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• Halibut PSC in BSAI is currently fixed, irrespective of 
halibut stock status

• Moving towards abundance based PSC? 

• What would be the consequence to the BSAI 
groundfish fishery and the directed halibut fishery?

Context
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• Current model structure: 
MSE

Multispecies

Mimics quota allocation

Models fishing dynamics 

The multispecies technical 
interaction model
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Modified from: CSIRO, Australia
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The OM

• Age-sex structured, no predator-prey dynamics
 VB growth

 Asymptotic age selectivity (1 fishing fleet + 1 survey)

 BH stock-recruitment relationship

• One way-trip historical fishing trajectory

• 3 BSAI species (i.e. cod, pollock, yellowfin sole)

• Fixed halibut bycatch limit
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Modified from: CSIRO, Australia

• Index of abundance

• Age composition data

Data generation
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Modified from: CSIRO, Australia

Stock 
assessment
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Assessment model

• “CAB” model (Cabezon, Cope et al. 2003)
 Same structure as the OM

 Generic, simple, and fast (good for MSE)

 Estimate: recdevs, selectivity, SSB0

• Data for assessment:
 Fishery and survey age composition 

 Survey index of abundance 
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Modified from: CSIRO, Australia

• Acceptable Biological Catch 
(ABC) 

Stock 
assessment
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Modified from: CSIRO, Australia

Quota 
allocation TACs
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• Allocate quota to each species by accounting for:
 Past fishing pattern 

 Stock assessment recommended Acceptable 
Biological Catch (ABC)

 Total yield and bycatch constraints

How to do this? 

Through the use of linear programming

Quota allocation
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Maximize

Under conservation measures and constraints:

'

'

, ,

1 1

, ,

, 1

1

1

speciesmetier

metier

obsnn
j k t

j n
k j obs

j k t

t k

k

t

C
p

C

d
 



   


'

'

, ,

, 1, 1

1

, ,
1

   for species ,  metier 
metier

metier

obsn
j k t

j tn
k obs

j k t
k

k t

C
ABC j kd

C







 


'

'

, ,

, ,
1

, 1

metier

metier

obsn
bycatch k t

n
k obs

bycat t
k

k

ch k

td
C

PSC

C


 


'

'

, ,

1 1

, 1

, ,
1

speciesmetier

metier

obsnn
j k t

n
k j o

k

b

t
k

t

s

j k

C
OY

C

d





 

 


1 , , 1, 211 k tk t k td dd   

“Target species quota constraints” 

“Bycatch limit = 4426 (halibut PSC)” 

“The OY hard cap” 

“Métier concentration factor: contraction 
(λ1)/expansion (λ2)” 

Red: estimated
Black: input values

Past observed 
catch composition

Net price

1.

2.

3.

4.

Linear programming
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“Dissecting” the fisheries

• “Métier” (Ulrich et al. 2009, Andersen et al. 2011)

= combination of fishing ground, gear and fish assemblages

Method:

• Run cluster analysis on observer catch composition data 
• Finds groups with similar catch characteristics
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The data + data processing

• Observer data (NORPAC)
• 2011-2014

• BSAI region only

• Species catch (weight) by operation

• Data processing
 Define “sector” i.e. A80, Longline CP, CDQ, BSAI TLA (thanks to Jason 

Gasper and Josh Keaton)
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Cluster analysis

• For each sector (4) and area (14):
 Apply the partitioning around medoids (Kaufman and Rousseeuw 1990)

to the tow by tow species (113) raw catch data (across 2011-2014)

 Divide into 2-10 clusters

 Choose the best number of 

clusters i.e. the one that maximizes 

the silhouette index (Cope et al. 2009)

 Keep the results for the 4 species 

of interest
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Fishing patterns by month, area, sectorC6 Kotaro Ono ppt 
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A80

Longline

BSAI TLA

CDQ

Catch composition by métiers

cod

halibut
pollock

yellowfin

Cluster analysis output 

Areas
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Variability in between-year catch 
within “métiers”

Métiers 
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Maximize

Under conservation measures and constraints:
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“Target species quota constraints” 

“Bycatch limit = 4426 (halibut PSC)” 

“The OY hard cap = 2e6” 

“Métier concentration factor: contraction 
(λ1)/expansion (λ2)” 

Red: estimated
Black: input values

Past observed 
catch composition

Net price
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Variability in between-year catch 
within “métiers”
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Maximize

Under conservation measures and constraints:
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“Target species quota constraints” 

“Bycatch limit = 4426 (halibut PSC)” 

“The OY hard cap = 2e6” 

“Métier concentration factor: contraction 
(λ1)/expansion (λ2)” 

Red: estimated
Black: input values

Past observed 
catch composition

Net price
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4.

Linear programming
?
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“Adjusting” the net price in the MSE

 To mimic the quota allocation (or species’ catch+bycatch)

 
2

modelminimize
speciesn

k

observed predicted
 

 
 


Pollock= 0.73
Yellowfin sole = 0.71
Halibut = 0

Cod = 1.0 (fixed)
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Modified from: CSIRO, Australia

The fleet 
dynamics TACs
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• Hyp: fleets maximize same utility function

• BUT EVERY year
 Catch composition by métiers changes wrt species abundance

 Creates mismatch between realized catch vs. allocated 
quota

How to determine the realized catch? 
The fleet dynamics
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Modified from: CSIRO, Australia

Feedback

30 years

50 iterations

Solve for 
harvest rate 
that would set 
catch = 
realized catch
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Things we can examine

Scenario example:

• Potential consequence of halibut bycatch reduction?

• Fixed vs. abundance based PSC? 

C6 Kotaro Ono ppt 
APRIL 2016



Effect of halibut bycatch reduction

To come…
will be updated by SSC meeting
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• Include more BSAI groundfish species

Moving on to the abundance 
based halibut PSC case study
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One approach

• Based on CAB fit to IPHC estimates of SSB and 
proportion at age (coastwide model)

• project recruitment deviation in the future (e.g. from 
fitting a time series model to IPHC estimate of rec-
devs)

Including halibut in the OM
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• Use historical global fishing rates 

E.g., in future year  t let

where and associated variability would be 
determined based on some historical period.

• Option could also include current IPHC over-
arching 30-20 rule

Mimicking directed halibut fishery 

Abundance based halibut PSC

   2, 0,t t t t FF f B N    

 tf B

KEY POINT: PSC analysis would not pre-suppose future 
IPHC MSE feedback and/or future developments…

C6 Kotaro Ono ppt 
APRIL 2016



• From discussion paper (see attachment 1 e.g.)

• Candidate BCRs should consider
 Data generation needs from operating model

 Which abundance indices to use and how to simulate; e.g., 
 Adult index = based on SSB in the OM

 Recruitment index (BSAI) = need to find relationship with historical 
halibut abundance; e.g.,

Then use it to generate it from the OM

BCR options for halibut PSC in BSAI

Abundance based halibut PSC

   2, 0,recruit

t t t t IAIA g B N    
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Thank you!
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“Adjusting” the net price in the 
MSE

--> To mimic the 2015 catch+bycatch

Cod = 1.0 (fixed)
Pollock= 0.73
Yellowfin sole = 0.71
Halibut = 0
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