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Single species models 
stock assessment 
Used in routine TAC advice 

Multi-species models 
Multi-models 

Two strands of work 



The TAC machine 



Models as a cog of the TAC machine 

•  Desirable qualities: 
– Reliability 
– Familiarity 
– Uses available data 

•  Optional qualities 
– Handling of uncertainty 
–  ‘State of the art’ 

•  End result 
– A single, ‘final’, model configuration 



Single stock models 
North Sea cod 

Inputs 
•  Catch data 
•  Survey data 
•  Natural mortality 
•  Growth & maturity 

For TAC forecast 
•  Recruitment 
•  Natural mortality 
•  Growth & maturity 



Multi-species models 



Model Details   
•  Size-structured model of North Sea fish community 

•  21 fish species :: include cod, saithe, whiting, herring, 
sprat, Norway pout, haddock, sandeel, sole 

•  No seabirds or mammals 

•  32 length classes of 5 cm each  

•  Recruits to the model have an assumed length of 2.5cm 

•  Cod populate all length classes, sprat maybe just 4 

•  Hockey-stick recruitment function (original Ricker curve 
had poor response to changes in fishing pressure) 



Methodology 

•  Chose 7 key parameters: 
 

•  2 stock recruit parameters, fertility & carrying 
capacity 

•  Life history 
•  Predation 
•  Growth efficiency 
•  Diet  
•  Non-predation natural mortality 
 

•  Select plausible ranges from expert judgement 
and assume all equally probable a-priori. 



Methodology (2) 

•  5 options for each parameter. 
•  5**7 = 78,125 members of “unfiltered 

ensemble” (UE). 
•  Generate projections of “historic” biomasses of 

10 assessed North Sea stocks. 
•  Construct “filtered ensemble” (FE) subset of UE 

consistent with data (188 instances or 0.24%). 
•  Use FE to generate probabilistic responses to 

various fishing scenarios. 



Ensemble Methods in 
Multispecies Stock 
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Probabilistic 
forecasts of 
community 
response to fishing 
at different levels 

Determine 
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parameters 
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Study Questions 

•  Is it safe to fish the community according 
to single species F-MSY estimates? 

 

•  Does this achieve a good overall yield? 
 

•  [Do “fish community” indicators 
discriminate between acceptable and 
unacceptable solutions?] 



Initial Study Questions 
•  Is it safe to fish the community according to single 

species F-MSY estimates? 
•  Yes, all stocks are safe at this level (just) 
 

•  Does this achieve a good overall yield? 
•  Yes, F-MSY is close to the maximum yield amongst 

the scenarios considered here. The maximum total 
system yield is not safe. 

 



LeMans Interactions 

Relative variance associated with F 

Interaction strength 
increases with colour. 

Significant off-
diagonal colour 
means multispecies 
interactions 
important. 
 
Top right redder than 
bottom left. Fishing 
on cod and saithe 
has wider impact 
than sprat and 
herring. 



LeMans vs LeMans Interactions 

Ensemble member 3 Ensemble member 15 

EM15 more interactive than EM3 
Both have same diet matrix 
M2 higher in EM15 due to combination of other parameters 
Both options are plausible in terms of projected stock biomasses 



LeMans Interactions 

8 x 8 yield against F matrix 
Diagonal ! each stock’s own F vs Yield 

EM3 == orange 

Larger M2 has 
greater impact on 
“prey” stocks 

EM15 == blue 

Cod yield vs F very 
similar 

Sandeel & sprat very 
different Fi
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LeMans Interactions 

8 x 8 yield against F matrix 
Diagonal ! each stock’s own F vs Yield 

EM3 == orange 

EM15 == blue 

Some responses are 
similar. 

Some are very 
different 
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Multi-model qualities 

•  Desirable qualities: 
–  Reliability  :  
–  Familiarity            
–  Uses available data   

•  Optional qualities 
–  Handling of uncertainty 
–  ‘State of the art’ 

•  End result 
–  A single, ‘final’, model configuration   
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Reflections 

•  The TAC machine keeps on turning 
–  Single and multi-species models have different roles 

•  Sometimes imperfection is OK 
–  If we can live with Pretty Good Yield, how about an ensemble of 

Pretty Good models? 


