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Ecosystem-based fisheries management requires a holistic assessment of the status of fisheries by integrating
fishery ecosystem indicators for management objectives. In this study four objectives were identified such as
the maintenance of the sustainability, biodiversity and habitat quality and socio-economic benefits. The
ecosystem-based fisheries assessment (EBFA) model to assess fisheries and their resources at the ecosystem
level developed for Korean fisheries (Zhang et al., 2009) has a number of indicators for three management
objectives. However, it was found that there were some overlapping components among indicators and that
there were difficulties in assessing some indicators in the EBFA model. This study identified problems of
the approach and suggested more pragmatic and simpler indicators. It also presented alternative reference
points to assess indicators and discussed issues associated with the application of the EBFA model to a
marine ranching ecosystem. In this study a total of 24 indicators were used for the assessment which
included 4 socio-economic indicators. New indicators and reference points were demonstrated by applying it
to the Uljin marine ranch. 

Keywords: Ecosystem based fisheries assessment, Objectives, Indicators, Reference points, Marine ranching
ecosystem
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Fig. 1. Identification of objectives for the ecosystem-based
fisheries resource assessment.

Table 1. Objectives and attributes for the ecosystem-
based fisheries resource assessment

Objectives Attributes
Biomas
Fishing intensity
Size at first capture

Sustainability Habitat size
Community structure
Reproductive potential
System productivity
Genetic structure

Total bycatch
Total discards

Biodiversity System trophic level
Diversity
Integrity of functional group

Habitat
Habitat damage
Discarded wastes

Productivity
Income

Socio-economic benefit Profitability
Market
Employment

SSSustainability HHHabitat

EEsocio-economic
benefit BBBiodiversity
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Table 2. Old and new indicators for the ecosystem-based fisheries resource assessment

Objectives Attributes

Sustainability

Biodiversity

Habitat

Socio-
economic

benefit

Biomass

Fishing intensity

Size at first capture
Habitat size
Community structure
Reproductive potential
System Productivity

Genetic structure

Total bycatch
Total discards

System trophic level

Diversity
Integrity of functional group

Habitat damage

Discard wastes

Productivity
Income

Profitability

Market
Employment

Old indicators New indicators

Biomass (B)
or CPUE (U)
Fishing mortality (F)
or Catch (C)
Age at first capture (t)
Habitat size (H)
FIB index
FRP index
Total production of ecosystem (P)

No. of spawning populations (SP)

Ditto

Ditto

Age (or Length) at first capture (t or L)
Ditto
Mean trophic level in catch (TL)
Rate of mature fish (MR)
slope of length (or weight) spectra
Ratio of (release stock abundance) 
/(wild stock abundance) in catch (Rr/w)

Bycatch rate (BC/C)
Discards rate (D/C)

Mean trophic level (TL)

Diversity index (DI)
Invasive/traditional species in catch

Ditto
Ditto
Mean trophic level of the community
(TLc)
Ditto
Pelagic sp./ Benthic sp. (P/B) in catch

Critical habitat damage rate (DH/H)
Pollution rate of spawning and nursery
ground (PG/G)
Lost fishing gear
Discarded wastes (DW)

Ditto

Ditto

Ditto
Ditto

Maximum economic yield (MEY)
Income per person employed (IPPE)
Ratio of porfit to sales (RPS)
Ratio of cost to sales (RCS)
Ratio of landing to total supply (RLTS)
Employment rate (ER)
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Table 3. Reference points for indicators of the sustainability objectives for the ecosystem-based fisheries resource
assessment

Indicators
Better than target Beyond limit 

Indicator status
Between target and limit 

Biomass (B)
or CPUE

Fishing mortality (F)
or Catch (C)

Age (or length)
at first capture (t or L)

Habitat size (H)
Mean trophic level in catch (TL)

Rate of mature fish (MR)
Slope of size spectra

Ratio of (released stock
abundance)/(wild stock abundance)
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TL <3.26
MR MR20%

P 0.01

1.0 Rr/w
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Table 4. Reference points for indicators of the biodiversity objectives for the ecosystem-based fisheries resource
assessment

Indicators
Better than target 

Indicator status 
Between target and limit Beyond limit 

(BC/C) (BC/C)target 

(D/C) (D/C)target 

(TLc) 3.25 

(DI) DItarget

(P/B) (P/B)target

0.05(P/B)target 

(BC/C)target (BC/C)
(BC/C)limit 

(D/C)target<(D/C)
(D/C)limit

3.25 (TLc) 2.75 

DItarget (DI) DIlimit 

0.05(P/B)target

(P/B) (P/B)target

0.1(P/B)target 

(BC/C) (BC/C) limit 

(D/C) (D/C) limit 

(TLc) 2.75 

(DI) DIlimit 

(P/B) (P/B)target

> 0.1(P/B)target

Bycatch rate 
(BC/C) 

Discards rate 
(D/C) 

Mean trophic level of
the community (TLc) 
Diversity index (DI) 

Pelagic sp./ 
Benthic sp.

(P/B) 
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Table 5. Reference points for indicators of the habitat objectives for the ecosystem-based fisheries resource assessment

Indicators
Better than target 

Indicator status 
Between target and limit Beyond limit 

(DH/H)
(DH/H)target 

(PG/G)
(PG/G)target 

FR FRtarget 

DW DWtarget

(DH/H)target (DH/H)
(DH/H)limit 

(PG/G)target<(PG/G)
(PG/G)limit 

FRtarget FR FRlimit

DWtarget DW DWlimit

(DH/H)
(DH/H)limit 

(PG/G)
(PG/G)limit 

FR FRlimit

DW DWlimit

Critical habitat damage rate
(DH/H) 

Pollution rate of spawning and
nursery ground (PG/G) 

Lost fishing gear (frequency, FR) 
Discard wastes

Table 6. Reference points for indicators of the socio-economic benefit objectives for the ecosystem-based fisheries
resource assessment

Indicators
Better than target 

Indicator status 
Between target and limit Beyond limit 

|L-MEY| 0.1MEY 

IPPE UIPPE

RPS URPS
RCS URCS

RLTS URLTS

ER UER

0.1MEY |L-MEY|
0.2MEY

LIPPE IPPE UIPPE

0% RPS URPS
URCS RCS 1

0.5URLTS RLTS URLTS

0.5UER ER UER

|L-MEY| 0.2MEY

IPPE LIPPE

RPS 0%
RCS 1

RLTS 0.5URLTS

ER 0.5UER

Maximum Economic Yield
(MEY)

Income per Person Employed
(IPPE)

Ratio of Profit to Sales (RPS)
Ratio of Cost to Sales (RCS)

Ratio of Landing to Total Supply
(RLTS)

Employment Rate(ER)

* IPPE : Income per person employment
UIPPE : Monthly average income of urban working person, LIPPE : Monthly minimum cost of living
RPS : Ratio of profit to sales, URPS: Average % of total fisheries, RCS : Ratio of cost to sales
URCS : Average value of total fisheries, RLTS : Ratio of landing to total supply
URLTS : Average value of total seafood, ER : Employment rate, UER: average annual ER % of total industries
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Table 7. Risk scores based on old indicators for the ecosystem-based fisheries resource assessment in the Uljin marine
ranching area

Objectives

Sustainability

Biodiversity

Habitat

Attributes

Biomass

Fishing intensity

Size at first capture
Habitat size
Community structure
Reproductive potential
Productivity
Genetic structure

Total bycatch
Total discards
Trophic level
Diversity
Integrity of functional group

Habitat damage

Discarded wastes
Habitat protection
Habitat recovery

Indicators

Biomass (B)
CPUE
Fishing mortality (F)
Catch (C)
Size (Age) at first capture
Habitat size (H)
FIB index
FRP index
Total production of ecosystem (P)
No. of spawning populations (SP)

Bycatch rate (BC/C)
Discards rate (D/C)
Mean trophic level (TL)
Diversity index (DI)
Pelagic sp./ Bathic sp. (P/B)

Critical habitat damage rate (DH/H)
Pollution rate of spawning and nursery
ground (PG/G)
Lost fishing gear
Discarded wastes (DW)
Prohibited area from fishing (PA)
No. of artificial reefs (N)
Area of artificial seaweed bed (A)

Risk scores

0

2

2
2
1
1
2
2

1.1
0
0

1.6
2

0

2

1
2
2
0
0
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. 
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. 

.

Table 8. Risk scores based on new indicators for the ecosystem-based fisheries resource assessment in the Uljin marine
ranching area

Objectives

Sustainability

Biodiversity

Habitat

Socio-economic
benefit

Attributes

Biomass

Fishing intensity

Size at first capture
Habitat size
Community structure
Reproductive potential
System productivity
Genetic structure

Total bycatch
Total discards
Trophic level
Diversity
Integrity of functional group

Habitat damage

Discarded wastes

Productivity
Income
Profitability
Market
Employment

Indicators

Biomass (B)
CPUE
Fishing mortality (F)
Catch (C)
Size (Length) at first capture
Habitat size (H)
Community trophic level(TLc)
Maturity rate (MR)
Slope of size spectra (S)
Ratio of (released stock abundance)/
(wild stock abundance in catch) (Rr/w)

Bycatch rate (BC/C)
Discards rate (D/C)
Mean trophic level (TL)
Diversity index (DI)
Pelagic sp./ Bathic sp. (P/B)

Critical habitat damage rate (DH/H)
Pollution rate of spawning and nursery
ground (PG/G)
Lost fishing gear
Discarded wastes (DW)

Maximum economic yield (MEY)
Income per person employed (IPPE)
Ratio of porfit to sales (RPS)
Ratio of landing to tatal supply (RLTS)
Employment rate (ER)

Risk scores

0

2

2
0
0
2
0

2

1.1
0
0
0
0

0

0

1
2

2
0
0
0
2

Table 9. Objective risk index (ORI) and species risk index (SRI) for the Uljin marine ranch using the ecosystem-based
Tier 1 fisheries assessment approach

Species Objective

ORI SRI

Old
method

New
method

Old
method

New
method

1.380
0.840
0.625

0909
0.314
0.600
0.667

0.924 0.623

Sustainability
Biodiversity

Habitat
Socio-Economic benefit

Starry flounder
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Fig. 2. Diagram showing objectives risk indices of Starry
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ecosystem-based fisheries assessment in (a) Old method
and (b) New method.
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