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ARWFFEIET 2013~2015 4E AR YR B X | 45
SR DXRIE A DX A A S R W I A s, BEER 25 A4
PEM 8RR ABIZE S PR L 2R Frk, 24
SN T AR AR R G REPEM AR, I X% ik
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1 MHETE
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A0 AR X RN S X . AR X KRN 15~20 m, 7K
TN 3.3C~27.5C, ¥k N 154C.,

i DX A A% 0 IX ISR P9 (2 52 hm?), BEBEEANT
ORERE 9 JE, $i HTSK-CN-3 BIKHIZH &3 fmaffk 88
A~ HTR-25Si BI&=F g faffk 9 4~ ZFT-2.0JG s iE
JriRAE 180 4, B 10400 m*, 34t 21400 25 m’,,
12 HIERESHAE

AT BRI F B FE KT . DU | ol
AR ) M AE DT AR RR) L TR A
YICREGF IR W) . TR (NI ) . 5K
YRBETT s R A REELX | SR DRI HR X 4514 3 AR (A 1),
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Fig.1 Schematic diagram of the survey sites of
the artificial reef area of Danglang Island

ABIFE )l 52 ) AR B (R 2) 03300 o f i IX 3 A
(H1, H2, H3); fE41X 2 4~(S1. S2); XFHEIX 2 4~ (C1 .
C2), SKRERFE]HY 2013 4 7 A . 2014 4 8~11 H .
2015 4F 4. 7 H . SEERE R FERF AR S A% [
SERAT 15 0] S 6 5 A T 8 M S 1 40T o SeBF 540 HT
JIT A Kt 243 B AR 5 o R

120°38'0” 120°38'30” 120°39'0” 120°39'30"” 120°40'0" E
T T T T

N T
38°0000" - Q3
C3 °
> S1 Cl1
Y o
3
37°59'30" -
SR
°
C2
.
37°59'00" -
MR
Xiaoheishan village V...
37°58'30" |- 0 1000m L]
I —|

P20 PHIR S AT AR DX Al o
Fig.2 The survey sites of artificial reef area
in Danglang Island
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Tab.l Ecosystem health assessment indicators 231 FMARE IR B A5 AL AT 5 A5

and corresponding weights of artificial reef
area in Danglang Island

HirZ Y] 2 _
W Kbz R
arget Criterion dex | C ioh
layer A layer B Index layer Weight
IR pHOK ) 0.030
Physical and  yxfig & DO(K ) 0.024
chemical . o
environment LR = COD(UK ) 0.019
IK A2 (K JBY) 0.019
JEHLA INOK ) 0.019
TEYEBEEREL IPOKFR)  0.030
AL N : POKJR) 0.040
BTEY SSOUK ) 0.019
ALY Sulfide(URRY) 0.025
DU A2 (DURR) - 0.025
i Cu(ULFRY) 0.025
K Hg(TFR#) 0.025
B Zn(ULR)) 0.025
% CA(TLER) 0.025
Y Po(ULFRH) 0.025
BRL -
é%gﬁ it As(ITCEH)) 0.025
M RETELER TR R
Ecosystem i%ﬁ@’” 2 ﬁh{ﬁ*ﬁl%f b . 0.040
health B1010g1c. P, ytoplankton deflSlty
community TR 22 FEPE IR (R
structure Phytoplankton diversity 0.060
threshold
FHAEE o
Zooplankton density
TR 2 R
Zooplankton  diversity 0.060
threshold
A it 0,040
Benthic biomass '
RMAWERLERIL o)
Benthic diversity threshold
HIRAY) & 0.040
Flshery resource biomass
) B I 20 P IR (L
Fishery resource diversity 0.060
threshold
BRLERE
ESRIIE 3y 2 5y
Ecosystem Primary productivity 0.200
function

BUE, S2Br L& 2 HE T B I & (38 4 K 4%,
2008; #ittaE, 2011). HZRIHTETTHEAR ) 25 i

HPRACE DL 1,

FI A ) A 2548 B B0 DEAN bk v 11 0 43 S0 10 5 25 e 1)
FhnifE; ToHEFERUER, 2247l bR i s S 58
B (ZEF, 2011) 4% 88 LRSI, 78 PEAS BRAL IR 5T H
THF, £ESH (KK BRE) (GB3097-1997)F1
(PRI T & ) (GB18668-2002); LEMIREVE 4514
PR o O (O = e A BNy (2 9 SRR I (<l )
(HY/T087-2005) . F535  45 (1994) 4% Hi i A= ) 2 FE v
8 3 % s o 12 4 52 45 (201 3) W 9 AV T8 A A5 R 4
YN SRR AR RS DI RE N TR B F
ZE(2003) 42 H BN G AL 7= 1Koy b . ELARRH G
Fa bR BARfE LR 2~ 6.
232 ARIRAEAL AW AE S 7% [ N AME G TT
R FERE B2 IR 25 (2012) 4% H 10 ik
AERBCERR I B Ak BR2ZERRZE 5 PR,
I BIRAE M 1.0, 0.8, 0.6, 0.4 F1 0.2 BT I7 8
{8 Y20 5 (201 8) 4 1 AR PRAN FE AR R 43 A B 1) L 36
i) R B A8 AR 3 28R B 1L o PAIR S N T fafl ) A4 35
AR R T, A mE LT 3 AN 288 d (41 1
I R B TR . HHEART .

(1) IEmfEts RIPEA 6 b A B (B =7, X
B RGEFREAF . AT BUA f#2(DO) ., 17

AR ) Z REE B . R sh ) 2 REME R . W sh )
ZREPERE . Wl IR SRR E R E AR A, X
BEFE PR PR EE F A (DR
0 Xl < Xmin
k
) K Xoin < x < (1)
X { Xmax _ Xmin J Xmm X1 Xmax
1 X > Xipax
(2) Wi fE bR BUTEAN 48 b5 O BB AR, X AR
HAESRGEREEA R, AU B # T A S

(COD). EHLA(N). M. HHBERREE(P) . BiFY
(SS). HifL¥n. K KETIRYHAMIE, Cu, H
Zn, Cd. Pb, As, XEEFEPRPRAEME LA ()T :

1 % < Xnin
[Xmax Xmmj Xmm XI Xmax
0 X > Xax
(3) &R BRI A 7 A8 B e e B
RHARAS R T AR S R G RRE . AWFSTEI pH,
AWELL(N = P), FRUFMHYI L | FHrsh YL | KR

WA Y AR W) B Aol W IR A Y =,
AKX G)ITHE

X SEFE AR A AR
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Tab.2 Standards for health assessment of artificial reef ecosystem in Danglang Island

852 Indicator category 845 Indicator FEM AR UE Assessment standard
PR EEIN T HEAOK RIS IR B R L KK TARIE(GB3097- 199 7)1 7 1 5 6 IR Ak 50 Sbns ife
Marine environment indicator YV TR DO ITHS R LU R ik (GB18668-2002)
T Ui R AL AR 25 BT 4 B (HY/T087-2005)
TRUERE ) 2 A I A= W) Z2 REPE R(E 0 P b
TRl Sh i AL AR 25 BT 45 B (HY/T087-2005)
HEYIREIE SRR T TR sh ) Z A (A A= W) Z2 REPE R(E 0 P b
Biology community indicator  JigAi A= ) £f 4y AT T A A RV 45 7 (HY /T087-2005)
JEEAT A4 22 R B A A=) 2R A Gbr e
el BEIR A Wy AT AR S BT 45 B (HY/T087-2005)
i B I8 22 R 1 A=) 2R A Gbr e
EERLIHEN bI ) I K5

Ecosystem function indicator

®3 BEESRZEMITMIER

Tab.3 Evaluation indicator for bay ecosystem organisms

P 254 Evaluation grade

PEAM 35 H Evaluation item

I I} I
UM% Density of phytoplankton (x10° ind/m®) 1.5~15 0.3~1.5 1, 15~20 <0.3 H>20
RS2 Density of zooplankton (x10% ind/m?) 4.5~12.5 3.0~4.5 1% 12.5~15.0 <3.3 1>15.0
JEMG A Y)Y Biomass of benthos (g/mz) 18.75~37.5 12.5~18.75 1 37.5~45.0 <12.5 5>45.0

x4 BEUEEFMURHSZE

Tab.4 Grade classification of potential eutrophication

i BIRH THR  WErEEEmRE:  ABELL
Level Trophic level IN (mg/L) IP (mg/L) N:P
I %% E % Poor nutrition <0.2 <0.03 8~30
1 75 #% Moderate nutrition 0.2~0.3 0.03~0.04 8~30
| & B 3% Eutrophic >0.3 0.03~0.04 8~30
Vp BBl 71 3 5 5% Medium nutrient with phosphorous limiting 0.2~0.3 — >30
vi Paray 1| Y ==
VP @iﬂﬂgﬁﬁﬂﬂ{éﬁﬁ@ :.?% . . ~03 _ 3060
Potential eutrophication with medium phosphorous limiting
) Yok e R
VIp @iﬁﬁﬁ%ﬂ{éﬁ Ea_:.?? . o ~03 _ ~60
Potential eutrophication with phosphorous limiting
IVN Z PRI H B ## Medium nutrient with nitrogenous limiting — 0.03~0.04 <8
R rh 4 | A M BT
yN ReEREREEEEr 000 - — >0.045  4~8
Potential eutrophication with medium nitrogenous limiting
VIN BRI T TEYE F B 3% Potential eutrophication with nitrogenous limiting — >0.045 <4

x5 EMEZHMERESTITMIRE
Tab.5 Evaluation standards for the threshold of biodiversity

THuiH SR ARME Evaluation grade
Evaluation items 1 2 3 4 5
Z % BR{H Threshold of biodiversity <0.6 0.6~1.5 1.6~2.5 2.6~3.5 >3.5
3 iy 5 = e 2
S205 Grade %= ﬁﬁ L3/ + 5 EwFEE

Poor Middle Preferable Plentiful High
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Tab.6 The evolution standards for the lever of primary productivity

i H Items

P25 4% Assessment grade

1 2 3 4 5 6
SIE
%]J_ﬁébijj . <200 200~300 300~400 400~500 500~600 >600
Primary productivity (mgC/mg-d)
SMHGA Classification describe K- $ﬁ$$ ¢§m$ $%m$ %¢$ ﬁ%$$
Low Low-Middle Middle Middle-High High Superhigh

3)

K, X RS FRPRAREE s X BT A 1 S5
{EL; Xnax A ERIFE BRI 5 KAE 5 Xonin H B ITFR A 1Y) B
/M a. b MFEFRERAAETE IR ; k TR

ABIF G P AR TEA (B R P 150 30 4 4 AR A o
A AL F 5 1l S O SR TR s AR A, Horp, BB
F S B H AR AR AR R VEAN bR o, 15 B0 0
Fr2: pH. IN FIIP /9 k(A 1, HABFEFR0 k (EH4 H
HXF R I PENE = 0.6 THEAFH (BB, 2011; THig6R
2012),

24 ABRFZBEREEGITNEE

MR8 THA G 25 T A A A vfE A (B RN A R AL, )
KO 25 A 1P 2 (Xu et al, 2004) 4 7 — P PEAr L
X N T Af R DX 0 S DXRIOG) R I A 2 R e Ml B FR 4K
(Ecosystem health index, EHI)JE{TZ5G V.

EHI =) W x H; 4)

K, EHI HAEBRGLGEEREG WS
MEPRIACE , H XN S | A F8 R B bR E LR

W BT EAR R BHL AR TERIAE 0~1
ZIE, 36 MERGER 7).

R7T AIBEESEREBRKESR

Tab.7 Grade for health level of artificial reef ecosystem

FE ARG A ARG RR K4
Index range Ecosystem health level
[0~0.2) A Sick
[0.2~0.4) —JBE9% Sore
[0.4~0.6) W@ Sub-healthy
[0.6~0.8) {#FfE Healthy
[0.8~1.0) TR B¢ Healthier
1.0 HefdE Healthiest

3 TFMER

BT 2013~2015 PR B N T A RS XA
Xif BRIXCS A ML U ) 2 500 W A5 AR AR A T I —fh Ab 3
Horfr, 2014, 2015 4 B b 38 45 S U H)0E
FHEAS RPN AT A X E 25 DNMEREFEAREE 8).
A LR S R G BRI, B RS R
Sl RRLE AR AR 3),

31 EHRESRERER

2013~2015 P4V 8 N T A X A= 25 R S8 1) 70 i
FREIEFRILEE 8. N 8 ITLIEH, AT X | fRitX
FU IR X B PR BRI 2, B SS. N = P o
FRPREARAN, FAh YR B = Bk, H 3 AN Z
ZE RO, R 2RI T RO R LA

A ) HE VR 25 R UE U 2 1Y) o3 fE RS bR 45 R R
3AESR, 3 AN XA TR IR AR 4 2 — LR R R KR
TEIEREY) . TRUE S . A 340 1) 22 R 1 1 AR
R AR AS LR AR K 5 £ 7 DXORI R 56F IX A0 3Ll 9 R
Ay RN A ) 22 R B Y R K R A, O K e
o XA R R T S DX, A RO R DX B R
=R

A R G DI REHE W 2 TR G 7 o M A
FreE R IR, 2013~2015 4F 3 A~ XA prig K, 0
SR FAET R AR 7K o 2013 AR 4R S XCRDG R
X B B4 B = T A X, B 2015 4k X 0] BY
R A 2 AN IX

32 EBERGBRESESEH

PR S 2013~2015 ‘FES RGEEHRL G TEEL
UL 3. M3 ATLIE Y, fafElx | 55 X %) EHI b
AR AR ST R (14 438 7 720 4 3 A, L R DX %) 448 K g
R R F AR B DX, X HR DX D0) 22 Stk /N J 3 R ka3
16 2013 4EARJEH AR, 3 ANXIK EHT 25148k,
FU BRI TR X RAR T X, 2] 2014, 2015 4,
ROEEESE 1 ~2 4, (@RS00 2 A X > R X >
X HRX
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Tab.8 Distribution of ecosystem health index
H—fkfH IH—1bE H—161E
ki (N TAAHEX) (FR5TIX) (AR IX)
Index Normalization value Normalization value Normalization value
(Artificial reef area) (Radiation area) (Control area)

2013 2014 2015 2013 2014 2015 2013 2014 2015
pH 1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000
% DO 1.000 1.000 1.000  1.000  1.000  1.000  1.000  1.000  1.000
b7 E /& COD 1.000 1.000  1.000  1.000  1.000  1.000  1.000  0.158  1.000
7J<JﬁE¥EE%’§ 0.997  0.999  0.999 0998  0.997 0999 098  0.989  0.895
Water quality TPHs
TeHLA DIN 1.000 1.000 1.000  1.000  1.000  1.000  1.000  1.000  1.000
TEPEREIR L 1P 1.000  1.000  1.000  1.000  1.000  1.000  1.000  0.000  1.000
RBELLN:P 0.875  0.000  0.907  0.000 0925  0.000 0950  0.925  0.000
EIEY SS 0.000  0.947  0.000  0.000 0.000  0.000  0.000  0.000  0.000
ik Sulfide 0.998  0.994 0992 0988  0.996  0.990 0.996  0.995  0.960
TR A i ZE Sediment TPHs 0970  0.997 0999 0980 098  1.000 0960  0.988  0.960
i Cu 0990  0.964 0974 0991 0960 0880  0.992  0.960  0.920
K Hg 0.988  0.980  0.995 0976 0980 0995 0990 0961  0.960
% Zn 0976  0.983 0991 0960 0987 0992 0991  0.960  0.960
5 Cd 0997  0.984 0960 098 0960 0984 0996  0.996  0.881
# Pb 0.996  0.982 0982 0995 0983 0992 0997 0988  0.960
fifl As 0.895  0.967 0989  0.883 0960 0881 0921  0.960  0.960
PP AL L ) 0976  0.979 0989 0976 0974  0.750  0.992  0.989  0.986
Phytoplankton density
mﬁﬁﬁ%gﬁmﬁﬁ 0.333 0466  0.552 0334  0.411 0.413 0350  0.351  0.383
Phytoplankton diversity threshold
RIS % ¥ Zooplankton density  0.000  0.025  0.993  0.000  0.250  0.998  0.000  0.250  0.988
VI 5 A7 LM B
””ﬁbj}%y#@ Iﬂ‘{ﬁ 0.000  0.184  0.333  0.000 0.000 0406  0.000  0.167  0.333
Zooplankton diversity threshold
JEMGZh ) 4= ¥y B Benthic biomass ~ 0.000  0.896  0.968  0.000  0.250  0.512  0.000  0.254  0.899
F&*ﬁxj}%?#ﬁlﬁ”ﬁ 0.300  0.467 0467 0516 0333 0483 0533 0267  0.266
Benthic diversity threshold
) R =
@ﬂﬁﬁi%i ) 0.675  0.725  0.825  0.675 0523 0552  0.775  0.751  0.652
Fishery resource biomass
ol s - pe b
@ﬂﬁﬁgﬁﬁ@ﬁ ) 0.483  0.666  0.833 0467 0552  0.667  0.521  0.450  0.353
Fishery resource diversity threshold
WG 7= 7 Primary productivity 0.200  0.412  0.635 0205 0332 0442 0205 0275 0223

080,
5075} N
Eo70| 4 1
§§ © 0,65
B 0.60 | ) o o
%émy 41 EBRFBRREEGTNIEREAMLMK
® 8 8451(5) —— X Reef area e e . . -
®E 040! —— EHHX Radiation area A 5 HE ST A PR S N T A DX R A 1 A
=03  ~ HIBKX Control area %, AT 3 AMEMZA 25 BUFMHEER, LA
2013 é? 2015 T RGN 4 TE , X T AR RSB R
ear

K3 PHIRE N TR X AR S R LR G 1R 5L
Fig.3 Ecosystem health composite index of artificial reef
ecosystem in Danglang Island
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RREIRAE Ry PR By N T AR DX A AN R G T 15

IR B HE B RSB 43 1 T 3 A A R A L T —
FE R (GRRESE, 2015; BEOFAE, 2016), K &R
SSH#Z | N:P/AKVU K, Wik, KA
Yy ) A I 2 i B H A DT 48 bR A R — TR
FRUE ST A ACHE SRR A 25 SR R, DU
R R =t AN ARV L B o W i< K i S W IR AL 7 L RN
ARG AL BT 5 B KR, Xt e A AR
BRI T — @R E &

55225 45 (2018) 7 B 48 A AR R HH EL 3G i T 4
PP I FR bR o W PERI AL 72 0 R T R A )
fitt, XEERHELESRENY RIGHRMEERR s,
FE A RO PR A A 2 i, Rl B9 0R i (B EEGE
&, 2009) . fa Rk DX S I 2R R R BE A R AE
2013~2015 F 2 F R B FRIG RS, aTIAT
R 1) T S R A 7 o B — s R R
T AR SV DX o R K A o

A TREEQOI T IR IR RAHEL, 4N T Hs
256 R TR 118 e L T T s o AR B e 8 AR D) ) ol %
TR IRAT 25 RN, FEFEARR R bt oy T il BE R 9 AR
Y M2 X 2 TS bR, KT 5% AR I 32k ) 9%
AR AT R DX G F7 P O B B X il
1 RAJE A A 4 R VR A e B, $0hfE 5 $4 IR 55 A
AR DO AR R STk AR A L R s . PR AE )
FIREECRAR T —E RN, anfaZieh 2013 4519 6 Fh
HEINE] 2014 4R 11 A1 2015 4E69 15 F, B T %
MDA 2 5 SR SO 71| PN 2 4 B N NS £
(Hexagrammos otakii) Fl1i/ [C F-fifi(Sebastes schlegelii).
VAT IR K B, T A R AR 4 B B A ) A
AR, F WM E, WAMOA R, F—
SE R BE L U BH VR U ol ) B VR RTES R s ) BV B TR
SE o 5K PEEE(2005) % M N T i I3 sl R 0T 5% 26
B, N T A ol 78 IR 0 K A B X, XS54
DI S

42 ANIBHRHESREFZBREUR

MRS TR & 2R S5 10 EHI S, 2014 4Rk X
(0.650)>%F FR[X.(0.598) 2015 4Efaffk [X.(0.783)>X HE [X.
(0.594), HHAh=F WA RS R i, A%
Q014 5T R M, R Al & ik J5 EHI b fa kX
(0.647)>XF HRIX (0.641); ZEFF45(2018)WF5Y £ W], L
TS B9 EHI 2014 4E Jy #RE X (0.787)>% I [X.
(0.807), 2015 4F 4 ffififk [X.(0.838)>%) IR X (0.671), H:
R aE A —, RUEERE)S Y EHL M X > X R IX,
HAaMEXE BHLZAE L H T AESRGEAGHAER
Rk B 4548 B 22 18] A AN T A 22 S 2 5 i — 22 Y 45

GBI 2=, (HARL IR — 5, 3450 ik X Y
FRAGECIRBLAR T, 2% B fa il g 0 F A S R G fa e FL
A —E B AR .

AHIFGE Hh B3 15 A DRGSR X O, 33895 T
SPIX, 55 5 X A X AR 800 m ¥ Bl N (#3555,
2005), AT LAXE N T fafl A= 2SR T B0 . T 4
T TN o ARPE AT S5 R BoR , 5 5 S KSR &
W TR IR X, JETE 2015 AE4EMTfE BR S R 3] T
fREREIR A o 16 A £ ff DX B R B 6T A L Sl EL A A
S, HAE—E B L ) T A A PR 1 el 3 el
WIR R, ARG NfEE.

5 #i¢

ARWFFELR A Y TR 5 N T A X A AR
BRI . YRR SRR RS W ey 25 4
febr, W T AESRE@FITMAE, XA T Ak X
Ko 8 g 3 25 R B ROIR OL AT X LA o 45
AN, FERERT, N CTAREDX R R B XCER R T
fEEFEIRZS, BHI A5 BB X >0 X > % B X, {H #E A 5¢
B 2 AE S5, ARRE DX S5 SR X E I f R R A AR Syt
FERAS, EHI ¥R IZAE F T3 ISR ikt
HRIX 3 4F— ERIBIR O ROIRAS, M 2015 449 EHI
B T 2 4R, (ARSI AT E, 2014 2
PR, B2 i AR BT . X RE X %) EHT B 2 AIK
T Ao X RAR ST IX, Ui T A A @ B e B AP &
FEVERT, N T Al i e i R i i 75 Ye it i s 40
WA o AR e N THE X AR S R A e &, R T
JEE BB O AN RS (R R R B 6 S S5 e, fe i v Ak
YyBGHE , BV AT B0 RS SRR FIME A2 DX M T AR 28 R
BEREP, Rl IR RO, R
Coise, W=k R EAE SR . N LA X AR
RENERBWES RS, W AWz 3 E IR
RBEFRE A A2, Bk, XA T Ak 2E
G PR R — IR R, W RRE I A W
it — 2L 2 BV AR 2R, DN A5 2 5 iRk 2= s
B RO

Chen QC, Huang LM, Yin JQ. Research on marine biodiversity
of Nansha Islands and its adjacent sea areas I. Beijing:
Ocean Press, 1994, 4250 [BAiEH, #EREE, Fam. mb
T8 B LA I DR AR W) 2 REVEDT ST 1. dbt: R
Jifit, 1994, 42-50]

Chen YH. Analysis of ecological effects of southern Dalajia



16 ook B

2 R %40 &

Island artificial reef area in Daya Bay. Doctoral Dissertation
of Jinan University, 2009 [PRI 4. JIEVE KB H AT
DAY AR 2SRV AT, R A P A "R AR 3,
2009]

Evans MS. Toxic contaminants and Great Lakes ecosystem
health: Current understandings and strategies for improved
assessments. Journal of Aquatic Ecosystem Health, 1993,
2(2): 87-93

Guo JY, Zhang ZB, Sun QY. Study and applications of analytic
hierarchy process. China Safety Science Journal, 2008,
18(5): 148-153 [F4E, KM, INK=. ERAHTEM
WFFE SR . E % e Rl2E224R, 2008, 18(5): 148-153]

Guo N, Luo J, Bo RL. Bioaccumulation and analysis of petroleum
hydrocarbons in aquatic products of Liaoning Province.
Hebei Fishery, 2015(5): 13-25 [5fr, %%, H/RHE A7
SRAELL T A A S P I AR YD R RS 0T, T, 2015
(5): 13-25]

Hu JP, Zhang HP, Tian Y. Technical report on construction of
Penglai oil compensation ecological restoration marine
pasture project in Hebei Province. Hebei Fishery, 2016 (4):
26-27 [FAF, SKIEEMS, HVE. Wb E SR MRS
B SR O I H R BRI Wb, 2016(4):
26-27]

Jia XP, Du FY, Lin Q, et al. Discussion on comprehensive
evaluation method of ecological environment quality status
of marine fisheries. Journal of Fishery Science of China,
2003, 10(2): 160-164 [B{LEF-, A1WHE, FRiK, 55 HEEH
G S BORIRBLER S VP AR V. T EKGREE,
2003, 10(2): 160—164]

Li CH, Lin L, Xu SN, et al. Establishment of integrated
methodology for bay ecosystem health assessment and its

application in Daya Bay. Acta Ecologica Sinica, 2013, 33(6):

1798-1810 [ZE4l)S, ARtk, TR, 5. MRS R g
JFREVEAN J7 A 1 S AE RS B JH . A= 524, 2013,
33(6): 1798-1810]

Li J, Zhang Y, Yuan W, et al. Research on artificial reef
ecosystem health based on fuzzy comprehensive evaluation
method. Progress in Fishery Sciences, 2018, 39(5): 10-19
(20, skHe, fh, 5. FETROMZE S IR N T Ak
AERRGERIIS. Rk, 2018, 39(5): 10-19]

Li L. Health assessment of the ecosystem of Lianzhou Bay.
Master's Thesis of Ocean University of China, 2011 [Z=F1].
[ L RN R s W 232 3 L R S T RE SN o T
HEEEAIB T, 2011]

Liu SX, Sun QB, Chen XM, et al. Seasonal distribution
characteristics of chlorophyll-a concentration in the coastal
waters of the North Yellow Sea. Marine Environmental
Science, 2011, 30(4): 528-532 [XIik%), FMKHE, BRZEAM,
S, JUEDHRIT R TN SR a YRR AT RIE. TETEER
BBk, 2011, 30(4): 528-532]

Malley DF, Mills KH. Whole-lake experimentation as a tool to
assess ecosystem health, response to stress and recovery:

The experimental lakes area experience. Journal of Aquatic
Ecosystem Health, 1992, 1(3): 159-174

Munawar M, Munawar IF, McCarthy L, et al. Assessing the
impact of sewage effluent on the ecosystem health of the
Toronto Waterfront (Ashbridges Bay), Lake Ontario. Journal
of Aquatic Ecosystem Health, 1993, 2(4): 287-315

Rapport DJ. What constitutes ecosystem health? Perspectives in
Biology and Medicine, 1989, 33(1): 120-132

Rosenberg DM, Resh VH. Fresh water biomonitoring and
benthic macroinvertebrates. Quarterly Review of Biology,
1994, 69(2): 286287

Sonstegard RA, Leatherland JF. Great lakes coho salmon as an
indicator organism for ecosystem health. Marine Environmental
Research, 1984, 14(1-4): 480

Tang WY, Tang YL, Sheng HX, et al. Ecosystem health assessment
of Weihai Xigang artificial reef area. Periodical of Ocean
University of China (Natural Science), 2018, 48(3): 55-64
Vs, FERT ), A, 45 U v AN Tk AR
RGERETAY. b R E 2 R (A AR BEA R, 2018,
48(3): 55-64]

Tong F, Zhang XM, Wu ZX, et al. The ecosystem health assessment
of artificial reef areas in Lidao Island, Rongcheng. Periodical
of Ocean University of China(Natural Science), 2014, 44(4):
29-36 (&%, sKkFHE, RUE, O RMUER AT AaEX
A SR GUERR AT, v B R 2 4 (A SRR,
2014, 44(4): 29-36]

Willia SJ. Arilificial reef evaluation with application to natural
marine habitats. New York: CRc Press, 2009

Xu FL. Ecosystem health assessment of Lake Chao, a shallow
eutrophic Chinese lake. Lakes and Reservoirs Research and
Management, 1996, 2(1-2): 101-109

Xu FL, Lam KC, Zhao ZY, et al. Marine coastal ecosystem health
assessment: A case study of the Tolo Harbour, HongKong,
China. Ecological Modelling, 2004, 173(4): 355-370

Yang J, Li CH, Jia XP, et al. Ecosystem health assessment of
artificial reef area in Yangmeikeng, Daya Bay. Ecological
Science, 2011, 30(4): 399-405 [#7ilf, Z4lJE, BIHEF, 4.
RIS T AR IX AL S RGN, AR,
2011, 30(4) : 399—405]

Yang J. Research on regional ecosystem health assessment in
Daya Bay. Master's Thesis of Shanghai Ocean University,
2011 [hak. KOV AR S RG @B T, LR
FERSAR BT A 2085, 2011 ]

Yang L, Liu TY, Huang RK. Theory and practice of artificial
reefs in China. Guangzhou: Guangdong Science Technology
Press, 2005 [#+%, X[, B4t IR T fa kg
WS JTM: AR R, 2005]

Yin ZQ, Zhang SY. The ecological effect evaluation system of
protective artificial reef in East China Sea. Marine Fisheries,
2012, 34(1): 23-31 [FH5R, WSFF. RIGXBHRIR D
N T AEA S RO R R WIS, L, 2012,
34(1): 23-31]

Yu CD, Yu CG. Research on the utilization of offshore fishery



55 6 1] RREIRAE Ry PR By N T AR DX A AN R G T 17

resources and management of marine fishing operations in AL VS ON T A A SR P RO . W R v,

Southern Zhejiang. Beijing: Ocean Press, 2009, 14 [ELEH Ik, 2005, 27(1): 38-43]

BUAEAR. WL RS RSN B R F) A -5 B Al A Zhang Y, Chen JF, Guo F, et al. Variation of seawater quality at

EOFSE. dbnt: T AREL, 2009, 14] the artificial reef area in Laizhou Bay. Progress in Fishery
Zhang H, Zhu KW, Tang JH. The effect of fishery resource Sciences, 2013, 34(5): 1-7 [5kHa, MRk, S8, . KM

enhancement in the artificial reef area in the Haizhou Gulf. N T An e ik ORI ZS AR ERE. Mol Rk, 2013,

Marine Fisheries, 2005, 27(1): 38-43 [3K[2, AL, e 34(5): 1-7]

(hiE B P
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Abstract In this study, we used a fuzzy synthetic evaluation to build an ecosystem-health assessment
model according to offshore sea ecosystem characteristics and artificial reef construction functions from
three aspects: Physicochemical environment, biological community structure and ecosystem function. To
eliminate the dimension effect of sub-indexes, normalization process was used. An analytic hierarchy
process was used to assign a threshold or the ecological indicator. The synthetic health index was used to
assess the health status of the artificial reef areas, radiation 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, standard marine sediment quality, and guidance for
the assessment of coastal marine ecosystem health. We conducted a series of ecosystem health
assessments of artificial reefs, and radiation and control areas of Danglang Island based on the survey
results of 5 voyages in 2013~2015. The results showed that the ecosystem of artificial reef areas was in a
healthy state, whereas the control area was in a sub-healthy state. From the highest to the lowest, the
ecological health index was: The three reef area (0.783)>radiation areas (0.646)>control area (0.594).
Compared with non-reefing, the ecosystems of the reef and radiant areas were all separated from the
sub-healthy state and gradually improved, however, the control area was still in a sub-healthy state and its
development was unstable. Therefore, the conclusion was that the ecosystem of the artificial reef areas of
Danglang Island were more stable than the control areas, and ecosystem health of radiation areas, was
gotten better, due to effect of reefs. The study of reef ecosystem health and scientifically assessing
artificial reef ecological effects is important for the construction of reef projects, environment protection,
stock enhancement, efficient administration, and sustainable development of fisheries.

Key words Artificial reef; Ecosystem health; Fuzzy synthetic evaluation; Analytic hierarchy process
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