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Background

Photo: Ian Taylor at Town & Country Market Shoreline
Photo: anonymous NWFSC staff on WCGBT Survey
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● Stock was declared overfished in 2009
● Declared rebuilt in 2015 (reference points also changed)

Background: assessment history
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● Stock was declared overfished in 2009
● Declared rebuilt in 2015 (reference points also changed)
● Frequent assessments during rebuilding period 
● Assessment last updated in 2019
● Full assessment in 2023 will be the first since 2013

Background: assessment history



Data
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History of stock exploitation

• Started in California in the late 1800s;

• Extended north, to Oregon and Washington starting in the 1930s;  

• Early concerns about stock depletion in the 1950s;

• Targeting of winter spawning aggregations developed through the 1950s and 1960s.

Photo credit: NOAA Central 
Library Historical Fisheries
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Data sources used in 2019 assessment

Coastwide 
catches

Northern 
(OR-WA)

Summer Winter

Southern 
(CA)

Summer Winter
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Landings by state: California

• 1916-1930: CDFG Fish Bulletins;

• 1931-1968: Ralston et al (2010); 
plus OR-WA catches landed in CA; 
1969-1980: CalCOM;

• 1981-2022: PacFIN.
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Landings by state: Oregon

• 1896-1986: Karnowski et al (2014); 

• 1987-2022: PacFIN.
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Landings by state: Washington

• 1930-1947: linear interpolation;

• 1948-1979: WDFW; 

• 1981-2022: PacFIN.

Sources for previous landings 
history not fully understood. 

WDFW has double-checked the 
updated time series.
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Coastwide landings
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Discard fraction is low

Pikitch WCGOP

Pikitch WCGOP

WCGOP

WCGOP
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Fishery length compositions Fishery age compositions
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Fishery-independent data

Included in the assessment:

• WCGBTS (2003-present)

• AFSC triennial shelf survey (1980-2004)

Evaluated but not included, due to limited amount of data:

• NWFSC slope survey (1999-2002)

• AFSC slope survey (1997, 1999-2001)
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WCGBT Survey index
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WCGBTS lengths WCGBTS ages
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AFSC triennial shelf survey
2013 and 2019 assessments: treated as two separate indices

• to account for change in survey timing and depth coverage in 1995.

2023 assessment: plan to use as a single index, 

• with offset on catchability and selectivity for ≥1995.
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Biological parameters
Natural mortality

• Hamel prior to be slightly revised based on Hamel and 
Cope (2022) (will use max age for females=32 years and 
for males=29 years )

• Female and male M expected to be independently 
estimated in the model

Growth – fully estimated in the model

Fecundity – updated

Maturity -updated
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Biological parameters: maturity
● Previous assessment used Hannah et al. (2002) maturity estimates.

● “Due to limited data, new studies on the maturity at length or age for petrale 
sole would be beneficial.” (2019 petrale update)

● New maturity ogive from Melissa Head based on 583 samples collected in 
2015-2021 by ODFW, WDFW and NMFS

● Length at 50% maturity 
estimated at 35.5 cm

● Similar to 33.1 cm estimated 
by (Hannah et al. 2002)
(based on samples from a 
narrower geographic range)



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 21

Biological parameters: fecundity
● Estimate of fecundity at size used in 2019 update as a 

sensitivity analysis
● Expected to be included in the 2023 assessment



Modeling 
considerations
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Exploring impact of changes to model structure
● Too many parameters can result in less robust estimates 

(304 estimated parameters in 2019 update) 
● Including conflicting data in an assessment model typically 

reduces uncertainty  rather than increases it
● More parsimonious models are easier to keep up to date
● Model run time is about 30 minutes to estimate all the 

parameters and their uncertainty—faster runs allow more 
models to be explored



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 24

● CPUE index for years starting in 1987 first used for petrale in 
1999 assessment

● Index later updated and extended to cover period 1987–2009 
(overfishing declaration impacted CPUE)

● CPUE increased significantly in 2004 at the same time as the 
vessel buyback

● CPUE is modeled as non-linearly related to abundance due to 
concerns about hyperstability when fishing on spawning 
aggregations

Modeling issue 1: fishery catch-per-unit-effort
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 Modeling issue 1: fishery catch-per-unit-effort
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Modeling issue 1: fishery catch per unit effort
● Almost zero influence on 

2019 update assessment
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Modeling issue 1: fishery catch per unit effort
● Lack of influence of fishery CPUE 

is good news 
● Indicates survey data provides the 

information we need to monitor 
changes in abundance:
○ long enough, including a period of 

increasing abundance
○ changes in survey index are consistent 

with signals from length and age data 

● Proposal: CPUE can be removed 
from the assessment

● Can be included in sensitivity 
analysis

From 2019 update assessment
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Modeling issue 2: seasonal structure
“Because of the marked seasonality in the landings of petrale 
sole, and because biological samples from the commercial 
fishery indicate considerable seasonal changes in the size and 
age composition (e.g., Fig. 3), with larger and older fish taken on 
the spawning grounds, in the assessment model the landings 
data were separated into two time periods, a winter season 
(November-February) and a summer season (March-October).” 

-1999 petrale assessment
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Modeling issue 2: seasonal structure
● CPUE trends were different in 

winter vs summer
● Only winter CPUE included in 

assessment models
● CPUE for fishing on spawning 

aggregations presumed to be 
more representative of the 
population size

● If CPUE index no longer 
included in the model, it 
doesn’t impact choice of 
seasonal structure

Slide from Haltuch et al. “Reconciling uncertain and conflicting trends in 
petrale sole abundance” (presentation at 2010 NMFS NSAW meeting)
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Modeling issue 2: seasonal structure
Patterns of winter having more landings from deeper water 
has continued in recent years
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Seasonal structure investigation: 
impact of separate selectivity
● Separate selectivity 

parameters for Summer and 
Winter fisheries in North 
and South

● Mirroring selectivity 
requires 22 fewer 
parameters

separate selectivity

summer and winter mirrored
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Seasonal structure investigation 2: 
impact of separate selectivity
● Separate selectivity 

parameters for Summer and 
Winter fisheries in North 
and South

● Mirroring selectivity 
requires 22 fewer 
parameters

● Mirroring selectivity has 
negligible impact
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Plan for seasonal structure in 2023 assessment
● We are planning to develop seasonal and annual model in 

parallel to compare the impact of aggregating all samples to 
the annual level and adding more recent data to both 
models

● If results are similar, we are likely to propose the annual 
model as the basis for management with the seasonal 
model as a sensitivity analysis

● If results differ significantly (seasonal vs annual), that will 
be useful information to explore more deeply

● Model that isn’t chosen will be sensitivity analysis
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Modeling issue 3: sex-specific selectivity
● More males than females in small age and size bins
● Sex-specific selectivity required to get

reasonable fit to length comps
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Modeling issue 3: sex-specific selectivity
● Many other flatfish have environmental sex determination
● Stock Synthesis includes option to estimate sex ratio of recruits
● Sex-specific selectivity may still be appropriate–we will investigate
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Modeling issue 4: environmental recruitment index
● Published in 2019
● Environmental driver of recruitment 

estimated from oceanographic data 
covering the period 1981–2010

● “Four oceanographic variables explained 
73% of the variation in recruitment not 
accounted for by estimates based 
exclusively on the spawning stock size.”

● Nick Tolimieri is in the process of 
extending index to recent years

● We are hoping to include this in the 2023 
assessment



Additional activities
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Collaboration with Canadian scientists
● An assessment is being conducted for Petrale Sole in 

Canadian waters in 2023
○ First since 2009
○ Led by Mackenzie Mazur and Kendra Holt at DFO

● Planned collaborations in 2023 include:
○ Comparison of index trends on both sides of the border
○ Comparison of length comps, especially from the Triennial in years that 

include BC waters
○ Comparison of estimated recruitment time-series
○ Sensitivity analysis to including catch and possibly comps and/or index 

from Canada as an additional fleet in the U.S. assessment and maybe the 
opposite in the Canadian assessment

● Petrale is a transboundary stock 
○ The most recent STAR panel (2013) recommended including more 

information about the petrale fishery in Canada in future assessment 
reports
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Questions, comments, concerns?

Large petrale catch from 15 minute tow in 2021 WCGBT Survey, photos by John Buchanan


