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Establishment of integrated methodology for bay ecosystem health assessment and

its application in Daya Bay
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Abstract: Bay ecosystem health, recently, has faced a growing interference and disturbance by anthropogenic activities,
which has also caused challenges to ecosystem management. Ecosystem health assessment, a new methodology of ecosystem
assessment, could obtain the current situation both of ecosystem structure and function and provide a great of necessary
information for ecosystem management. An integrated assessment methodology for bay ecosystem health was established
based on geographical information system ( GIS) technology, which was on basis of a “pressure-structure-response” frame
model for marine ecosystem and an ecosystem health assessment indicator system constructed by external pressure,
ecosystem structure and response parameters. This paper also presented a case study of Daya bay in spring by employing
GIS technology.

The results showed that the average ecosystem health integrated index was 0. 57 in Daya Bay ecosystem in spring.
Detailedly, organic pollutant index ranged from 0.36 to 1, with the average value at 0. 87, was at “very good” level of
Daya Bay ecosystem. Eutrophic level index value ranged from 0. 17 to 1, with the average of 0. 77, indicated “better” level
of the ecosystem. Furthermore, phytoplankton abundance index was at a “worse” level because of the ranges from 0. 33 to 1
and the average of 0.21. Zooplankton biomass index ranged from 0. 16 to 1, with the average of 0. 88, suggested the

ecosystem was at a “very good” level. Zoobenthos biomass index was at “critical state” , as the index value ranged from 0
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to 1 and the average value at 0.59. Moreover, phytoplankton diversity index was also “critical state” level, as the index
ranged from 0.39 to 0.75 and the average of 0.55. Primary productivity index, ranged from 0.21 to 1 and the average of
0.77, illustrated the “better” level of the ecosystem. However, ecological buffer capacity index was at a “worst” level, as
the index value ranged from O to 0. 39 and the average value of 0. 06. Resumptively, spatial distribution of the assessed sea
area could be divided into three zones according to the grade of integrated assessment index, namely “good health zone” ,
“critical health zone” and “bad health zone”. The percentages of three zones were 46.56% , 47.97% and 5.47% , with
the average integrated health index of 0. 64, 0.54 and 0. 35, respectively.

In general, the status of the Daya Bay ecosystem health was at a “better” level according to the above indexes.
However, the health status of the ecosystem was potential to change to “critical state” by the negative influences by factors
including phytoplankton abundance, phytoplankton diversity and buffer capacities of the ecosystem. The “bad health zone”
in the Daya Bay ecosystem distributed at or near the area with the intensive anthropogenic activity. Consequently, the
special distribution of Daya Bay ecosystem health status was mostly affected by anthropogenic activity around the bay. The
established methodology has been ultimately proved to be a valuable quantitative assessment method and to be worth widely

popularizing in marine ecology due to the characteristics of wide applicability, high accuracy and good expression.

Key Words: GIS; health assessment; spring; spatial interpolation; Daya Bay
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Fig.1 Sampling stations for the ecological environment investigation in Daya Bay
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Table 1 Indicator system for ecosystem health assessment in Daya Bay

£ AEXHEE IR Relative healthy state
Indicator i Good 3£ Bad
FEJ146H5R (B)) AP HFEEL (C)) fik =
Stress indicator BIIKPIEE (Cy) fik =
SEHIE SRR (B,) TR ERE (Cy)/(x10*/m?) ik =1
Structural response indicator s A e (Cy) /( mg/m3 ) = 1%
JEREA A=Yt (Cs) /(g/m?) = (s
TR Z FEVESR B (Cy) = 1%
RESR LA b (B ) B (Cy)/(mgComd ™) i 1%
Functional response indicator
ARIINE b (B.) AAGEER By g (C5) /10 # &

System-level response indicator
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C, FHLIGRAREL  RIUKARZ A HLTS YT YRR e
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K, A FEVIGIIEE Coop Cix Crp \Cro A FEE . (mg/L) WA (mg/L) JEMEBERER (mg/L)
48 (mg/ L) BYSEBRIERAE ; € cop JC i i <C o 2353048 P T-HE I B9 — 23 K 7K AR A ( GB3097—1997)

C, BIFATIRE WK E TR

_Con*CnXCyp N
1500

X E R FKEAE S Coop (me/L) Con(e/L) (Cop( e/ L) 53 B AL 2 AU AR A ML 5 P B R 4h
B 52 Rl S

Co TRIFHI ZREMERREL WL RGN 24 AR e 1t , 2 ) Shannon-Weaver ZFEMEFEEL

DI =- ; [7\;] log, (IZL\;) (3)

K, DI R ZREERRE n, A @ B RECR (AS/m®) N R BAEYEGE (A /m?) s PR SRS,
C, IR T MR R o M .
P=(C,xDxQ)/2 (4)
K, P NI T=T1 (mg C/m’d) ,C, MERZR a WRIE (mg/m®) , D RYGIREHE (h) , Q MFLRCE (mg C-
mg ™' Chl-h™") MRIELIEIH AL R K2 EHRKZE /30 IUE 4. 05 4.05 Fi13.42,
Co EBZ MR RAESRGUREAR R R S H T Z /N b f A8 e 2 e .
1
P 500 )
K, e AIREAS G, f£OINEINA . ARG v i R U FRR A R GEAZ MBI 1) I 5 AR, K 8
T TR AR BRIPE R A AR S R G TR R IS Th R B g 3 RS AR R e A
FE AL, PRI RT D IR AE 4 = B RS IR £ 5 5 0 R R S A A G2 WS EE (B p) (yuey ) FVEXEL
1.4.2 HHERHE
VRS A S R GR B VR (0 B H R EE AT o0 A 25 R G HR A PR E M H AR, MU A 8 R G E A
FIPEAN bR, PR G A B E bR, 7T ORI S AR S RGN 54 S R G LAY SR B 45 Ak ke, ol ke B
TEM 45 T I AR 25 R A B S PR TS B, AR A P A A R DU 0 58 A VS VTS A S R LB VY
TR R PR — RSP E B HAR (R 2) . I TASZWAERRZ 0TS E B R, H Ik A0 20
I B S 6 RO V5 A 2 R e i B TP By 198 7 s B T s A B, A R T A 2 R G AN A4 B H A
AHWFFEBERE 1987 AEAE RIS A JH A Kt ) TH5E A8 24 H H AR

A=

F2 ATTESRFEREITNEEB4R

Table 2 Management objective for ecosystem health assessment in Daya Bay
£ (ESLER7N 275 3k
Indicator Management objective Reference
A HLFYHEEL Organic pollutant index <1 [15-16]
HFEIKF-FEEL Eutrophic level index <0.5 [15-16]
TP FEE Phytoplankton abundance / (x10*4~/m?) =500 [15-16]
TP EhH I 8 Zooplankton biomass /( mg/m®) =100 [15,20]
JEMIA 4 i Zoobenthos biomass / (g/m?*) =100 [15-16, 20]
U 2 REMEFEEX Phytoplankton diversity index =3.5 [20]
WA= S Algal primary productivity /( mgC-m™-d™") =600 [15]
LS GO AE B1py (o) Ecological buffer capacity/x1073 =1.72 [19]
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Table 3 The evaluation standard for the level of bay ecosystem health state
FEEU Index [0,0.2) [0.2,0.4) [0.4,0.6) [0.6,0.8) (0.8, 1) 1
{@FEIRZS Health state (3= B I S g AT ot

1.4.3  {f{EJ7T AT RS

23 [ 370 (L2 R I R BUR PN B3804k B rb fi o S B ) 20 R, M RE L die R, AT 28 ™ A% ) 2 R (RO
b, A REPRUE SR (E 25 R A MER AT e, A RECRAIETE A &5 R A9 S S 200 . 20 il P S R BS AInASL (IDW ) A28 [ s bR
B(RBF) 3 5 HUAR (OK) 3 FiF{E 7 %, % I35 17 i AR ) = B Bl A T R i S B AL A (B2 58, 2 )
HHEREBEMRER TR,
1.5 HHEE

(RPN SR AR EE PR SR AR A TP AR I 2 i — M, A R AR 2 B BN R A A 245
R FIRZ U BTk i e A R B B RIT7 05, X Q12 A 25 2R 0 A B BUIR PR A9 98 AR AN 238 B kAT 3
B BB HHER ST FAX T LW TR E IR 4 R

R4 KTBETRFRBEITNIERNERY

Table 4 Weighting factor of ecosystem health assessment in Daya Bay

i H J&J1 gl L REM N FR G 1]
Item Pressure Structural response Functional response System response
$845)Z Criterion layer B, B, B, B,

N E Weighting 0.25 0.25 0.25 0.25

A FJZ Factor layer G, G, Cs, G, G5, Gy C, Cq

I Weighting 0.1924, 0.1031 00.'01905‘&: 00..01708891’ 0.1363 0.1814

B,—B,, C,—C; W 1.

1.6 SuEJrk

K FHAE SURIE R S AR B R . X TR (A | 28 SURHIE 53 BT 85 2 2 8 4 v M BR — 1~k
FE SRR R T (R RAE AR SR I B A B, P T 52 25 34 (H (MEAN) FHR 2B 7R (RMS) . — ek
U, 5 Tl A 0 77 3 190 15 2 1A 240 %o {1 R 5% 2 180 A SR e /N3, LA B A A (L AR, TR & RS R/
3/T
2 ZEREHH
2.1 f(E LRI

23 147 {2 3 (et R R PE A 5000 Ak B b 5 o SR 20 B, M e K, A R0l P 110 25 R4 (LA
b, A B PR UESR (LS5 SR A MER nT 58, A BE LR UE DM 25 SR 00 B S & W, J AE FH I B 2 in A (1IDW ) 428 i) 2k by
U (RBF) 8 5 A% (OK) 3 B (A 771 , X R0 8 v Wi A ) =F 3 B s AT (i S B AL Al (2 05, 2 )
TR ZEBE R 2Z R, 45 R IR 2 Fik 3,

FE 5 1,3 FPOy A5 2 AR 25 Y E 46 X H 1) KNI A OK< IDW < RBF, 3225 ¥ 7 AR 19 K/ 41 OK
< RBF <IDW, JCig/E iR 2Z HME L SHEIL SRR 2R, OK ARJE: 3 Fh ik vhde /N, Al WXT T 2005 45 H 1Y
TR F R T 5, OK J& 3 Fh ik ks i B e s 1, PR LR 9 OK AR M AS Bl 48 7 {d FE PEAN v R 1)
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Fig.2 Interpolation result of phytoplankton abundance in Daya Bay

FEAETT I,
x5 FIHFEYEEBEARRESEZXBIELROLR
Table 5 Resultant comparison of the cross-validation about the phytoplankton abundance
L EWIRFS IREES Y WEHMH 12284 75 iR
Interpolation method Parameter model Mean RMS
R BE B IAGHIE IDW Power =2 -137.7 3429
A2 li) 2 PR B L RBF SE S LI 2% PR A -652.4 2150
i v ARG E OK (B s -94.55 2101

2.2 ZS[AMEESSR

A IR b AR R B FEAR GETHE RIS HT AR (E 7 ik DL 6 R {EAS R UL 3, Wi 3 T LA 45 046 4R
1823 ] AT e

(DAPTSHARE BT, KIS AT L5 e K0 BT 5 v S 2 I 30 1) 74 o S 322 ¥ e il ) 34
B fri (L R IRAE 2R A RS AR A4 12 11 R A ¥ 4

(2) BIRAKEARE B IR AR BT PO f b A9 67 0 B s (B oG R X RO 7160 6 34
T,

(3) PRWFRE FRE L2 BHDA T2 TO0 22 1 o o ol ) 3, e et (L B2 TOU P 0

(4) Wl sh e RBUTR ORI B A0 S A 3, e e (L HE B VU R 0 T B, B MR
HH BRAE TS RO RIS 1 H e

(5) FRME A BB AR VU I 1] 925 T3 i Dok PO A, e {0 14 LA 2R Tl e V3
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Fig.3 Interpolation results of health assessment indicators in spring
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(8) A A BEBUIE R R I 2R VG o0 e sk P A A, 7 e oS e B T AR R ) L I, A AR A
HHBUAEAR TR
%6 BESTUERRAHIENE ARG ML A R EE S %

Table 6 Statistics of raw data of Daya Bay and interpolation method in spring

bR /ME RRME FH{E FrifE 22 A%
Indicator Minimum Maximum Mean SD Interpolation method

VE YL HEH
AP HARAC -0.48 2.74 0.66 115 RBF
Organic pollutant index
s B
:'?%Jj(_q:h‘ﬁ . 0.07 3.03 0.83 1.14 RBF
Eutrophic level index
TR

R . 3 280.40 18939.40 6647.49 6579.10 OK
Phytoplankton abundance/ ( x10*4~/m’)
TR S
kel %Eﬂ 3 15.80 219.40 116.40 73.46 0K
Zooplankton biomass /( mg/m")
JERAAE 4 A My i
R %/JE ) 8.50 793.20 232.38 303.77 OK
Zoobenthos biomass /(g/m”)
R ” S L
PRI ZRFEIAL 1.33 2.77 1.91 0.45 OK
Phytoplankton diversity index
u o

BRI 124.70 839. 60 525.15 246. 60 0K

Algal primary productivity /( mgC+m™-d™")
SN B 1p) (phyio)

) _ B} 0.03 0.60 0.19 0.20 0K
Ecological buffer capacity/(x107)

2.3 ERRGHBREEE
K25 1 75 R G 45 TGS B A B 0 8 B S 1o 20 A WL IR 4, a2 S AR 3, o 3 S DA Vi Jal 1 v AR
B WET,
F7 SRESHEEDSSEMTEINERE S

Table 7 Area percentage of sea areas with different health grades
AL Area ratio

£zt (3= B I RS By ARGy 5338
Indicator Very bad Worse Critical state Better Very good Best
[0,0.2) [0.2,0.4) [0.4,0.6) [0.6,0.8) (0.8, 1) 1

VEYL R

filisudii 0 7.88 11.75 5.55 3.86 70.90
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Fig.4 Two-dimensional distribution of health fractional indicators in spring
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Table 8 Health fractional indicator mean in every health region of Daya Bay in spring

XI5 Regions C, C, C, C, Cs Cq G, Cq

{4 24 X Poor health regions 0.79 0.83 0.10 0.79 0 0.53 0.87 0.14
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