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Southwest Fisheries Science Center Auditorium, NOAA 
110 McAllister Way | Santa Cruz CA 95060 

June 23-27, 2025 

1 - Request 
Explore whether a flexible 2D selectivity parameterization improves model fit to age data from 
the California trawl fleet. Plot the fit to mean age and mean length using this run. Please also 
present Pearson residual plots for each. 

1 - Rationale 
Given the poor fit to mean ages from the mid-1980s to 2000s (~ 10 yr fish) and high selectivity 
of 25-30 cm fish during the same time period, changes in sex-specific selectivity may be having 
an effect. If this run improves the fits to mean age and mean length, it indicates that an 
alternative selectivity parameterization or time block structure may be considered. 

1 - STAT Response 
The pre-STAR base model was modified to use the “2D-AR” length-based selectivity function in 
Stock Synthesis for the California trawl fleet for the years 1978-2024. The standard deviation of 
the selectivity deviations was fixed at 1, and the model was not re-tune to allow for comparison 
of likelihood components. The parameters of the underlying logistic selectivity curve (from which 
deviations are estimated) were estimated as 32.19 cm for the inflection point and 6.57 cm for 
the “95% width” parameter, i.e., the difference between the mean and the 95th percentile of the 
logistic curve. Deviations were estimated for each year and population bin (~1360 parameters, 
Figure 1a). The change to a more flexible selectivity curve did not visibly improve the fit to mean 
age (Figure 1b), and the age composition likelihood component increased from 2002.35 to 
2006.22, suggesting a slight degradation of fit to the age data. The length composition likelihood 
decreased from 569.09 in the pre-STAR base model to 531.01 in the model with a more flexible 
length-based selectivity curve. Given the addition of over 1,300 deviation parameters, an 
improved fit to the length composition data is not surprising. Visually, the change in overall fit to 
the length data is subtle, with noticeable improvement in fit for the years 1978-1983 (Figure 1c). 
Pearson residuals for the conditional age-at-length data showed some reduction in residual size 
for large males (Figures 1d and 1e), but patterns observed in the pre-STAR base model 
persisted. Pearson residuals for the length composition data (Figure 1f) show larger extreme 
deviations when using the 2D selectivity, suggesting that the improvement in fit (decrease in 
likelihood) is spread across multiple length bins and years. Changes in scale for the residual 
plots make visual comparison difficult. We plotted the log10 absolute value of the Pearson 
residuals from each model against each other, and grouped by sex (Figures 1g and 1h). These 
suggest that the improvement in fit using the 2D selectivity is driven by better fits to large males. 
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Figure 1a. Contour plot of deviations from a logistic selectivity curve estimated for the California 
trawl fleet. 
 
 

 
Figure 1b. Comparison of observed mean age (points) with 95% confidence intervals based on 
current samples sizes to model predictions of mean age (blue line) for the California trawl fleet. 
Left panel: pre-STAR base model tuned using Francis weights. Right panel: model with 2D-AR 
selectivity for the trawl fleet, using the same Francis weights as the pre-STAR base model (i.e., 
not re-tuned). 
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Figure 1c. Comparison of observed mean length (points) with 95% confidence intervals based 
on current sample sizes to model predictions of mean length (blue line) for the California trawl 
fleet. Left panels: pre-STAR base model tuned using Francis weights. Right panel: model with 
2D-AR selectivity for the trawl fleet, using the same Francis weights as the pre-STAR base 
model (i.e., not re-tuned). 
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Figure 1d. Pearson residual plots for conditional age-at-length data from the California trawl 
fleet, 1978-2010. Trawl fleet length-based selectivity modeled using the 2D-AR option in Stock 
Synthesis. 
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Figure 1e. Pearson residual plots for conditional age-at-length data from the California trawl 
fleet, 2011-2024. Trawl fleet length-based selectivity modeled using the 2D-AR option in Stock 
Synthesis. 
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Figure 1f. Pearson residual plot for length composition data from the California trawl fleet, 
1978-2024. Trawl fleet length-based selectivity was using time-blocks in the pre-STAR base 
model (top panel), and the 2D-AR option in Stock Synthesis (bottom panel). 
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Figure 1g. Log-scale absolute Pearson residuals from the pre-STAR base model (x-axis), 
compared to the model with a flexible (2D) selectivity curve (y-axis). The 2D selectivity model 
has smaller residuals for males (sex=2), and some larger residuals for unsexed fish (sex=0) and 
females (sex=1). 

Figure 1h. Log-scale absolute Pearson residuals from the pre-STAR base model (x-axis), 
compared to the model with a flexible (2D) selectivity curve (y-axis). The 2D selectivity model 
has smaller residuals for larger males (sex=2), and some larger residuals for very large unsexed 
fish (sex=0) and females (sex=1). 
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1 - Panel Conclusion 
A freely estimated, time-varying selectivity with many deviation parameters (2d) did not improve 
the general fit to the mean age. There was a minor improvement to the fit to mean length. There 
were a few larger residuals with the 2d selectivity, especially for larger males with already large 
residuals in the pre-STAR base model. The 2d selectivity slightly reduced the residuals in 
general for larger males, but they were still large, while the fit worsened slightly for some female 
and unsexed fish. We therefore do not recommend to use the 2d deviation in the new base 
model. 
 

There was some discussion about changes in gear type (e.g., popularization of ‘rockhopper’ 
roller gear) in the mid-1980s and 1990s (see Figure 1a), though there was inadequate 
information at this time to propose specific time blocking to address this. 
 
 
2 - Request 
Run a sensitivity analysis by replacing the dome-shaped selectivity of the commercial fleets that 
showed estimation issues with the descending limb parameter based on the MCMC analysis, 
with asymptotic selectivity. Plot the spawning output, fraction unfished, and recruitment 
deviations, and compare estimates with the pre-STAR base model.  
 
2 - Rationale 
The parameters for the descending limb were not well-defined based on the MCMC analysis. 
Using an asymptotic selectivity will also simplify the model. If overall fits and population 
predictions do not change with asymptotic selectivity, that would support a more parsimonious 
model. 
 
2 - STAT Response 
By analysis of MCMC diagnostics of the pre-STAR base model the descending scale parameter 
of the double normal (DN) domes shaped selectivities in the NoCA_HKL, SoCA_HK, CA_TWL, 
CA_NET, and NoCA_OR_WA_Rec fleets appeared to have improper posteriors. Each of these 
fleets were given asymptotic sigmoidal selectivity by fixing the final selectivity of the DN to 
inv.logit(10)=0.9999546 and fixing the descending scale to produce a two parameter sigmoid 
with the free parameters being the location the DN peak and the DN ascending scale. Time 
blocks in the model were preserved, allowing for changes in the ‘peak’ and ‘ascending scale’ 
parameters. Separate model runs were constructed to fit asymptotic selectivities for each of the 
fleets separately and a final model is shown fitting all of the above fleets jointly with asymptotic 
selectivities. 
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Figure 2a. Comparisons of the spawning output 
and fraction unfinished are almost indistinguishable between the various selectivities in the 
models run.  
 

 
Figure 2b. Recruitment deviations of the compared models are largely indistinguishable as well. 
The only model to show even slight differences in recruitment deviations is the model with only 
asymptotic selectivity in the CA_NET fleet (and only in a minority of years).  
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Table 2a. Negative log-likelihood values for each of the fit models. Likelihood components are 
in the rows.  
 
Label NoDome:  

All 
NoDome: 
CA_NET 

NoDome: 
SoCA_HKL 

NoDome: 
CA_TWL 

NoDome: 
NoCA_OR_WA_Rec 

NoDome: 
NoCA_HKL 

pre-STAR 
base 

N.Parms 109 113 113 113 113 113 114 

TOTAL 2624.18 2626.11 2621.95 2622.39 2620.82 2620.51 2620.26 

Survey 24.2567 24.1734 24.5525 24.3505 24.4258 24.4998 24.5754 

Length_comp 570.567 571.97 570.691 569.718 568.723 568.564 569.086 

Age_comp 2004.83 2006.28 2002.38 2003.88 2003.37 2003.19 2002.35 

Recruitment 24.4337 23.5844 24.2486 24.3614 24.2309 24.1945 24.1847 

 

While most models are almost identical, the CA_NET only model shows the biggest increase in 
negative log-likelihood (NLL). The model with all asymptotic selectivity has four NLL points 
greater than the pre-STAR base model but it also saves four parameters and therefore seems 
to be a parsimonious option that doesn’t substantively change results as compared with the pre-
STAR base model. The weak identifiability of the dome shape selectives of the pre-STAR base 
model likely indicates that there is little to no information in the data to inform the descending 
scale parameters of the dome shaped selectivities.  
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Figure 2c. Fits to pre-STAR base model dome selectivities (top) as compared with the fit 
asymptotic selectivities (bottom).  
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Figure 2d. Above shows the slowest converging parameters from the MCMC diagnostics for the 
pre-STAR base model (left) and the all asymptotic selectivity model (right). While convergence 
is not perfect, the asymptotic selectivities largely remove the improper posteriors that were 
present in the pre-STAR base model.  
 
2 - Panel Conclusion 
The new base model should update selectivity from dome-shaped to asymptotic for all 
commercial fleets, except for the southern California recreational and trawl discard fleets in 
defining a new base model. This is supported by a more parsimonious model showing an 
insignificant increase in the likelihood (approximately 4 units of likelihood resulting from a 
reduction of 5 parameters). 
 
 
3 - Request 
Re-compute the WCGBTS index by including the depth effect (WCGBTS_depth). Compare the 
time series estimate between the current index and the WCGBTS_depth in a single plot 
including confidence intervals. 
 
3 - Rationale 
Depth is an important habitat variable for rockfish species. Although the spatial model can 
capture much of the depth effects (via anisotropy and spatial field), previous work (Johnson et 
al. 2019) has shown that it may be beneficial to include.  
 
3 - STAT Response 
[Chantel & Eric] 
 
3 - Panel Conclusion 
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The Panel greatly appreciated being able to see the WCGBTS index with and without a depth 
effect. The discussion about responses to Request 3 resulted in a new request (see Request 
12). 
 
 
4 - Request 
Calculate the average of the main period recruitment deviations in the pre-STAR base model. 
Present results from a run with the constraint for the recruitment deviations to sum to zero. 
Provide a table showing the parameters for these two runs along with the sensitivity with 
recruitment deviations fixed at zero (3 runs). Please include reference points. Plot dynamic B0 

for these three runs. 
 
4 - Rationale 
The constraint to sum recruitment deviations to zero ensures that the reference points are 
consistent with the assumptions of the model. Without that constraint, the reference points 
implied by the main recruitment period may differ considerably from the reported reference 
points. This request will provide insight into the magnitude of this potential discrepancy. 
 
4 - STAT Response 
The average of the main period recruitment deviations (1968-2024) in the pre-STAR base 
model is -0.24498. This model was modified by setting the “Do Recruitment Deviations” option 
to “Deviation Vector” (option 1) that imposes a sum-to-zero constraint on the recruitment 
deviations. An initial run was completed without ‘tuning’ the model so likelihood components 
could be compared directly to the pre-STAR base model. A subsequent model run adjusted the 
bias ramp and tuned the Francis weights using the same methods applied to the pre-STAR 
base model. Finally, a model run using the pre-STAR base model (with triennial ages added) 
and no recruitment deviations was run without tuning. 
 

Compared to the pre-STAR base model, models with a sum-to-zero constraint on recruitment 
deviations have a lower estimate of unfished spawning output, and a similar end-year estimate 
of spawning output. Therefore, relative spawning output is higher (less depleted relative to 
unfished levels) in the models with the sum-to-zero constraint (Figure 4a). Recruitment 
deviations without a sum-to-zero constraint have a negative offset relative to the constrained 
deviations, resulting in a higher estimate of unfished equilibrium recruitment (R0). Estimates of 
long-term sustainable yield from the pre-STAR base model are around 2500 mt, whereas 
estimates from models with a sum-to-zero constraint are around 2000 mt (similar to the previous 
assessment, which also used a sum-to-zero constraint). Likelihood components, estimated 
parameter values, and derived quantities from the four models are provided in Table 4a. 
Estimates of natural mortality are lower for females, and higher for males, in the models with a 
sum-to-zero constraint. All models assume steepness = 0.72.  
 

Both models with sum-to-zero constraints, as well as the pre-STAR base model, include a bias 
adjustment following the methods of Methot and Taylor (2011). Methot and Taylor estimated 
deviations in that paper using a sum-to-zero constraint, so it is unclear to the STAT whether the 
Methot and Taylor bias adjustment is appropriate for the pre-STAR base model and other 
models fit using maximum likelihood that do not impose a sum-to-zero constraint. Posterior 
distributions for the logarithm of R0, based on the diagnostic MCMC runs that did not use a 
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sum-to-zero constraint, suggest a value between 10 and 11, with a mode near 10.3 (Figure 4c). 
The log(R0) value estimated by the pre-STAR base model, without a sum-to-zero constraint and 
with a bias correction, is 10.24. The logR0 values estimated by models with a sum-to-zero 
constraint are slightly below 10 (Table 4a). 

 

 
Figure 4a. Comparison of time series of spawning output (trillions of eggs; upper panel) and 
relative spawning output (lower panel) for models with and without recruitment deviations, and 
with and without a sum-to-zero constraint imposed on the recruitment deviations. 

DRAFT



Stock Assessment Review (STAR) Panel for Chilipepper Rockfish 
 

15 

 

 
Figure 4b. Comparison of time series of recruitment (upper panel) and deviations from the 
spawner-recruit curve (lower panel) for models with and without a sum-to-zero constraint 
imposed on the recruitment deviations. 
 
 
 
Table 4a. Comparison of likelihood components, parameter estimates, and derived quantities 
from models with and without recruitment deviations, as well as unconstrained or ‘sum-to-zero’ 
recruitment deviations. 
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Figure 4c. Posterior distributions for unfished equilibrium recruitment from diagnostic MCMC 
runs. Recruitment deviations were not constrained to sum to zero in either run. 
 
4 - Panel Conclusion 
The Panel and STAT discussed this at length without coming to a conclusion. Therefore, a new 
request was made to further investigate this (see Request 13). The Panel agreed that 
estimation of the requested dynamic B0 was no longer required. 

 
 

5 - Request 
Replot fits to the CalCOFI index (absolute) without confidence intervals. 
 
5 - Rationale 
This will enable additional scope for interpretation of the model fit to the time series. Including 
the confidence intervals compresses the y-axis. 
 
5 - STAT Response 
The requested figure without confidence intervals (Figure 5a) is shown below.  
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Figure 5a. Observed CalCOFI index of spawning output (blue points) and pre-STAR base 
model fit to the index (orange points and interpolated line). 
 
5 - Panel Conclusion 
This plot clarifies the fit of the model to this index and sufficiently fulfills the request. 
 
 
6 - Request 
Run an additional sensitivity replacing the CalCOFI index with the Southern CaCOFI index but 
without the early (1950s) estimates. Please plot fits without confidence intervals. Investigate 
why the terminal years in the coastwide index are increasing while the separate indices are 
decreasing. 
 
6 - Rationale 
To inform on why removing the whole area CalCOFI index results in an increase in stock status 
and why adding central and southern CalCOFI separately results in a decrease, when covering 
different time periods. 
 
6 - STAT Response 
The odd terminal year discrepancies were an error! The STAT inadvertently used the short 
southern index rather than the central in the sensitivity runs. The corrected runs and additional 
runs are shown and results are now a bit more intuitive. The requested runs and graphs were 
provided. With the correct data, the run with central only is more optimistic than the base model 
(all data, but only years with data from both regions), and the south only model is more 
pessimistic. The “Short south” model is slightly more pessimistic than the southern model with 
all data (makes sense as the “Long south” model would scale down unfished biomass). The 
data with all years (all data, regions) is still nearly identical to the base model.  
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Figure 6a. Spawning output (left) and depletion (right) estimates for current base model, model 
using CalCOFI central, south, “short” south (starting in 1960) and all years time series. With the 
correct data, the run with central only is more optimistic than the base model, while the south 
only model is more pessimistic. The model with the “short” south index is slightly more 
pessimistic than the model with the entire southern index, consistent with the indication of lower 
spawning output in the south during the 1950s. The data with all years (all data, regions) is still 
nearly identical to the base model.  
 

 
 

Figure 6b. Model fits (lines) to CalCOFI indices in the four sensitivity models (base model, and 
models including CalCOFI central, south, and “short” south indices, as above), plotted in 
arithmetic scale without error bars.  
 
6 - Panel Conclusion 
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The odd terminal year discrepancies are now gone and the Panel has no longer any issues with 
this request. The influence of the different regional components of the CalCOFI indices (overall, 
southern, central) on the model outcomes are more understandable. 
 
 
7 - Request 
Run an additional sensitivity estimating the additional variance for the WCGBT survey as well.  
 
7 - Rationale 
Although there is some justification for estimating additional variance for the CalCOFI index, the 
justification of not estimating additional variance on the WCGBT survey is missing (high, early 
index points; high q). 
 
7 - STAT Response 
When estimating an added variance (“extraSD”) parameter for the WCGBTS, the estimate was 
0.145, slightly reducing the influence of the trawl survey index. The change had little effect on 
the time series of spawning biomass, but resulted in a slightly poorer fit to the early years of the 
index (Figure 7a). The STAT would prefer not to downweight the index, and instead search for 
alternative model configurations that improve the fit. 
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Figure 7a. Comparison of the pre-STAR base model to a model with additional variance 
estimated for the WCGBTS. Time series of spawning output (upper left), relative spawning 
output (upper right), recruitment deviations (lower left), and fit to the WCGBTS (lower right). 
 
7 - Panel Conclusion 
The STAT should explore the depth effect in the WGCBTS index (see Request 3) before 
making a conclusion about adding variance (prior to COB on 6/26; see Request 12). The Panel 
agreed that estimation of the requested lnQ was no longer required. 
 
 
8 - Request 
Provide two runs with all length composition data and age composition data down-weighted by a 
factor of 2 and 10 using the input sample multiplier (from the final Francis tuned multipliers). 
Present length and age Pearson residual plots for the Commercial CA trawl fleet and the fits to 
all fishery-independent indices compared to the pre-STAR base model. 
 
8 - Rationale 
It is possible that the composition data are over-weighted.  
 
 
8 - STAT Response 
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Two models were run, with Francis weights from the pre-STAR base model divided by 2 and 10 
(Table 8a). Downweighting the composition data resulted in a more depleted population and 
less variable recruitment deviations (Figure 8). 
 
Table 8a. Francis weights from the pre-STAR base model, a model with the weights cut in half, 
and a model with weights equal to one-tenth the pre-STAR Panel values. 
 

 
 

DRAFT



Stock Assessment Review (STAR) Panel for Chilipepper Rockfish 
 

23 

 

 
Figure 8. Comparison of time series of spawning output, relative spawning output, and recruitment 
deviations for the pre-STAR base and models with Francis weights equal to 1/2 and 1/10th the value in 
the pre-STAR base (i.e. composition data downweighted). 
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8 - Panel Conclusion 
Downweighting the length data seems to decrease recruitment deviations (Figure 8, bottom 
panel). The downweighting also allows the other data to change the population trajectory and 
stock status (Figure 8 top two panels), which suggests that there may be some limited over-
weighting of the composition data in the model. The STAT did not have time to show the 
Pearson residuals and fits to the fishery-independent indices and the Panel acknowledges there 
are more important requests to be tackled first. 
 
 
9 - Request 
Present length-fecundity relationships that depict the variability in estimates given different 
environment regimes alongside the assumed length-fecundity relationship in the pre-STAR base 
model. Conduct sensitivities using the alternative values of the exponent of the fecundity-length 
relationship, with M fixed at the value from the pre-STAR base model for all of the runs. Plot the 
spawning output, fraction unfished, and recruitment deviations, and compare estimates with the 
pre-STAR base model.  
 
9 - Rationale 
This will help to characterize the uncertainty in fecundity estimates under varying environmental 
conditions. These results could be used to identify an appropriate axis of uncertainty. 
 
9 - STAT Response 
We ran the pre-STAR base model with the highest and the lowest fecundity relationships (b 
parameters only) from the Beyer et al. 2024 analysis.  We included the multiple brooding 
multiplier, however for completeness we included a “very low” fecundity relationship in the low 
fecundity scenario in which only a single brood was assumed.  We ran the high and low 
scenarios with both M estimated (as in the base model) and fixed at the base model estimate.  
The results dramatically scaled the estimates of larval production, but had only a modest 
influence on relative abundance (depletion).   The estimate of natural mortality changed only 
trivially in the low fecundity model with M estimated (from 0.1706 to 0.17089), but changed more 
substantively for the high fecundity model with M estimated (from 0.1706 to 0.1772), which is 
reflected in the increase in age 3+ biomass. 
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Figure 9.a  Spawning output (left) and age 3 biomass (right) from the suite of models with 
alternative fecundity functions.   
 
 
 
 

 
 
Figure 9.b  Estimated depletion from the suite of models with alternative fecundity functions 
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Figure 9.c  Fecundity functions used to run the models (these account for multiple brooding 
using the same approach as the base model, model with a single brood not shown but you 
know where that will sit).   
 
9 - Panel Conclusion 
These results were very useful to understand how variability in fecundity translates to 
uncertainty in the stock assessment. It appears that variability in fecundity is a small component 
of the uncertainty.  
 
 
10 - Request 
Create a squid plot using a 15-year retrospective analysis. This plot has the recruitment 
deviation on the y-axis and age on the x-axis, which shows the age at which estimated 
recruitment begins to be informed by data. 
 
10 - Rationale 
There are a few large year classes that are important to the population trend, one of which is a 
recent 2013 year class. It is useful to know how long it takes to have a reasonable estimate of 
recruitment, whether low or high. 
 
10 - STAT Response 
The STAT ran 15 year retrospectives with and without the RREAS YOY index, the difference 
was surprisingly small. On a bit more investigation it appears that there is quite a bit of 
information in the WCGBTS for age 0 and 1 fish, and the combination of tuning RREAS and not 
tuning WCGBTS essentially upweights the trawl information. The STAT did several additional 
runs with WCGBTS tuned, and RREAS upweighted, to better understand how each index is 
informing near term recruitments. The STAT explored other options to better understand the 
relative influence of the two indices informing early recruitment deviations, including tuning the 
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WCGBTS (which was untuned in base) to slightly reduce that survey’s estimate of recruitment, 
and reducing the tuning on the RREAS index.  
 

 
Figure 10a. Squid diagnostic plots, plot on left is from base model with a 15 year retrospective, 
including the RREAS pelagic young-of-the-year index, plot on the right is with RREAS turned 
off, demonstrating that there is still apparently quite a bit of recruitment signal in the model 
(presumably signal from age 0 and 1 fish from WCGBTS).  
 
10 - Panel Conclusion 
The Panel appreciated this work. It showed the importance of the WCGBTS in predicting year 
class strength and that there was information when the cohort was age zero. Although the 
RREAS YOY survey was appropriately weighted, including some additional variance, the 
outcome was that this index had very little weight and virtually no influence. The RREAS index 
became appropriately more influential when either removing the additional variance or when 
downweighting the WCGBTS index. There was concern that the strength of a cohort when it 
was age 0 was estimated above average and tended to be reduced as the cohort aged in the 
pre-STAR base model. The Panel realized that changes to the base model from other requests 
could modify these outcomes, thus may need to revisit updated figures following responses to 
future requests.  
 
 
11 - Request 
Estimate steepness with and without a sum-to-zero constraint on recruitment deviations. Please 
use the revised model based on conclusions from earlier requests. Calculate the average of the 
main period recruitment deviations in these two models. Present spawning output, fraction 
unfished, recruitment, and recruitment deviations for these two runs. Provide a table showing 
the parameters with reference points including SPR proxy yield. 
 
11 - Rationale 
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The main period of recruitment deviations average to less than 0 without a sum-to-zero 
constraint, which is during a period with some years of low predicted spawning biomass.The 
base model with a fixed steepness of 0.72 may be attempting to reduce recruitment during this 
period when the reduced recruitment is actually a result of reduced spawning biomass. 
 
11 - STAT Response 
The revised base model (i.e., pre-STAR base with asymptotic selectivity curves for fleets with 
poor MCMC diagnostics in the descending scale parameter; “M160”) was used to complete this 
request. Estimates of steepness were lower than the prior mean in both runs, resulting in a 
more depleted stock status. With steepness estimated, the change in model scale and trend is 
less pronounced between models with and without the sum-to-zero constraint for recruitment 
deviations (Figure 11a), compared to the models with steepness fixed at the prior mean of 0.72 
(Figure 11b). With steepness estimated, the average recruitment deviation without the sum-to-
zero constraint is -0.14. With the constraint, the mean is near zero, as expected (7x10-8). By 
fixing steepness at a value that is slightly less consistent with the data, the simple deviations are 
scaled down to best fit the data (i.e. reducing productivity; Figure 11b), resulting in higher 
estimates of R0 and M (Table 11). 
 

The current model does not have a precise estimate of steepness (see bivariate likelihood 
profile over steepness and female M, in the main document). The STAT therefore recommends 
that the assessment continue to fix steepness at 0.72. The current accepted practices also 
recommend that the method of Methot and Taylor (2011) be applied to reduce bias in estimates 
of unfished equilibrium recruitment. However, that method was developed using the sum-to-zero 
constraint (“deviation vector” option) in Stock Synthesis. Therefore, the STAT recommends that 
a new base model be constructed that 1) continues to fix steepness at 0.72, 2) continues to use 
the bias adjustment, and 3) enforces a sum-to-zero constraint on the recruitment deviations. 
 

Given that the model is sensitive to the treatment of recruitment deviations (sum-to-zero, or 
unconstrained), the STAT recommends that a new assessment be conducted if future research 
clarifies which approach to estimating recruitment deviations is the preferred method, whether 
bias adjustment is needed when using maximum likelihood but without a sum-to-zero constraint, 
and which type of deviation vector gives unbiased parameter estimates when using MCMC. 
From the results of this analysis, it appears that assumptions about steepness also need to be 
considered as part of the above-mentioned research recommendations. 
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Figure 11a. Time series of spawning output for models with steepness estimated, and either 
unconstrained recruitment deviations (red lines and points), or deviations with a sum-to-zero 
constraint (blue lines and points). 
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Figure 11b. Time series of spawning output for models with steepness fixed at the prior mean 
of 0.72, and either unconstrained recruitment deviations (red lines and points), or deviations 
with a sum-to-zero constraint (blue lines and points). 
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Table 11. Likelihood components, parameter estimates, and derived quantities from models 
with steepness fixed and estimated, and recruitment deviations either unconstrained or forced to 
sum to zero. 
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11 - Panel Conclusion 
The Panel generally agrees with the STAT’s proposed way forward. That is to consider best 
practices of using bias correction in recruitment deviations and modelling of recruitment 
deviations along with a steepness fixed at the mean of the prior. It is uncertain whether the bias 
correction method is appropriate without a constraint on recruitment deviations to sum to zero. It 
was also noted that when estimating steepness, the difference between constraining 
recruitment deviations or not was much smaller than when fixing steepness at a larger value. 
This topic deserves further research in the future. 
 
 
12 - Request 
Predict the WCGBTS index with depth as a covariate and assuming isotropy (all other model 
configurations unchanged). If a suitable alternative index (as determined by the STAT) is 
achieved, please run a model (with the new base model) using this new index. Please include 
information about how the depth effect was modeled and show the marginal effect of depth.  
 
12 - Rationale 
An initial new WGCBTS index with depth effect from Request 3 showed a large difference in 
scale compared to the pre-STAR index as well as a large confidence interval. The analysis was 
preliminary and changes to the index model setting needs to be further explored. 
 
12 - STAT Response 
Further investigation revealed that due to a difference in sign, the scaled depth range of the 
prediction grid for the index model was incorrect. Thus, the model was extrapolating to 
unobserved depth values, leading to the large difference in scale, high uncertainty, and different 
trends. This was corrected and a new index was produced.  
 

Depth was standardized and included as a quadratic covariate applied to both the binomial and 
positive models. Isotropy was also assumed, as requested. Specifically, the model was the 
following: 
newfit1 <- sdmTMB( 
 formula = catch_weight ~ 0 + fyear + pass_scaled + depth_scaled + 
depth_scaled_squared, 
 data = data_truncated, 
 mesh = mesh, 
 time = "year", 
 family = delta_lognormal(type="standard"), 
 spatial = "on", 
 spatiotemporal = list("iid", "off"), 
 share_range = TRUE, 
 offset = log(data_truncated$effort), 
 anisotropy = FALSE 
) 
 

The relationship between the model residuals and depth was explored for the original model 
(without depth, with anisotropy), the original model without anisotropy, and the new model with 
depth and without anisotropy (Figure 12a). In both models without depth, there was a 
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relationship between the residuals and depth, particularly for the positive component of the delta 
model, suggesting that anisotropy alone does not account for depth effects, and that the depth 
covariate is providing information. 
 

The new index (using the correct depth values) had a similar trend and variance as the original 
index, but was somewhat lower in scale (Figure 12b). 
 

Marginal effects could not be produced as this required regenerating the mesh, and we did not 
have information on the parameters used to generate the original. As a substitute, we computed 
the conditional effect depth by predicting biomass across the range of observed depths at the 
mean latitude and longitude of the prediction grid for the first year of the survey (Figure 12c). 
This shows a peak in biomass around 200 m, with few fish observed at shallow depths and 
below 350 m. 
 

The new base model was run with the new index, without re-tuning (Figure 12d). Catchability (q) 
for the revised index was 1.84, compared to a value >2 for the model without depth. Fits to the 
survey component and total likelihood improved by a bit over 2 likelihood points (Table 12; no 
change in number of parameters), suggesting that the index with depth effect is more consistent 
with other data sources and parameters in the model. The model fit to the index with depth 
effects did not require tuning, as the Francis weights were unchanged to the third decimal place. 
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Figure 12a. Plots of model residuals in relation to depth for the original WCGBTS index model 
(top row: without depth, with anisotropy), the original model without anisotropy (middle row), and 
the new index model with depth (corrected) and without anisotropy (bottom row). Left panels are 
for the binomial model and right panels are for the positive model. 
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Figure 12b. Original index from the WCGBTS and new index using depth as a covariate and 
assuming isotropy. The depth model now uses the correct prediction depths. In the bottom 
panel, the indices are divided by their respective means to facilitate comparison of trends.  
 
 

DRAFT



Stock Assessment Review (STAR) Panel for Chilipepper Rockfish 
 

36 

 
Figure 12c. Conditional effect of depth in the WCGBTS index model. Plot shows the predicted 
biomass density across the full range of observed depths at the mean latitude and longitude of 
the prediction grid for the first year of the survey. The effect is quadratic on the link scale. 

 

 
Figure 12d. Comparison of time series of spawning output (top left), relative spawning output 
(top right), arithmetic scale fits to the data (bottom left; note that fits are not comparable due to a 
change in index scale when adding depth effect), and log-scale fits (bottom right; note that fits 
are not comparable due to a change in index scale when adding depth effect). The difference 
between the two fits in each plot may be a plotting issue and not a lack of fit. 
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Table 12. Likelihood components, parameter estimates, and derived quantities for models fit to 
WCGBTS indices with and without a depth effect. 

 
12 - Panel Conclusion 
Proceed with the new index that includes a depth effect as part of the revised base model. 
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13 - Request 
Estimate the peak and ascending variance parameters for selectivity of the WCGBT and 
Triennial surveys and use the quick MCMC algorithm to determine how well these parameters 
are estimated and what reasonable values may be. Keep these survey selectivities as 
asymptotic and use the assumptions for commercial selectivities as in the "No Dome: All" run 
from Request 2. 
 
13 - Rationale 
The selectivity for these two trawl surveys were not estimated in the pre-STAR base model. 
Forcing many of the commercial selectivities to be asymptotic (as done for Request 2) may 
improve the ability to estimate the survey selectivities. 
 
13 - STAT Response 
Using the asymptotic selectivity base model established in Request 2, asymptotic selectivity 
was added for the Triennial and WCGBT survey selectivities. The ascending scale and peak 
parameters were estimated in the double normal functional form with the other parameters fixed 
as asymptotic.  
 
 v WCGBT Peak   v Triennial Ascending  

^ WCGBT Ascending Scale ^ Triennial Peak 
 
 
Selparm[55] and selparm[57] are the Triennial peak and ascending scale parameters 
respectively. The Triennial survey selectives are poorly estimated with posterior modes against 
parameter bounds and a very thick tail in the peak parameter. Triennial parameter MLEs are not 
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well reflected in the posteriors. Selparm[51] and selparm[49] are WCGBT ascending scale and 
peak respectively. The WCGBT survey selectivity parameters display some multimodality, but 
could possibly be estimated with reasonable posterior health. Multimodality is evidence of a 
nearby local mode, but the prominent mode seems well defined and reasonably well captured 
by the MLE estimates. 

 
Above are the fitted MLE selectivities with the added asymptotic selectivity for Triennial and 
WCGBT surveys. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Asymptotic Base  Added Asymptotic Surveys  
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Marginal length composition fit using the base model 
(left), and with the added asymptotic selectivities (right) shown above. A small improvement to 
marginal length composition fit at small sizes resulted from fitting the WCGBT selectivity. 
 
13 - Panel Conclusion 
The Panel appreciates the work done by the STAT. The MCMC run is really informative and 
shows that there might be some multimodality in the selectivity parameter estimates. This leads 
to Request 16 and looking at predicted spatial fields. 
 
 
14 - Request 
Examine catch rates in early years of the WCGBTS and compare those to the catch rates in 
later years. This may include creating maps of raw catch rates (bubble plots), identifying the 
locations and magnitude of the 10 highest catch rates for each year, proportion of zero catch, 
and stratified by depth. 
 
14 - Rationale 
The early years of the WCBTS show high index values that are not fit well by the model. A 
better understanding of these years will be helpful to determine how likely these years are to 
reflect population abundance. 
 
14 - STAT Response 
The STAT worked with our GIS analyst, Rebecca Miller, to update plots that were initially 
developed for the 2015 assessment update, showing catch rates from the survey off of the 
California coastline (region of greatest abundance) for two time periods, 2004-2007 and 2008-
2024. There is also a set of figures in which a closer look at central California survey data are 
provided. The results highlight that the highest catches of chilipepper in the survey are most 
frequently encountered close to the shelf break (between approximately 125-275 m depth), 
particularly in regions where the continental slope is steep. The results do not visually suggest 
substantive changes in the distribution of high and low catches between these two time periods, 
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although this is difficult to discern from the figure alone. A provisional table of the total number 
of WCGBTS trawls, the number of trawls positive for chilipepper, and the mean cpue by three 
depth bins and for CA waters between 34 and 42 N (by year) is also provided, as well as a 
provisional table showing the year, location and cpue of the top 15 catches of chilipepper in the 
WCGBTS during the survey period.  
 

 
 

Figure 14a. Plot of California wide WCGBTS catch rates from 2004-2007 (years in which index 
underfit) and 2008-2024 (years in which index reasonably well fit). Figure includes 100, 200 and 
400m depth contours. CPUE is kg/ha (binned), results show the relatively narrow concentration 
of high biomass between approximately 125- 275 m depth. High resolution pdfs are included in 
the google drive folder.  
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Figure 14b. Plot of Central California WCGBTS catch rates from 2004-2007 (years in which 
index underfit) and 2008-2024 (years in which index reasonably well fit). Figure includes 100, 
200 and 400m depth contours. CPUE is kg/ha (binned), results show the relatively narrow 
concentration of high biomass between approximately 125- 275 m depth. High resolution pdfs 
are included in the google drive folder.  
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Table 14a. Table of WCGBTS data, summarizing the % positive tows, mean cpue (kg/ha) per 
tow and the number of tows (here constrained to the area of highest density, between 34 and 42 
N, excluding waters off of Oregon and Washington, as well as the Southern part of the Southern 
California Bight).  
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Table 14b. Year, location, depth and raw cpue (kg/ha) of the 15 highest chilipepper catches in 
WCGBTS between 2003-2024. 
 

 
 
14 - Panel Conclusion 
The Panel appreciates the work done by the STAT. However, the raw data plots presented by 
the STAT could not, on their own, explain the reason for a higher index in 2004-2007 (i.e., the 
distribution is much more contracted in spatial range, the overall mean does not seem 
consistently higher in these years, and fish are found in shallow waters in this period). This 
leads to Request 17. 
 
 
15 - Request 
Estimate the WCGBTS peak and ascending variance selectivity parameters starting the MLE 
optimization routine at 35 and 6, respectively. Fix the Triennial survey peak selectivity 
parameter at 58 and the ascending limb parameter at 10 (or a different value if 10 presents any 
issues). Present r4ss output. Also compare likelihoods to the current base model. Please also 
try a run estimating the WCGBTS peak and ascending limb and removing the Triennial index, 
length data, and age data (e.g., setting lambdas to zero). 
 
15 - Rationale 
The MCMC analysis supported shallower (slower ascending) survey selectivities with a peak at 
30cm or greater, although did show a small mode at a steeper selectivity with a smaller peak. 
This will help understand the uncertainty across these two scenarios. 
 
15 - STAT Response 
The pre-STAR model with asymptotic selectivities and unconstrained recruitment deviations 
was the starting point for this request. The first part of the request, with estimated parameters 
for the WCGBTS and fixed parameters for the Triennial, produced selectivity WCGBTS 
estimates that were consistent with the ‘mode’ of the MCMC reported in Request  13 (Figure 
15a, Table 15). The fixed parameter estimates for the Triennial (chosen by visual inspection of 
the MCMC results in Request  13) produced a curve very similar to the curve in the pre-STAR 
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base, where only age-0 fish are excluded, and all other ages have selectivity equal to one 
(Figure 15a). The STAT views this as support for a simple selectivity curve in the Triennial 
survey, and suggests keeping the original curve (i.e., selectivity = 1 for age1+ fish). The STAT 
modified the request slightly, adding an age-based selectivity that set selectivity=0 for age-0 
fish, as the length-based selectivity curve requested by the panel predicted a large number of 
age-0 fish that were not seen by the survey (see r4ss output for aggregated length 
compositions). The fits to the lengths for the WCGBTS were ultimately degraded by the 
estimated curve relative to the original pre-STAR base, as determined by an increase of roughly 
4 points in the negative log likelihood component for lengths from the survey (Table 15). There 
was a small improvement in the fit to the WCGBTS index, as seen by a -0.6 change in the 
survey component (Table 15). 
 

For the second part of the request, the model from part 1 was modified to remove all data types 
from the Triennial survey. This had no effect on estimated selectivity curves for the remaining 
fleets (Figure 15b). Comparison plots of the three runs (pre-STAR base with asymptotic 
selectivities, part 1 of this request, and part 2 of this request) show that the model scale is 
affected removal of the triennial, caused in part by a shift of rec devs toward more negative 
values when the triennial is removed, resulting in a positive shift in R0 to offset the effect. A 
similar, but much smaller, effect is associated with the changes to survey selectivity in part 1 of 
the request, relative to the pre-STAR base. 

 
Figure 15a. End-year selectivity curves from the pre-STAR base with estimated peak and 
ascending width parameters for the WCGBTS, and fixed selectivity parameters (see Request) 
for the Triennial survey. 
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Figure 15b. End-year selectivity curves from the pre-STAR base with estimated peak and 
ascending width parameters for the WCGBTS, and the Triennial survey removed from the 
model.  
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Figure 15c. Time series of spawning output, relative spawning output, recruitment devs and 
time series, and log-scale fits to the WCGBTS and Triennial survey based on Request 15. “Fit” 
to the Triennial survey index for part 2 is implied, as the lambda was set equal to zero. 
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Table 15. Likelihood components, estimated parameters, and derived quantities associated with 
Request 15. 
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15 - Panel Conclusion 
The likelihood when estimating the WCGBTS was slightly higher than when fixing these 
selectivity parameters to produce a knife-edge selectivity. The MCMC results from Request 13 
were likely not fully converged on a parameter space that was correlated with two similar peaks. 
The assumed (fixed) Triennial survey selectivity based on the MCMC results from Request 13 
was practically the same as assumed in the preSTAR model. The Triennial survey has some 
influence on the model and the Panel does not see sufficient reason to remove it. Therefore, the 
Panel supports the survey selectivity assumptions as in the preSTAR model. 
 
 
16 - Request 
Provide plots of estimated spatial and spatio-temporal fields for both components of the delta-
lognormal model used for the WCGBT survey. It is to be noted that the spatio-temporal field will 
only be available for the presence/absence model. The STAT can choose which years to 
present if there are too many plots but please provide a justification for the choice of years. 
Please focus on evaluating the difference between the early period (2004-2007) and later period 
(after 2008) in order to understand the reason for the higher index in 2004-2007. Please also 
show the values of the estimated “year” effect. 
 
16 - Rationale 
The raw data plot presented by STAT in request 14 was informative but alone could not explain 
the reason for a higher index in 2004-2007 (i.e., the distribution is much more contracted in 
spatial range, the overall mean is not higher in these years, and fish are found in shallow waters 
in the 2004-2007). It is therefore needed to look at the impact of these observations to the 
estimates obtained by the survey index standardization model. This requires a further dive into 
the examination of the estimated spatio-temporal field which is the only component of the model 
that is allowed to vary in space and time. 
 
16 - STAT Response 
Plots are provided below of the ‘year’ effects and spatial random fields for the binomial and 
positive models, as well as the spatial-temporal random field for the binomial model. A plot for 
both models is also provided of the ‘non-random fields’, which correspond to the depth effect 
(plotted over space). It appears that the trend in the index is driven primarily by the fixed year 
effects of the positive model, which resemble (roughly) the raw geometric mean of the positive 
catch data. The spatio-temporal random field in the binomial model (and the binomial model in 
general) does not appear to be contributing as much to overall trends. 
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Figure 16a. Parameter estimates for the year coefficients from the binomial component (a) and 
positive component (b) of the WCGBTS index model. Values are on the link scale.  
 

 

 
Figure 16b. Same as Figure 16a, parameter estimates for the year coefficients from the 
binomial component (a) and positive component (b) of the WCGBTS index model, but with 
standard errors. The resemblance of the positive model coefficients to the index is less obvious 
when the error bars are included. 

 

DRAFT



Stock Assessment Review (STAR) Panel for Chilipepper Rockfish 
 

51 

 
Figure 16c. Time series of raw mean CPUE from the WCGBTS, using the arithmetic mean (a) 
and geometric mean (b).  
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Figure 16d. Spatial random fields for the binomial component (left panel) and positive 
component (right panel) of the WCGBTS index model. This effect is the same for all years of the 
survey. Values are on the link scale.  
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Figure 16e. Non-random fields for the binomial component (left panel) and positive component 
(right panel) of the WCGBTS index model for the first year of the survey. These represent depth 
effects, which will be the same for all years of the survey, but scaled up or down by fixed year 
effects. Values are on the link scale.  
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Figure 16f. Spatial-temporal random fields for the binomial component of the WCGBTS index 
model for all years. Values are on the link scale.  
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Figure 16g. Predictions from the index model for two ‘high years’ (2004, 2005) and two ‘low 
years’ (2010, 2011) for the WCGBTS for the binomial model (a) and positive model (b), zooming 
in on central California. Values are on the response scale (probability of occurrence for 
binomial, biomass density for positive).  
 
16 - Panel Conclusion 
The Panel appreciates this detailed investigation. It is useful to know where the differences in 
biomass density originated. 
 
 
17 - Request 
Provide a model with asymptotic commercial and northern recreational selectivities, recruitment 
deviations constrained to sum to zero, recruitment bias correction tuned, the WCGBTS index 
that includes a depth effect with isotropy, fixing the additional standard error for the RREAS 
index such that total standard error across all years averages to 1.0 (the fixed value of sigmaR), 
and the selectivity for WCGBTS and Triennial surveys either estimated or fixed at appropriate 
values as determined by the STAT. Please tune this model. 
 
17 - Rationale 
The STAT has provided many investigations, sensitivities, and responses to requests that 
support changing the pre-STAR base model in this way. Request 2 supported asymptotic 
commercial selectivity, Requests 4 and 11 investigated the sum to zero constraint on 
recruitment deviations, Request 12 examined the depth effect in the WCGBTS spatio-temporal 
model, Request 10 examined the influence of the RREAS index, and Request 13 examined 
survey selectivities. Investigations of survey selectivity are pending (Request 15) and the Panel 
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encourages the STAT to provide their recommendations for these. This run will be examined as 
a potential base model. 
 
 
17 - STAT Response 
The STAT constructed a model with the previously mentioned asymptotic selectivity curves, a 
sum-to-zero constraint on recruitment deviations, steepness fixed at 0.72, a revised WCGBTS, 
an additive variance parameter for the RREAS survey (fixed so total average logSE = sigmaR = 
1), and trawl survey selectivities fixed at 1 for age 1+ fish (Triennial) and size 9.5cm+ fish 
(WCGBTS). The model was less stable than the previous base, with multiple minima in the 
region of the best identified solution. Attempts to estimate the hessian for the best available 
solution after tuning the composition data failed. In an effort to stabilize the model, the STAT 
examined the parameter standard errors from a previous run and identified two parameters with 
standard errors greater than the MLE: the ascending limb of selectivity for the Southern 
California hook-and-line fleet, and the male offset for the CV of length at age 20 (Table 17a). 
 

Table 17a. Method used to identify potentially problematic parameters. Grey lines are 
parameter with standard errors greater than the maximum likelihood estimate. 
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The STAT fixed the “CV_old_Mal_GP_1” parameter at a value of 0.1, and the 
“Size_DblN_ascend_se_SoCA_HKL(2)” parameter at a value of 1.2, and re-estimated and 
tuned the model. This change appeared to stabilize the model, facilitating tuning, and allowing 
estimation of the hessian and for use of the “-hess_step” option to minimize the final gradient. 
The tuned model was used for a “jitter” analysis of 100 runs with “jitter fraction” equal to 0.2. The 
jitter analysis did not find a smaller NLL value than the proposed base model, and 97 of the 100 
runs found the same solution (NLL = 2633.05). This is evidence (but not proof) that the 
optimizer has found a global solution, and also suggests that fixing the two parameters resolved 
the issues with convergence. Given that the new model enforces a sum-to-zero constraint, it is 
unclear to the STAT if the use of MCMC diagnostics to further diagnose the issue is appropriate. 
 

Reference points from the proposed base suggest a less-depleted, but smaller, stock than the 
pre-STAR base (Table 17b and 17c). This change is largely attributed to the change from 
unconstrained recruitment deviations to sum-to-zero deviations, while fixing steepness at a 
value greater than the estimated value, as described in Request 11 (Figures 17a and 17b). 
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Equilibrium sustainable yields under the proposed base are similar to those estimated in the 
previous assessment (Field 2017). The yield based on an SPR50% harvest rate and applied to 
the equilibrium biomass at that rate was 2042 mt, compared to 2114 mt in the proposed base 
(Table 17b). 
 
Table 17b. Reference points from the proposed final base model. 
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Table 17c. Comparison of likelihood components, parameter estimates, and derived quantities 
from the proposed final base model and the model with unconstrained recruitment deviations 
(and other changes, as noted above). Three parameters fixed in the proposed base model are 
outlined in black, and described in the request and STAT response. 
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Figure 17a. Comparison of time series of spawning output (trillions of eggs; upper panel) and 
relative spawning output (lower panel) from the model with unconstrained recruitment deviations 
(red) and the proposed final base model with sum-to-zero deviations and other changes as 
described above (blue). Shaded areas represent 95% asymptotic confidence intervals. 
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Figure 17b. Comparison of time series of recruitment; upper panel) and recruitment deviations 
(lower panel) from the model with unconstrained recruitment deviations (red) and the proposed 
final base model with sum-to-zero deviations and other changes as described above (blue). 
Shaded areas represent 95% asymptotic confidence intervals. See also Request 11. 
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Despite having a smaller population scale, the proposed base model estimates larger 
recruitments in recent years, reflecting the increased influence of the RREAS survey (Figure 
17b). The additive variance (“extraSD”) parameter in the proposed base is fixed at 0.7, using the 
method described in the request, compared to 1.2 when freely estimated. 
 
Likelihood profile results for the Beverton-Holt steepness parameter are presented in Figures 
17c and 17d, as well as Table 17d. Note that steepness values of 0.3 and lower are inconsistent 
with the FSPR=50% proxy MSY harvest rate, as indicated by an equilibrium yield 
(“Dead_Catch_SPR”) of zero in Table 17d. When estimated, steepness in the proposed final 
base model is 0.383. Some likelihood components exhibit bi-modality, e.g., several sources of 
age data, as well as the index likelihood for the WCGBT survey. 

 

 
Figure 17c. Likelihood profiles over the Beverton-Holt steepness parameter. Likelihood 
components are organized by data type (top left), fleets with indices (top right), fleets with length 
composition data (bottom left), and fleets with age composition data (lower left). Components or 
fleets that show little change over the range of parameter values are excluded from the plots. 
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Figure 17d. Likelihood profile results for the Beverton-Holt steepness parameter. Time series of 
spawning output (trillions of eggs; top left), relative spawning output (top right), recruitment 
deviations (middle left), log-scale fit to WCGBTS index (middle right), log-scale fit to CalCOFI 
index (bottom left), and log-scale fit to Triennial survey (bottom right). 
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Table 17d. Likelihood components, parameter values, and derived quantities from a likelihood profile over steepness. 
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Likelihood profile results for the female natural mortality (M) parameter are presented in Figures 
17e and 17f, as well as Table 17e. 
 

 

 
 
Figure 17e. Likelihood profiles over the female natural mortality (M) parameter. Likelihood 
components are organized by data type (top left), fleets with indices (top right), fleets with length 
composition data (bottom left), and fleets with age composition data (lower left). Components or 
fleets that show little change over the range of parameter values are excluded from the plots. 
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Figure 17f. Likelihood profile results for the female natural mortality (M) parameter. Time series 
of spawning output (trillions of eggs; top left), relative spawning output (top right), recruitment 
deviations (middle left), log-scale fit to WCGBTS index (middle right), log-scale fit to CalCOFI 
index (bottom left), and log-scale fit to Triennial survey (bottom right). 
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Table 17e. Likelihood components, parameter values, and derived quantities from a likelihood 
profile over female natural mortality (M). M=0.165 is the estimate from the proposed base. 
 

 
 
Likelihood profile results for the log of unfished recruitment (logR0) parameter are presented in 
Figures 17g and 17h, as well as Table 17f. 
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Figure 17g. Likelihood profiles over the log of unfished recruitment (logR0) parameter. 
Likelihood components are organized by data type (top left), fleets with indices (top right), fleets 
with length composition data (bottom left), and fleets with age composition data (lower left). 
Components or fleets that show little change over the range of parameter values are excluded 
from the plots. 
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Figure 17h. Likelihood profile results for the log of unfished recruitment (logR0) parameter. 
Time series of spawning output (trillions of eggs; top left), relative spawning output (top right), 
recruitment deviations (middle left), log-scale fit to WCGBTS index (middle right), log-scale fit to 
CalCOFI index (bottom left), and log-scale fit to Triennial survey (bottom right). 
 
Table 17f. Likelihood components, parameter values, and derived quantities from a likelihood 
profile over the log of R0. 
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The STAT was curious if having unconstrained recruitment deviations would affect likelihood 
profiles for steepness and/or M. A comparison of bivariate likelihood profiles for steepness and 
M from the pre-STAR base and the proposed final base is shown in Figure 17i. The proposed 
final base includes other changes, as noted above, but Request 11 results suggest that 
recruitment deviation estimates are more negative when steepness is fixed at 0.72, relative to 
the estimated value in each run. This would allow the model to maintain a similar fit across a 
wider range of steepness values. 
 

 

 
Figure 17i.  Comparison of bivariate likelihood profiles (Beverton-Holt steepness and female natural mortality) from 
the proposed base model (upper panel) with a sum-to-zero constraint on recruitment deviations, to a similar profile 
from the pre-STAR base with unconstrained recruitment deviations (lower panel). White points indicate the minimum 
NLL, and red points indicate the base model, for each model run. Contours represent 75%, 90%, 95%, and 99% 
bivariate confidence regions. 
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17 - Panel Conclusion 
These results are informative and there are no concerns for the proposed base model. The 
Panel noted that steepness values changed equilibrium values (but also have an effect, 
although smaller, on the recent spawning output) while the range of natural mortality had mostly 
an effect on recent spawning output (and thus OFL). The likelihood for steepness was useful to 
help determine values for use in the decision table, and low and high states of nature, however, 
alternative sources were used to determine the values chosen.  
 
 
18 - Request 
Provide a decision table using steepness as the primary axis of uncertainty (low 0.38, high = 
0.97), with the decision table based on the catch time series reflecting full attainment (=ACL) as 
required by the TOR, as well as alternative catch projections based on constant catch at the 
MSY proxy yield (2114 t) to bracket the range of catch alternatives in the decision table. If 
possible, plot spawning output, fraction of unfished spawning output, age 3+ biomass (t), and 
relative fishing intensity (1-SPR)/(1-SPR_50%), with management reference points where 
appropriate for the six forecasts. Please provide this in the post-STAR assessment document 
and to the STAR Panel, if possible, for inclusion in the STAR Panel report.  
 
18 - Rationale 
These outputs are necessary to satisfy the Terms of Reference. 
 
18 - STAT Response 
 
Runs with the three states of nature (base with steepness 0.72, high with steepness 0.97 and 
low with steepness 0.38) were conducted.  The two catch streams used were the equilibrium 
MSY estimate from the base model (2114 tons) and the ABC catch stream from the base model 
(in which 2027 ABC is 3211 tons and the 2036 ABC is 2431 tons).  Catch apportionments were 
identical to those used for the 2025-2026 forecasts. 
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18 - Panel Conclusion 
The Panel thanks the STAT for the timely provision of these outputs. 
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