


Authors’ recommended Model 17.09.35 GOA Pacific cod 
Status Quantity

As estimated or specified 
last year for:

As estimated or specified 
this year for:

2017 2018 2018 2019
M (natural mortality rate) 0.47 0.47 0.49 0.49
Tier 3a 3a 3b 3b
Projected total (age 0+) biomass (t) 426,384 428,885 170,565 198,942
Female spawning biomass (t)

Projected 91,198 98,479 36,209 34,424

B100% 196,776 196,776 168,583 168,583
B40% 78,711 78,711 67,433 67,433
B35% 68,872 68,872 59,004 59,004

FOFL 0.652 0.652 0.42 0.40
maxFABC 0.530 0.530 0.34 0.32
FABC 0.530 0.530 0.31 0.31
OFL (t) 105,378 94,188 23,565 21,412
maxABC (t) 88,342 79,272 19,401 17,634
ABC (t) 88,342 79,272 18,000 17,000

Status
As determined this year for:

2015 2016 2016 2017
Overfishing no n/a No n/a
Overfished n/a no n/a No
Approaching overfished n/a no n/a No

Western Central Eastern Total

Random effects area apportionment (percent) 44.9 45.1 10.0 100.00

2018 ABC 8,082 8118 1,800 18,000
2019 ABC 7,633 7,667 1,700 17,000



GOA Pacific cod



GOA Pacific cod
Bottom trawl survey

• Low density through surveyed area
• Some medium-low density along Alaska Peninsula 

and south of Unimak Island



GOA Pacific cod
AFSC longline  survey

• Low index value
(39,523 RPN)

• 53% decline from 2016



GOA Pacific cod
Other surveys

IPHC longline survey 1997-2016
• 2016 Lowest 

ADFG trawl survey 1988-2017
• Delta-GLM fit
• 2016 lowest 
• 2017 slight increase from 2016 in Western GOA 



GOA Pacific cod
Bycatch in pollock fishery
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GOA Pacific cod-
Bycatch in pollock fishery



Number of cod per pollock KG of cod per KG of pollock 

GOA Pacific cod
Bycatch in pollock fishery



GOA Pacific cod
Bycatch in shallow water flatfish fishery
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• Catch at < 60% of ABC 
• Low CPUE in Central GOA all fisheries
• Low CPUE in pot fishery in Western GOA, 

high CPUE for other sectors
• Poor condition for 2014-2017 in longline and 

pot fisheries for fish < 80cm

GOA Pacific cod
Fishery data



GOA Pacific cod
2017 Fishery data

*As of 11/4/2017



GOA Pacific cod
Fishery data – observed distribution



Central GOA Western GOA

GOA Pacific cod
Fishery data



• Anomalously warm waters 2014-2016
• Deep and continued throughout the 

year

CFSR analysis by QiongYang



East

West

Analysis by Stephani Zador



GOA Pacific cod
The Blob

• Likely substantial impact on Pacific cod recruitment and natural mortality

Bioenergetics analysis by Kirsten Holsman



GOA Pacific cod
Bio-energetics summary



GOA Pacific cod
Model fitting



GOA Pacific cod
Base Model 16.08.25



GOA Pacific cod
Base Model 16.08.25



GOA Pacific cod
Fishery length composition

Trawl                                                               Longline                                                 Pot



Trawl fishery Longline fishery

GOA Pacific cod
Fishery length composition

?



GOA Pacific cod
AFSC survey length and age composition

Trawl survey length                                       Trawl survey age                                       Longline survey length



GOA Pacific cod
Conditional length at age 



GOA Pacific cod
Environmental index

Analysis by QiongYang, PMEL



GOA Pacific cod
Base Model 16.08.25



GOA Pacific cod
Base Model 16.08.25



Model 17.08.25 same as 2016 Model16.08.25 
• Addition of 2017 trawl and longline surveys
• Addition of 2016 and 2017 fisheries catch and composition data 

Data changes - Model 17.09.xx series – Presented in September
• New method for proportioning fishery length composition data
• ADFG port sampling for some pot fishery year/trimester/area

Model changes
• 2015-2016 block on M 
• Varying selectivity for trawl and longline fishery for 1977-1989
• Longline survey catchability conditioned on temperature
• New block on trawl and longline fishery selectivity for 2005-2006
• Francis T.A18 method for model tuning
• M conditioned on temperature

GOA Pacific cod
Model runs for 2018



Models Natural mortality Survey catchability Length-based Selectivity
17.08.25 
last year’s model 
with 2017 data

Fit with normal prior of 0.38 and 
σ = 0.1

Trawl fit with uniform prior
Longline float

Blocked time varying selectivity dome-shaped 
allowed for all but the longline fishery. 
Longline and trawl: 1978-1989, 1990-2012, 2013-2016, and 
2017 

Pot: 1978-2012, and 2013-2017

Bottom trawl survey: 1984-1995, 1996-2005, 2006-2017

17.09.25 Fit with log normal prior 
log(μ) = -0.81 and  σ = 0.41

Same as 17.08.25 Same as 17.08.25

17.09.26 Two blocks;  1977-2014 and 2017 
and 2015-2016.
Block 1: Fixed at 0.44 
Block 2: Fit with log normal prior 
log(μ) = -0.81 and  σ = 0.41

Same as 17.08.25 Same blocks as 17.08.25, except selectivity 
allowed to be fit annually f0r the 1978-1989 
block based on parameter devs with CV = 0.2.

17.09.31 Same as 17.09.26, except both
blocks fit with lognormal prior 
log(μ)= -0.81 and  σ = 0.1

Trawl: Fit with uniform prior
Longline: Fit with uniform prior 

and conditioned on  temperature 
index with single uniform 
parameter

Same as 17.09.26

17.09.35
17.09.36(Francis tuned)

Same as 17.09.31 Same as 17.09.31 Same as 17.09.26, except added block for  trawl 
and longline fisheries for 2005-2006

GOA Pacific cod
Model runs for 2018





GOA Pacific cod-
Model runs for 2018



GOA Pacific cod-
Model runs for 2018



GOA Pacific cod 
Data update: 16.08.25  vs.  17.08.25

Model 16.08.05                                 Model17.08.25                                          Model16.08.25        Model17.08.25



GOA Pacific cod-
Data update: 16.08.25  vs.  17.08.25



GOA Pacific cod 
Data changes: 17.08.25 to 17.09.25



GOA Pacific cod 
Exploring Model 17.09.25



GOA Pacific cod 
Exploring Model 17.09.25



Model17.09.25 Model17.09.25 
W/Sel. change

Model17.09.25 
W/M Block

Model17.09.26

Parameters 134 191 135 192

Likelihoods
Total 1672.59 1624.40 1644.72 1598.34

Survey 24.84 24.81 8.75 8.41

Length Composition 1102.86 1052.32 1097.88 1047.31

Age composition 547.62 538.96 545.91 538.34

GOA Pacific cod 
Fishery selectivity variable 1977-1989 
and 2015-2016 block on natural mortality

Model 17.09.25                                   Model17.09.26                                     Model17.09.25             Model17.09.26



GOA Pacific cod 
Fishery selectivity 1977-1989 
and 2015-2016 block on M



GOA Pacific cod 
Fishery selectivity 1977-1989 
and 2015-2016 block on M



GOA Pacific cod 
17.09.25 vs 17.09.26

Model 17.09.25                                    Model17.09.26                                      Model17.09.25           Model17.09.26



GOA Pacific cod 
17.09.25 vs 17.09.26

Model 17.09.25                                   Model17.09.26                                     Model17.09.25             Model17.09.26



GOA Pacific cod 
17.09.25 vs 17.09.26



GOA Pacific cod 
17.09.25 vs 17.09.26



GOA Pacific cod 
17.09.25 vs 17.09.26 Results



GOA Pacific cod 
Longline survey catchability

• Fit with 10 cm CFSR temperature index
Model AIC ΔAIC li wi

Evidence 
Ratio

x=Y 636.5 23.65 7.32E-06 0.000001 182,167.54

x=Y+Y2 623.65 10.8 0.0045 0.000565 295.21

x=Y+Y2+Y3 622.78 9.93 0.0070 0.001163 143.31

x=Y+Y2+Y3+Y4 617.32 4.47 0.1070 0.017832 9.35

x=Y+Y2+Y3+Y4+Y5 619.31 6.46 0.0396 0.006593 25.28

x=Y+Y2+Y3+Y4+I 613.75 0.90 0.6376 0.106271 1.57

x=Y+Y2+Y3+Y4+I+I2 612.85 0 1.0000 0.166667 1.00

x=Y+Y2+Y3+Y4+I+I2+I3 613.30 0.45 0.8004 0.133406 1.25

http://psesv.psmfc.org:4949/PSESV-1/


GOA Pacific cod 
17.09.26 vs 17.09.31



GOA Pacific cod 
17.09.26 vs 17.09.31

Model 17.09.26                                   Model17.09.31 Model 17.09.26                                   Model17.09.31



GOA Pacific cod 
17.09.26 vs 17.09.31



GOA Pacific cod 
New trawl and longline fishery selectivity block 
2005-2006



GOA Pacific cod 
17.09.31 vs 17.09.35

Model17.09.31                                                                Model17.09.35



GOA Pacific cod 
17.09.31 vs 17.09.35



GOA Pacific cod 
17.09.31 vs 17.09.35



↓ ↑

↓ 
↑ < 3 LL)

• Worse fit to fishery composition  (small ↓ 
EffN for all fisheries)

GOA Pacific cod 
Francis T.A18 weighting 
17.09.35 vs 17.09.36 



GOA Pacific cod 
Model selection - Tuning



GOA Pacific cod 
Model selection  - Retrospective analysis

Model 17.09.26Model 17.09.35



• Mid-way between Francis tuning and McAllister and Ianelli methods
• Acceptable retrospective pattern 
• Biomass dynamics consistent with published history (Anderson and 

Piatt, 1999)

GOA Pacific cod 
Model selection – Model17.09.35



GOA Pacific cod 
Model 17.09.35 Selectivities



GOA Pacific cod 
Model 17.09.35 Composition fit



GOA Pacific cod 
Model 17.09.35 Age composition and 
conditional length at age 



GOA Pacific cod 
Model 17.09.35 Index Fits



GOA Pacific cod 
Model 17.09.35 Recruitment



GOA Pacific cod 
Model 17.09.35 Fishing mortality



GOA Pacific cod 
Model 17.09.35 Total biomass



GOA Pacific cod 
Model 17.09.35 Spawning biomass



GOA Pacific cod 
Model 17.09.35 Projections



GOA Pacific cod 
Model 17.09.35 Projections



GOA Pacific cod 
Model 17.09.35 Projections



GOA Pacific cod 
Model 17.09.35 Status



Authors’ recommended Model 17.09.35 GOA Pacific cod 
Status Quantity

As estimated or specified 
last year for:

As estimated or specified 
this year for:

2017 2018 2018 *2019
M (natural mortality rate) 0.47 0.47 0.49 0.49
Tier 3a 3a 3b 3b
Projected total (age 0+) biomass (t) 426,384 428,885 170,565 198,942
Female spawning biomass (t)

Projected 91,198 98,479 36,209 34,424

B100% 196,776 196,776 168,583 168,583
B40% 78,711 78,711 67,433 67,433
B35% 68,872 68,872 59,004 59,004

FOFL 0.652 0.652 0.42 0.40
maxFABC 0.530 0.530 0.34 0.32
FABC 0.530 0.530 0.31 0.31
OFL (t) 105,378 94,188 23,565 21,412
maxABC (t) 88,342 79,272 19,401 17,634
ABC (t) 88,342 79,272 18,000 17,000

Status
As determined this year for:

2015 2016 2016 2017
Overfishing no n/a No n/a
Overfished n/a no n/a No
Approaching overfished n/a no n/a No

Western Central Eastern Total

Random effects area apportionment (percent) 44.9 45.1 10.0 100.00

2018 ABC 8,082 8118 1,800 18,000
2019 ABC 7,633 7,667 1,700 17,000



GOA Pacific cod 
Future outlook

R2 =0.50

Predicted 2017
2017 density with ave. temp.



GOA Pacific cod 
Future outlook

↑)



GOA Pacific cod 
Model 17.09.37 – Exploratory dynamic M



GOA Pacific cod  
Model 17.09.35 with IPHC survey



GOA Pacific cod 
Model 17.09.35 and M


	Gulf of Alaska �Pacific cod
	GOA Pacific cod �Status
	GOA Pacific cod�2017 Bottom trawl survey
	GOA Pacific cod
Bottom trawl survey
	GOA Pacific cod
AFSC longline  survey
	GOA Pacific cod
Other surveys
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Anomalously warm waters 2014-2016
	Anomalously warm waters 2014-2016
	GOA Pacific cod
The Blob
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	GOA Pacific cod �Fishery selectivity variable 1977-1989 �and 2015-2016 block on natural mortality
	GOA Pacific cod �Fishery selectivity 1977-1989 �and 2015-2016 block on M
	GOA Pacific cod �Fishery selectivity 1977-1989 �and 2015-2016 block on M
	GOA Pacific cod �17.09.25 vs 17.09.26
	GOA Pacific cod �17.09.25 vs 17.09.26
	GOA Pacific cod �17.09.25 vs 17.09.26
	GOA Pacific cod �17.09.25 vs 17.09.26
	GOA Pacific cod �17.09.25 vs 17.09.26 Results
	GOA Pacific cod �Longline survey catchability
	GOA Pacific cod �17.09.26 vs 17.09.31
	GOA Pacific cod �17.09.26 vs 17.09.31
	GOA Pacific cod �17.09.26 vs 17.09.31
	Slide Number 51
	GOA Pacific cod �17.09.31 vs 17.09.35
	GOA Pacific cod �17.09.31 vs 17.09.35
	GOA Pacific cod �17.09.31 vs 17.09.35
	Slide Number 55
	Slide Number 56
	GOA Pacific cod �Model selection  - Retrospective analysis
	Slide Number 58
	GOA Pacific cod �Model 17.09.35 Selectivities
	GOA Pacific cod �Model 17.09.35 Composition fit
	GOA Pacific cod �Model 17.09.35 Age composition and conditional length at age 
	GOA Pacific cod �Model 17.09.35 Index Fits
	GOA Pacific cod �Model 17.09.35 Recruitment
	GOA Pacific cod �Model 17.09.35 Fishing mortality
	GOA Pacific cod �Model 17.09.35 Total biomass
	GOA Pacific cod �Model 17.09.35 Spawning biomass
	GOA Pacific cod �Model 17.09.35 Projections
	GOA Pacific cod �Model 17.09.35 Projections
	GOA Pacific cod �Model 17.09.35 Projections
	GOA Pacific cod �Model 17.09.35 Status
	GOA Pacific cod �Status
	GOA Pacific cod �Future outlook
	GOA Pacific cod �Future outlook
	GOA Pacific cod �Model 17.09.37 – Exploratory dynamic M
	GOA Pacific cod  �Model 17.09.35 with IPHC survey
	GOA Pacific cod �Model 17.09.35 and M

