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Summary of previous 
assessments



Summary of 2013 Stock Assessment (Cope et 
al. 2015)

• No category 1 or 2 assessments prior to 2013

• 2013: Data-moderate stock assessment, with 
Extended Simple Stock Synthesis (exSSS) applied 
to removal and index data (no length or age 
data)

• Hessian NOT POSITIVE DEFINITE; uncertainty 
instead estimated using AIS (adaptive importance 
sampling)

• Surveys: Two triennial survey time series (1980-
1994, 1995-2004) and one annual survey time 
series (2003-2012)

• Fishery: One coastwide fleet

• Stock assessed to be at 80% of virgin biomass
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Data Overview



Data Overview

• Biological data
• Survey Indices
• Landings
• Discards
• Length compositions from 

fishery and surveys
• Conditional age-at-length 

from WCGBTS

Fishery (current)
Fishery (historical)

Early Triennial
Late Triennial
WCGBTS
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Data Overview  - Growth updated

• Newly available length-at-age 
data from WCGBTS 

• West Coast fish smaller than 
fish in Gulf of Alaska (GOA) 
(GOA parameters used in 2013)

• 2023: Growth internally 
estimated using CAAL data 
(externally estimated growth 
curves were not used due to 
likely bias originating from 
selective aging of smallest and 
largest fish)



Data Overview - Maturity updated

• Fixed 

• Females mature at smaller 
size on West Coast
● Hosie and Horton (1977)
● L50% = 24 cm
● 453 females
● Oregon
● 1969-1973
● macroscopic maturity and no 

statistical fit to the data

• Assumed same slope as 
GOA fish (Abookire 2006) 



Data Overview - Fecundity updated
• Fixed
• 2013 assessment: spawning 

biomass assumed equivalent to 
spawning output

• Added fecundity-at-length
● hyper-allometric relationship  meaning 

larger females produce  more eggs per 
kg of body weight

● Hosie and Horton (1977)
● 13 females

• Similar to other flatfish
● Petrale Sole (Lefebvre et al. 2019)
● b = 4.55 (95% CI: 3.97-5.13, n = 70)



Data Overview - Natural Mortality
• 2013: internally estimated M = 0.199

• 2023: Fixed at the median of a prior based on 
longevity (Hamel 2015, Hamel and Cope 2022)

● Equation for the prior: M = 5.40/ Agemax,              
where Agemax= 29 years

• 2023 assessment fixed M = 0.186                                             
(median of the prior ; SD = 0.31 in logspace)



Landings Updated
● Unchanged Data from 2013 Assessment

○ CA Comm Recon (1931-1968)
○ CALCOM (1969-1980)
○ CDFG Bulletin (1916-1930)

● Updated Data
○ OR Comm Recon (1929-1987)
○ PacFIN (1981-2022)
○ NORPAC Hake (1990-2022)

● New Data
○ WA Comm Recon (1948-1980)

● Removed Data
○ WA PMFC (1956-1976)



Fleet structure split

● Coastwide
● Recreational

○ Negligible (no update)
● Single Gear Fleet

○ >98% Trawl (no update)
●  Fleet Structure

○ Historical and current
○ Motivated by discard data



New Discard Data
● 2013: Discards were added to landings within the only fishery 

fleet with time-varying discard rate assumption
● 2023: Motivation for separating discards in current fleet:

a. 20-30% of caught Rex Sole gets discarded
b. Discarded fish are smaller than retained fish
c. Source of length composition data
d. Lack of data in historical fleet

● Data sources:
a. West Coast Groundfish Observer Program (WCGOP, 

2002-2021): % ratios, length-frequency, average weight



sdmTMB indices of abundance

• Spatio-temporal delta model - sdmTMB
• WCGBTS (2003-2022)
• Triennial (1980-2005)

● Calculated as single time series across early and late 
periods

● Split into 2 survey fleets to account for different 
selectivities



• WCGBTS & Triennial
• Length bins 2-60cm, 2cm increments
• Males & females; 0.3% unsexed
• Split Triennial 

between early & 
late periods to 
account for 
increase in depth 
for late

New survey length compositions



New fishery length c ompositions

• Data for 2002 - 2022
• 2 cm length bins from 

2-60 cm
• Unsexed represent 

3% of data



2023 Proposed 
Base Model



Model Changes from the Last Assessment
1. Updating biological parameters (fecundity, maturity, length-weight) 
2. Internally estimating growth parameters
3. Including length composition data
4. Including CAAL data
5. Two-fleet structure (historical 1916-2001 vs. current 2002-2022)
6. Including mean body weight of discarded fish for current fishery
7. Estimating discard rates for current fishery
8. Sex-specific fishery selectivity (male selectivity as offset from female) 
9. Dropping WCGBTS extra standard deviation 
10. Fixing steepness of stock-recruit relationship 
11. Estimating recruitment deviations
12. Fixing natural mortality (𝑀𝑀)
13. Data weighting
14. Block design for current fishery retention



Model Results



Population trajectory

• 76% of unfished in 2023



Recruitment Deviations



Total mortality and fishing intensity



Summary of reference points and 
management quantities



Decision Table
• Female natural 

mortality used as axis 
of uncertainty

• Projections start in 
2025



Model evaluation and 
diagnostics



Estimated selectivity curves

Triennial Early (f)
Triennial Early (m)
Triennial Late (f)
Triennial Late (m)
WCGBTS (f)
WCGBTS (m) 

● Sex-specific 
selectivity improved 
fit

● All fleets fixed to 
have asymptotic 
selectivity

● Historical fishery 
selectivity fixed to 
mirror current 
fishery selectivity



Fit to survey length compositions

Triennial (early & late) WCGBTS



Fit to length compositions - Fishery



Fit to WCGBTS CAAL

● N = 620 ages across 
all years

● Poor fits in earlier years 
with low sample sizes

● 2017, 2018, 2019 
have better fit (>85 
samples)

● Francis weight = 1.6



Fit to discard data



OK fit to indices of abundance
Triennial (early & late) WCGBTS



Diagnostics: 
Retrospectives, 
likelihood profiles



Patterns in retrospective analysis 
emerge when age data is removed

● Last year of age data = 2019



Likelihood Profiles: M, h, R0, Q
• Steepness (h) and natural mortality (M) fixed

● MLE value of female M is considerably lower than prior 
median (which M is fixed at in the base model). MLE value 
of female M considered implausible based on longevity

● likelihood surface for h is quite flat in the range of 0.6-0.9; 
fixed value at 0.7

• R0 and WCGBTS Q at MLE value
• Across range of values for h, R0, and Q, stock status is above 

management target; for M, stock status is above management 
target for all values except lowest values



Likelihood Profile: M



Likelihood Profile: steepness



Likelihood Profile: R0



Likelihood Profile: WCGBTS Q



Scenario Outcome

Selectivity and catchability 1. Fixing Q at prior mean in AFSC 
Rex Sole assessment

2. Dome-shaped fishery selectivity

Stock status sensitive to different Q 
values, not sensitive to dome-shaped 
fishery selectivity

Biology from 2013 assessment 1. Weight-length relationship
2. Fecundity and maturity
3. Growth
4. Estimate M for males and females
5. Estimate M for males only

Model unstable with old growth 
assumptions. Old fecundity/maturity 
produced lower stock status. Estimating 
M led to small differences in status and 
scale. Not sensitive to other scenarios.

Data weighting 1. Tuning sample sizes with Dirichlet-
Multinomial method

2. Tuning sample sizes with 
McAllister-Ianelli method

3. Adding extra SD to WCGBTS 
index

Not sensitive to Dirichlet-Multinomial 
weighting or extra SD for WCGBTS.

McAllister-Ianelli weighting produced 
higher stock status, but model did not 
converge.

Stock-recruit relationship 1. Estimate steepness Slightly higher stock status

Historical Discards 1. Increase (50%) in historical discard 
rate

2. Decrease (50%) in historical 
discard rate

Not sensitive

Sensitivity Analyses



Major uncertainties: 
Natural mortality (M), 
growth, and WCGBTS 
catchability (Q)



Natural mortality
• M poorly informed by 

available data
• Chosen as axis of 

uncertainty for 
decision table



Growth
• Externally estimated 

growth curves deemed to 
be unreliable due to bias 
introduced by length-
stratified sampling

• Internally estimated growth 
curves, but based on a 
very limited amount of age 
data



WCGBTS catchability
• Value in base model 

(analytically solved for): 
3.97

• Q significantly affects stock 
status and scale; however, 
lower values of Q would 
result in higher stock 
status and scale

Note that this is profiling over lnQ



WCGBTS Q - herding response to gear
• Bryan et al. (2014): Q 

for flatfish expected to 
be between 1 and 3 
for WCGBTS, given 
observed herding 
behavior and ratio of 
door spread (39.5 m) 
to wing spread (12.9 
m)

• Value in base model: 
3.97



Conclusions and Research Needs
Research and Data Needs

• More age data to inform growth and longevity along with estimates of aging error

• Understanding catchability for WCGBTS

• Updated biological information for West Coast Rex Sole (maturity, fecundity)

Conclusions

• 2023 model is structurally different from 2013 model, due to inclusion of multiple new data 
sources

• Despite considerable uncertainty, no conservation concern for the stock



Extra Slides



Life history
● Distributed from Baja California to the 

Aleutian Islands
● Found commonly up to 500 m, range 

down to more than 1100 m
● Medium sized (up to 61 cm), moderately 

long-lived (up to 29 years)
● Muddy sandy bottom
● Diet of benthic infaunal and epifaunal 

invertebrates
● Consumed by other flatfish, rockfish, 

salmon, sharks, skates
● Peak spawning from March - April



Stock

● Larger in Alaska than on 
the West Coast

● Commercial bottom trawl
● Important commercial 

flatfish in 1950s
● Recent decline in harvest



Bridging v3.24 to v3.30.21



Bridging 2013 to 2023



Residuals - Fit to WCGBTS CAAL



Sensitivity Analyses



Sensitivity Analyses - Biology



Likelihood Profile: Female M



Likelihood Profile: steepness



Likelihood Profile: R0



Likelihood Profile: WCGBTS Q
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