0.000
Zooplankton density
TR S ) 2R I 1
Threshold of zooplankton 0.083 0.755 0.609 0.556 0.656 0.348 0.840
biodiversity
n E=N

T%MHE%T&E%E 0.083 1.000 0.000 0.862 0.000 0.000 0.961
Benthos biomass
JEEAT A ) 22 R B
Threshold of benthos 0.083 0.111 0.959 0.940 0.839 0.899 0.828
biodiversity
O B I8 22 P 1 (R
Threshold of fishery 0.167 0.360 0.839 0.929 0.869 0.918 0.285

resources biodiversity
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Tab.7 Change of synthesized health index of ecosystem

11 il [X. Reef area

%fHE[X. Contrast area

2013-07 2014-06 2015-05 2013-07 2014-06 2015-05
1 A LA HE B EHI 0.663 0.787 0.838 0.706 0.807 0.671
3 itig 4 ZEiE

AW 5 A A A R SRR i 25 A 1R AN T
A AR RN, BERK TIAES . IR 5 AR 30
Berp 22 SN AES RGARREEN FE bR, H A
WIZE A PR AR AL, S PR AR A 8 A T fapfE AR 2
ARG FR DA TR o 8 X E AT T g X
MR S X X A S R G4 A TR UL B, B
BN T AR TR SE R, HAS R R
BUIBAEEETE, JRAE 2015 X IE X BRI R B A1
BT, 47535 SR g R A RS o AR PR AN S5 R R
2013 4F 7 HHERTAIAS B IE A rfr, X IE DRI ik
X ab T ek 2, H X IR X EHI(0.706) 8 T 40 fifk
[X(0.663), AJEMAHS, FIEMEX K RE I bR . Ui
FRIRBEFE bR 09 22 S /0N, %k B DX R A 4 A il 9%
JR ZFEVE (I 0 T AmE X 2014 4F 6 H RN,
Xof HE KR A8 B X4 BHT 255 1 A 5 8 A st A [ 3
Xof B X Ah T AR A HEIR 25 (EHI (B K 0.807), FREX &b T
AR S (BHI {E M 0.787), Faffk X 5 %) B X 7K i B4k
fRbr . DUBRIABE e bR i 22 SRR/, AW IR R v
) Ml 5% U5 2R P (A IR T X BRI, AR A s T
XHRRIX; 2015 4 5 AR, XA EHI0.838)1
e T 2 A, JRAR RS, XTHIX EHI(0.671)
EAC T AR, A DA BT IR 2R B B T
XFHRIX, HN T frfs DXl 9% 5 22 6 1 130 1 4018 Bl
PLZEAEREA . 0.929(2015)>0.839(2014)>0.360(2013),
I8 R AEAS IS A A5 o S 5 T IR X, 701 H i
PR A AR TR IR X, 2015 4E 5 fE X % 58
T 1 AR R PR AT T IR XA 0.285, X —4%
R T AT A RER Ol B IR0 R SRIPSUR R 7),
55 [ Y A2 A R N T AR 0 R SR U T T BIE 5
25 A — 3 (5K FE4F, 2004; Reubens et al, 2013; Saul
et al, 2013; dos Santos et al, 2010; Abelson, et al, 2002;
Seaman W, 2007; £E4:%5%, 2011), F74b, AHAX}
HEUHAE C1 . C2 FF Bk X A A 254351 4 600 A1 1200 m,
W45 (2005058 i, B Ak 1Y) 32 B A S T AR
200 m P, XPEANEHE KM, 7E 800~1200 m
WA IBESCR, I, X BRIl 5% I8 2 A 1 1
HB BB AR ) G v — A D R T 2 A AR 43 s %) ] L v
S ) 70 fE 2R £ I K A i Dk B W 7 A W SRR o

N T AR ESONOUR 7 HE B RO« BRSOV | 75
JCAEONE A5, R X R i 30 A S5 ) B AL PR R P A2 )
KAV, W, N TAREA S R G0 — AT 3)
BRYE, 5HMEIEEN 2 A A F Y RS e S,
P, R R A T A9 N AR AR R A Mg, WA
TAREA S RGE R SPLE, AR AN AT M
iR A= AN B R S L AR IF TR BB 255 3Tt
XF N T AR AR 25 R GERORBLHEAT AN, A5 SRR A
TAnAE TR FREE IR | R B R
FIHIRA H20E L

£ % X #t
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Research on Artificial Reef Ecosystem Health Assessment
Based on Fuzzy Synthetic Evaluation

LI Jiao, ZHANG Yan, YUAN Wei, GONG Pihai, GUAN Changtao”

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Carbon-Snk
Fisheries Laboratory, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract In this study, fuzzy synthetic evaluation was used to build a reef ecosystem-health
assessment model. To eliminate the dimension effect of sub-indexes, normalization processing was used.
Analytic hierarchy process was used to assign a threshold of ecological indicator. The synthetic health
index was used to assess the health status of artificial reef areas and contrast areas. Sub-indexes of
artificial reef ecosystem health assessments included physical, chemical, and biological factors.
Assessment standards were based on seawater quality standards, marine sediment quality, and guidance
for the assessment of coastal marine ecosystem health. Data and survey results of a background
investigation in July 2013, and a tracing investigation in June 2014 and May 2015, were processed using
the ecosystem-health synthetic assessment model. The results indicated that both reef area and contrast
area are in a healthy state. The health state of the contrast area was better than that of the reef area in July
2013 before reef construction. Data from June 2014 was consistent with that from the background
investigation; the health status of the contrast area was also better, which is related to the disturbance of
reef construction and the evolution of the reef system. In May 2015, the health index of the contrast area
declined, but that of the reef area increased to 0.838, indicating that the reef is very healthy. Health
evaluation indicates that the health of the reef ecosystem in the Beidaihe demonstration area is gradually
improving. According to the results obtained with the ecosystem health synthetic assessment model, the
state of the reef improved with completion of construction and ecosystem stability; therefore, ecosystem
health synthetic assessment is an important method for the management and development of reefs.
Researching reef ecosystem health and scientifically assessing artificial reef ecological effects are
significant for the construction of reef projects, environment protection, stock enhancement, efficient
administration, and sustainable development of fisheries.
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