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Outline
• Why is managing Small Pelagic (SP) fisheries especially difficult?
• Why is Management Strategy Evaluation (MSE) useful and can it be used 

for SPF?
• How can we explicitly consider an Ecosystem Approach to Fisheries (EAF) 

within an MSE?
• Some examples of explicitly considering EAF in making management 

decisions for South Africa’s small pelagic fishery
• Summary



Managing Small Pelagic Fish
• Why is managing SP fisheries especially difficult?
- Short life spans
- Highly variable recruitment
- Rapid changes in biomass levels, with ‘regimes’ or ‘pulses’

• Difficult space in which management needs to operate
- Objectives can include relatively stable catches
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Pulse!

Barange et al. (2009) Current trends in the 
assessment and management of stocks

California sardine

Humboldt sardine

South Peru/North Chile 
sardine

Japanese sardine

Chilean sardine



Managing Small Pelagic Fish
• Traditional fisheries management
- Target Reference Points implicitly assume that B0 can be estimated (e.g. BMSY=0.4B0)
- But for SPF, B0 isn’t always well estimated

• B0 can differ considerably for alternative stock recruit relationships, all of 
which fit the data near equally well
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Managing Small Pelagic Fish
• Estimates of B0 can change over time

• This complicates the single-species management of these highly dynamic 
resources

• What about EAF…!
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We don’t 
know B0 with 
confidence!
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Management Strategy Evaluation
• What is MSE?
- State-of-the art method to simulation test Management Procedures (MPs)
- Takes uncertainty into account

Siple et al. (2021) F&F 22:1167-1186

Different 
candidate MPs

Single resource or 
collection of inter-

connected resources



Biomass at 
start of 

management 
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Current 
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productivity

Management Strategy Evaluation
• What is a Management Procedure (MP)?
• Pre-defined and pre-agreed:
- Data collection schemes
- Analyses applied to those data
- Decision rules

Add Other Pics?

Siple et al. (2021) F&F 22:1167-1186
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Management Strategy Evaluation
• Key advantage of MSE:
• Allow managers to select an MP which has been simulation tested to 

satisfy pre-determined objectives
- transparently informed about trade-offs 

between competing objectives
- while taking into account uncertainties

Miller et al. (2019) CJFAS 76:643-656

How much uncertainty 
can one realistically 

incorporate?



Management Strategy Evaluation
• Does the (greater) uncertainty associated with SPF exclude them from MSE?
• Does the high variability associated with SPF recruitment and biomass 

exclude them from MPs?
• Some have argued that MPs with their pre-agreed HCRs would never work
• Do they require dynamic “rules” and within-season negotiations?

No!
• MSE has been shown to be an effective means of managing SPF

No!



Management Strategy Evaluation

No!
Increasing global trend towards undertaking 

MSEs and adopting MPs for SPF

Siple et al. (2021) F&F 22:11671186
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• Don’t restrict yourself to ‘standard’ MPs (e.g. constant F)
• HCRs can be designed to accommodate some of the unique 

characteristics of SPF
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• The starting point for MSE is the objectives
• Objectives should explicitly include consideration of the role the targeted 

resource (SPF) plays within the ecosystem

Explicitly Taking an EAF in MSE for SPF

Siple et al. (2021) F&F 22:1167-1186



• The starting point for MSE is the objectives
• Objectives should explicitly include consideration of the role the targeted 

resource (SPF) plays within the ecosystem
• Conceptual objective (e.g. maintain a sustainable fishery)

- High-level policy goals

• Tactical objective (e.g. ensure SSB remains above SSBlim)
- Operational 

• Performance statistic (e.g. p(SSB<SSBlim)≤0.05)

Explicitly Taking an EAF in MSE for SPF



Explicitly Taking an EAF in MSE for SPF
• Six primary ways in which EAF can be explicitly considered in MSE
• OM level of detail driven by: - Available data

- Objectives



1) Use an ecosystem model as (one of) the OMs

Explicitly Taking an EAF in MSE for SPF

Blamey et al. (2022) Cons Bio 36:e13864



1) Use an ecosystem model as (one of) the OMs
• Most demanding w.r.t. data and computational requirements
• Models of Intermediate Complexity for Ecosystem assessments (MICE)
- Include limited, key components of the ecosystem
- Conditioned to available data for all of the components
- In principle, useful for tactical management advice
- Realistic computing time (compared to other ecosystem models)

Explicitly Taking an EAF in MSE for SPF

Siple et al. (2021) F&F 22:1167-1186

Blamey et al. (2022) Cons Bio 36:e13864

© Department of Primary Industry and 
Resources, NT (Northern Territory, Aus)



Explicitly Taking an EAF in MSE for SPF

External quantitative 
model/relationship

2) One-way coupling of the OM with another model/relationship to provide 
EAF performance statistics
• Output from OM is input to additional model/relationship



Explicitly Taking an EAF in MSE for SPF
2) One-way coupling of the OM with another model/relationship to provide 
EAF performance statistics
• Output from OM is input to additional model/relationship
• For example
- OM based on SPF target species (sardine)
- Output is projected future sardine biomass; this varies for each CMP
- Input future sardine biomass to model of penguin dynamics in which 

penguin survival is dependent on sardine biomass
- Calculate rate of increase (or decrease) in penguin 

numbers based on projected future sardine biomass



Explicitly Taking an EAF in MSE for SPF
2) One-way coupling of the OM with another model/relationship to provide 
EAF performance statistics
• Computationally more efficient than using an ecosystem model as OM
• (Only) key components of ecosystem need to be considered
• OM and other model/relationship can be developed independently
• One-way only (e.g. SPF impact on predator not vice versa)



Saraux et al. (2021) F&F 22:262-279

Explicitly Taking an EAF in MSE for SPF
3) Density-dependent natural mortality (M)
• M typically includes all forms of non-fishery-related deaths

• Predation on SPF may be relatively greater 
when the forage fish biomass is low

• Use density-dependent M as a proxy 
for non-negligible changes in predation 
pressure

• One-way only (e.g. predator impact on SPF 
not vice versa)



Explicitly Taking an EAF in MSE for SPF
4) Performance statistics based on ecosystem thresholds
• For example:
- Proportion of years for which SPF biomass (or combined prey biomass) is 

predicted to fall below a threshold level for a given CMP
- The extent to which SPF biomass falls 

below a threshold level for a given CMP
• Threshold should be selected from 

external data / quantitative relationships
• OMP-14 and OMP-18

- p(Bw
obs<336 000t)

- Avg # consec years Bw
obs<336 000t

336 000t

Robinson et al. (2015) IJMS 72:1822-1833
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5) Informing control parameters of the HCR
• For example:
- Using external data/relationships to pre-select HCR threshold
• Control parameters ideally selected by “tuning” 

the MP to ensure performance statistics meet 
objectives and/or trade-off between objectives

• An MPs performance in relation to e.g. an EAF 
threshold can be highly dependent on the OMs 
used and their relative weighting

• Not recommended; rather use (4)
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Explicitly Taking an EAF in MSE for SPF
6) Adjusting reference points (RPs) 
• Performance statistics often based on Target and/or limit RPs
• For example: p(SSB<SSBlim) or p(B>BMSY)
• Marine Stewardship Council : Target RP of 75%B0 for SPF



RSA Purse-seine Fishery
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Hondeklip Bay

Doring Bay

Lambert's Bay

Columbine

Cape Town

Agulhas

Mossel Bay
Port Elizabeth

Port Alfred

Orange River

RSA Purse-seine Fishery

Engraulis encrasicolusSardinops sagax

© WWF-SASSI

© seafood.media

Spawning during spring 
and summer

Currents transport 
eggs and larvae to 

the west coast

Nursery 
area

Southwards 
recruit migration 
during autumn 

and winter



RSA Purse-seine Fishery
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Explicitly Taking an EAF in RSA?
• Jointly modelling and managing sardine and anchovy
- Explicitly considering the impact of juvenile sardine bycatch with the anchovy 

directed fishery

• First step to taking ecosystem aspects into account?
- Primarily driven by technological interactions rather than biological ones
- Implicit objective being to best maximise catch for both species
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• MPs regularly reviewed and updated to accommodate new research:
- e.g. stock structure, stock-recruitment

OMP-94  (OMP-97)  OMP-99  OMP-02  OMP-04  OMP-08  OMP-14  OMP-18

• OMP-14 - First time impact of fishery on ecosystem explicitly considered

Small Pelagic Scientific Working Group 
Objectives 

and 
Performance Statistics

Explicitly Taking an EAF in RSA
Explicitly 
defined 

objectives

© VectorStock.com

• No a priori limit to # of 
objectives we considered



• Humans are apparently only able to mentally make comparisons 
consistently over no more than about 7 statistics

• Why not rather maximise a utility function?
• Multi-Criteria Decision Making (MCDM) considered in 1990s
• Developing a defensible utility function of all the performance stats for 

the stakeholders was impractical in a fisheries management setting

Explicitly Taking an EAF in RSA
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? ?
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• Separated objectives into 3 categories

• The role these fish play in the ecosystem and the impact of the fishery on 
that role would be explicitly considered in the MSE

Explicitly Taking an EAF in RSA

Target resource

Socio-economics

Ecosystem

© WWF-SASSI

Cury et al. (2005) Processes and patterns of interactions 
in marine fish populations: an ecosystem perspective 



• Separated objectives into 3 categories

• The role these fish play in the ecosystem and the impact of the fishery on 
that role would be explicitly considered in the MSE

Prioritised 
performance statistics:

“Non-negotiable”

“Core decision”

“Trade-off”

Explicitly Taking an EAF in RSA

Target resource

Socio-economics

Ecosystem

© WWF-SASSI

Cury et al. (2005) Processes and patterns of interactions 
in marine fish populations: an ecosystem perspective 



Non-negotiable performance statistics
• One for each target resource
• Risk
• p(SSBy<SSBlim) < pre-agreed %

• While this focuses on the target resource only, it has fundamental 
implications for industry and ecosystem

• All CMPs were tuned to ‘just’ achieve pre-agreed risk %
• If this could not be achieved, CMP was not considered further

Explicitly Taking an EAF in RSA



Core-decision performance statistics

Explicitly Taking an EAF in RSA
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Trade-off performance statistics
• Considered only together with  

semi-final CMP options
• Ecosystem objectives
- Ensure sardine biomass remains sufficient 

over time on both west and south coasts
- Ensure combined sardine+anchovy biomass

remains sufficient to avoid potential
catastrophic ecosystem implications

Explicitly Taking an EAF in RSA



Why did this method work?
• It brought EAF front and centre in our MSE
- required ecosystem objectives to be defined and theoretically considered equally to 

those of the target resources and industry

• Prioritising the objectives enabled effective development of CMPs while 
recognising that different stakeholders wanted to focus on stats 
meaningful to them

• Forced consideration of what parts of the ecosystem could be 
reasonably quantitatively modelled to depend on SPF 

• However, varying level of total catch had only a limited impact on 
penguins. Distribution of sardine biomass far more important

• In practice, ecosystem performance stats did not play an equal role

Explicitly Taking an EAF in RSA



• Note! Not all objectives can be included in an MSE
• Does purse seine fishing within a 20km radius of penguin breeding 

colonies negatively impact the bird population?
• Requires highly spatially-disaggregated OM
• Run a parallel process to MP
- Experiment of opening and closing

islands to purse seine fishing
- Did not affect total catch limits, only

affected alternating small areas
where the catch could not be taken

Explicitly Taking an EAF in RSA

DFFE (2021)  A Synthesis of Current Scientific Information Relating to the Decline 
in the African Penguin Population, the Small Pelagic Fishery and Island Closures



• MSE for SPF had gained some good ground in recent years
• There is a collective desire to take an EAF in managing SPF
- and to do so quantitatively
• Outlined 5 (or 6) ways one can do this
• Biggest current restriction?
- Data limitation, delaying the estimation of credible quantitative 

thresholds, one-way relationships and MICE

Recommendations
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