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Integrated assessment of marine aquaculture ecosystem health. framework

and method
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3 Rongcheng Fishery and Ocean Bureaw, Rongcheng 264300, China

Abstract: Since the notion of ‘health’ was introduced to the field of ecosystem assessment in the late 1980s, ecosystem
health has become a source of concern for scientists, environment managers and the public, and protecting this health is the
new goal of ecosystem management. Ecosystem health is generally accepted in terms of ‘ system organization, resilience and
vigor, as well as the absence of signs of ecosystem distresses’, which also includes the presence of essential functions and
key attributes that sustain the life of the system. A healthy ecosystem is defined as being °stable and sustainable’ ;
maintaining its organization and autonomy over time; and resilient to stress. Due to the complexity and diversity of
ecosystems, various conceptual frameworks, methods and indicators have been put forth for assessing ecosystem status and
environmental quality. Although more and more attention has been given to marine ecosystems of late, assessment studies of
these systems are still in their infancy.

The rapid development of extensive mariculture in China is placing pressures on marine ecosystems, which in turn
affects the health and sustainability of mariculture development. The mariculture ecosystem is a special and complex
system, which is under intense pressure by human activities. The main features of this ecosystem are simple biological
community structures, dysfunctional material and energy recycling, and an easily degradable system. The ecological
problems in mariculture ecosystems include the deterioration of water and sediment environment, increased eutrophication,

damage of natural biological communities, and decreased biodiversity. The degraded habitats will subsequently impact the
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development of mariculture by causing decreased seafood quality and frequent occurrence of diseases.

In China, health assessments of various natural coastal ecosystems have been attempted in recent years, such as the
Yangtze River Estuary, Yellow River Estuary, Jiaozhou Bay and some coastal wetland ecosystems. However, there still
remains no published study focusing on the health of mariculture ecosystems. To assess the pressure, state and responses of
the ecosystems that support aquaculture, an integrated framework and method was developed in the present paper for
assessing the health of mariculture ecosystems represented by those in embayments.

The framework and method was developed through an analytic hierarchical process and included 25 indicators. The
assessment approach followed the Pressure-State-Response (PSR) processes. The Pressure layer included two components :
external pollution pressure (influx of nutrients, oil and heavy metals into the mariculture system) and aquaculture pressure
(‘aquaculture density/scale, degree of self-pollution and cultured species diversity ). The State layer included four
components ; hydrological condition ( water exchange capacity), water quality ( concentrations of nutrients, oil and heavy
metals, dissolved oxygen level/COD, water transparency/SPM ), sediment quality ( content of organic carbon/nitrogen/
phosphorus, concentration of oil and heavy metals, ORP) and biological community quality ( biodiversity index of
phytoplankton, zooplankton and benthos, abundance of microbe/fecal coliforms, and integrity of significant habitats). The
Response layer included four components; HABs occurrence, aquaculture diseases, aquaculture product quality, invasion
of alien species. This is the first attempt to establish an evaluation method concerned exclusively with marine aquaculture
ecosystems in China. This method is expected to be a tool for ecosystem health assessment and adaptive marine management

in mariculture domains.

Key Words: mariculture; ecosystem health assessment; analytic hierarchical process ( AHP) ; index system
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Fig.1 The hierarchical structure of the integrated assessment of marine aquaculture ecosystem health ( number in brackets are initial weights

of indicators)
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Table 1 Assessment criteria of indicators in ecosystem pressures

bR LN PO
Module Indicator Assessment criteria
ARG Y
External pollution  #MJEI5 L i 7 >10 5—10 2—5 0.5—2 <0.5
pressure
FE R o
Aquaculture ﬁ%ﬁjﬂfﬁ i 80—100 60—380 40—60 20—40 <20
pressure
A &5k T) >10 5—10 2—5 0.5—2 <0.5
ST R A
B 3% 58 % B R £
RO R 3R R
e Am FEFREM L A BT AT NI 13 2 P N Ei=
L T S S T E T U Y ST
HAME }Lﬁ*” - AR KR EEZEL%I‘?Q? oS MZES E AR R
" A A B L = BOREHE LSBT 2 4Rk %R
1 [ B, o X 3 B
MAEBRGEMNE
J1 R R ME
85 1 2 3 4 5

4.1.2 FEFHE IR
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Table 2 Assessment criteria of indicators in ecosystem state

i Module F845 Indicator TEMFRUE Assessment criteria

IR s
kX S AZHSE I Half-life time/d >60 40—60 20—40 10—20 <10
Hydrological environment
A5 T -1 =2
AR TR >15 5—15 2—5 1—2 <1
Water quality Eutrophication index (EI)
o 4 J VTR AU T8 4
Potential ecological risk index for  >200 100—200 60—100 30—60 <30
heavy mental (RI)
R (TR HEED
DO( Nemerow index) >2 1.5—2 =15 0-5—1 <0-5
PRI suspended substance 50—100 1050 510 <s
concenration/ ( mg/L)
M2/ (mg/L) >0.5 0.1—0.5 0.05—0.1 0.02—0.05 <0.02
UG S5 PR35 [ A PR
Sediment quality Organci carbon content/% >4 2 =2 0-5—1 <0-5
T 4 Ja W e XUBS: 15 0 Potential
ecological risk index for heavy >200 100—200 60—100 30—60 <30
mental ( RI)
A AL )5 HLA Oxidation-
AEIRBAL Oxidation <=100 ~100—0 0—100 100—200 >200
Reduction Potential/mv
ﬁt PSR =N
8 MUFQ R Py >600 400—600 200—400 100—200 <100
Sulphite content(107°)
iz 0il(107°) >1000 500—1000 200—500 100—200 <100
A v B HEHIZAEVE biodiversity (H') <1 1—1.5 1.5—2 2—3 >3
Biological ¥ A #if Fecal coliforms
oosles ARSI HRE Fecal coliforms 5, 1000—2000  500—1000  100—500 <100
community quality density in water/ (ind/L)
e - "
SIS RIB IR Fecal coliforms 60—100 40—60 20—40 <20
density in sediment/ (ind/g wt)
wopsgay 0T HS
FREEAS I A S B A= A R A 0 2 B EENWE%DE JREE AR RN AW N E
F2 M0 Impacts of aquaculture on the % K % 3K 1§ }P;ﬁ’/l\ Ejgijj WA E MATAoRE B A K KA
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T4 ) X ’
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(1) EFRE
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Kb EL N EE TR 5 COD AL 2E R E BT, mg/L; DIN A TCHLE WK E , we/L; DIP 4 JC ML
pg/Lo

(2)HEE

SR BRI0G Y8 AN 75 I Hakanson ) $2 1 A VAR A 25 KU H8 I0A X 20 8 4 I8 15 YL B DL A T 45
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< . Ci
RI = Z T (5)
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Table 3 Toxic coefficients and standard concentrations for the assessment of heavy metals in water column

4 J& Heavy metals Hg Cd As Pb Cu
T R B Toxic coefficient T_ 40 30 10 5 5
FRUEH B Standard concentration S /( mg/L) 0.0002 0.005 0.030 0.005 0.010

(3) A

YR E TN FE BRI 2 2 % (N. L. Nemerow) FEEUN AT

c -C.
I.(DO)=—""—~+ 6
(D0) = == (6

max
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Table 4 Assessment criteria for the indicators in ecosystem response
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Table 5 Ranking of marine aquaculture ecosystem health
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