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Additional Modeling Details
See the project’s Github page (https://github.com/CassidyPeterson-NOAA/SS_MSE_AssessmentFrequency) for example operating model (OM) and estimating model (EM) Stock Synthesis input control files. 
OM Structure for Conditioning 
All operating model configurations were conditioned with the following model structure with requisite alterations (e.g., updates to fit the various OM scenarios).
· Followed SEDAR 54 (SEDAR 2017) configuration
· 4 fleets and 2 surveys
· Fixed life history parameters: von Bertalanffy growth, weight-length, age-specific natural mortality, maturity-at-age, recruitment variability (σR)
· Estimated life history parameters: virgin recruitment
· Stock recruitment parameters were either estimated with narrow priors (low-fecundity stock recruitment, LFSR, scenarios) or fixed (Beverton-Holt stock recruitment, BH, scenarios)
· Recruitment deviations were not constrained to sum to zero
· Estimated fishery parameters (time-invariant): catchability coefficients were numerically calculated (via “float” option in Stock Synthesis, Methot et al. 2020); 
· 19 out of 38 selectivity parameters were estimated following SEDAR 54 (SEDAR 2017)
OM Structure for MCMC
The Markov-Chain Monte Carlo (MCMC) step was to generate iterations within each OM scenario where parameters were resampled to represent process uncertainty. 
· Timeframe of OM was extended through 2115 (or the length of the simulation)
· Priors added to all non-fixed or resampled parameters
· Time invariant resampled parameters: von Bertalanffy growth, the allometric weight-length exponent, and LFSR stock-recruitment parameters; BH steepness was fixed at estimated value
· Recruitment deviations were not constrained to sum to zero
· Catchability coefficient was estimated with time-variation generated via zero-reverting random walks (SD=0.5, ρ = 0)
· 21 out of 38 selectivity parameters resampled with informative priors (where prior SDs were generally restricted to be an order of magnitude smaller than the parameter estimated in the conditioning step) and with time-variation implemented through zero-reverting random walks (SD=0.5; ρ = 0)
· Age-specific natural mortality and fecundity and recruitment variability (σR) were fixed
OM Structure for Simulation
The OM structure for the simulation followed that applied in the MCMC step, although the time-frame was updated with the simulation. 
· Resampled parameter values obtained from the MCMC step were input into the .par file, and the OM was projected forward reading-in values from the .par file
· No estimation or model fitting was performed in the OM in the simulation step
EM Structure
· Followed SEDAR 54 (SEDAR 2017) configuration and the conditioning OM formulation for the OM_BH scenario 
· Assumed Beverton-Holt stock recruit relationship
· Fixed biological parameters: age-specific natural mortality, age-specific fecundity, von Bertalanffy growth parameters, allometric weight-at-length parameters, recruitment variability (σR)
· Estimated parameters: virgin recruitment was estimated 
· Catchability coefficients were numerically calculated using the ‘float’ option
· 19 of 38 selectivity parameters were estimated (corresponding to the same parameters as in the OM conditioning models and SEDAR 54)
· No time-varying parameters was assumed
Implementation Modeling (IM) Details
· [bookmark: _Hlk104991048]In expected implementation scenarios (HiMexRec and LoMexRec IMs): 41.7 mt (27 mt for assumed recreational harvest + 14.7 mt assumed discards) was subtracted from the target catch to account for expected recreational removals and discards; this allowable catch was allocated between both U.S. commercial fleets (see “U.S. Commercial catch allocation” bullet below); MexRec fleet catch was not impacted by the MP (see “MexRec catch” bullet below)
· In conceptual implementation scenario (Conceptual IM): the 41.7 mt was not removed from the allowable catch; all of the allowable catch was allocated between both U.S. commercial fleets (50%) and the MexRec fleet (50%)
· Implementation uncertainty was modeled from observed commercial vs. allowable catch from the years 2008-2019: 
· The ratio of observed catch / allowable catch followed a lognormal distribution (lognorm(μ = -0.6015450, CV = 0.3306523))
· U.S. Commercial catch allocation followed a beta distribution from observed data from 1995-2015
· The proportion of total catch attributed to the Gulf of Mexico fleet followed the distribution β(shape1 = 8.731176, shape2 = 8.533997)
· South Atlantic catch allocation = total catch – Gulf of Mexico catch
· MexRec catch
· HiMexRec IM scenario: the relationship between total stock biomass and MexRec catches between the years 2008-2013 was fitted with a linear regression. Future MexRec catches were assumed to follow this relationship, and when total stock biomass was less than the point at which the linear regression crossed the average of the recently observed MexRec catches from 1995-2013, then the projected MexRec catches were ramped to zero to account for the negative y-intercept (see Figure 2).
· Example relationship for OM_Base: , where 
· LoMexRec IM scenario: MexRec catches were set equal to the average of observed catches from 2008-2013 plus random variability, which followed the form 
· Conceptual IM scenario: MexRec catch was half of the HCR-derived allowable catch
· Menhaden discards (in 1000s of individuals) were projected based on the linear relationship between menhaden discards and biomass (since 1981; R2=0.9199), with added variability in the form of . 
· Example relationship for OM_Base were as follows: , where  
Determining effective sample size for length compositions
· Based on observed data, we assumed a linear relationship between log(catch) and effective sample size for each fishery (labeled F1, F2, F3, and F4) with associated length frequency observations (i.e., excluding fishery 4). Bias corrected effective sample sizes for length composition observed in the most recent stock assessment total 424, 96, and 142 for F1, F2, and F3, respectively (SEDAR, 2017). Equations are as follows: 
· Fleet 1: , where 
· Fleet 2: , where 
· Fleet 3: , where 
· Fleet 4: no length observations
· We assumed a linear relationship between log-transformed effective sample size of length frequency observations for each survey 1 and population biomass. As previously, slope, intercept, and standard deviation of normally distributed error was obtained empirically. 
· Survey 1: , where 
· The effective sample size of survey 2 was found to be largely independent of population size, so we randomly chose future sample size of length frequency observations from a truncated normal distribution, where mean and standard deviation parameters were obtained from fitting a normal distribution to the observed data. Bounds of truncated normal distribution were to restrict observations within the realm of observed historical data.
· Survey 2: 


Life history parameter values 
See table for example parameter values assumed in the OM_Base conditioning step. Note parameter values may vary for each OM, within each step of building the OM (e.g., conditioning, MCMC analysis, and simulation), and between the OM and EM. For full results, see the Stock Synthesis input files on the project’s Github repository (https://github.com/cassidydpeterson/SS_MSE_AssessmentFrequency/tree/master/Example_SS3_input_files). 
	Parameter
	Value

	L_at_Amin_Fem_GP_1
	58.4

	L_at_Amax_Fem_GP_1
	183.322

	VonBert_K_Fem_GP_1
	0.124

	CV_young_Fem_GP_1
	0.22

	CV_old_Fem_GP_1
	0.1197

	Wtlen_1_Fem
	1.09E-05

	Wtlen_2_Fem
	3.0124

	Mat50%_Fem
	154.9

	Mat_slope_Fem
	-0.138

	Eggs_intercept_Fem
	1.69908

	Eggs_slope_len_Fem
	0.01296

	L_at_Amin_Mal_GP_1
	-0.14393

	L_at_Amax_Mal_GP_1
	-0.0434285

	VonBert_K_Mal_GP_1
	0.142563

	CV_young_Mal_GP_1
	0

	CV_old_Mal_GP_1
	0

	Wtlen_1_Mal
	1.09E-05

	Wtlen_2_Mal
	3.0124

	SR_LN(R0)
	6.27017

	SR_surv_Sfrac
	0.85226

	SR_surv_Beta
	0.36

	SR_sigmaR
	0.18

	SR_regime
	0

	SR_autocorr
	0.67

	M_at_age
	0.160419 0.160419 0.160419 0.160419 0.160419 0.160419 0.157755 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805 0.116805

	Fecundity_at_age
	0 0 0 0 0 0 0.03304641 0.06788599 0.10420506 0.21260806 0.43263289 0.76857325 1.22367426 1.83784806 2.46242623 2.98084523 3.38885132 3.60552922 3.74383974 3.84167846 3.8985862 3.91422815 3.96772316 3.98005281 3.99094457 4.00056614 4.00906563 4.01657391 4.02320658 4.02906574 4.0342416 4.03881386



Additional Figures
Note Supplementary Figures S1-S5 were also presented in the supplementary materials of Peterson et al. (2022). 
[image: ]
Figure S 1. Data available in the operating models by year for each fleet as obtained from ‘r4ss’. Circle area corresponds to relative data availability for each data type, where circles are proportional to total catch for catches, to precision for indices, and to total sample size for length compositions. 
[image: ]
Figure S 2. Annual landings for each fleet within the operating models as plotted from ‘r4ss’. 

[image: ]
Figure S 3. Standardized indices of abundance provided to the operating models and plotted using ‘r4ss’.
[image: D:\MSE_COVID19_FILES_BACKUP\sandbar_330_OM_Base_2Surveys\sel01_multiple_fleets_length1.png]
Figure S 4. Selectivity curves of the fishing fleets from the conditioned, Base operating model (OM_Base) as plotted using ‘r4ss’. Fleets are identified as follows: F1 – Gulf of Mexico U.S. commercial fleet, F2 – South Atlantic U.S. commercial fleet, F3 – MexRec fleet, F4 – Menhaden discard fleet; where (f) and (m) indicate female and male curves, respectively.
[image: ]
Figure S 5. Length composition data by fleet aggregated across time as plotted by ‘r4ss’. 

[image: ]
Figure S 6. Simulated density plot of implementation uncertainty applied in the current analyses. Note the red vertical lines are observed proportion of total allowable catch (TAC) captured in the years 2008-2019, and the grey vertical lines represent example implementation errors applied in the simulation by randomly sampling from this distribution. 

[image: ]Figure S 7. Worm plots depicting trajectories of U.S. commercial catch for each operating model (OM; in each column) across implementation models (IMs; in each row) for four assessment frequencies (FRQ). Each simulated trajectory for each iteration is graphed transparently following the color scheme noted in the legend, and the median U.S. commercial catch is superimposed and boldened for each OM-IM-FRQ scenario.
[image: ]
Figure S 8. Worm plots depicting trajectories of F/FMSY for each operating model (OM; in each column) across implementation models (IMs; in each row) for four assessment frequencies (FRQ). Each simulated trajectory for each iteration is graphed transparently following the color scheme noted in the legend, and the median F/FMSY is superimposed and boldened for each OM-IM-FRQ scenario.

[image: ]
Figure S 9. Example relative SSB trajectories depicting MPs of different assessment frequencies for 9 iterations of the OM_Base model run. Note that dynamics within each iteration are the same (all process error is the same), enabling direct comparison between assessment frequencies. 
[image: ]
Figure S 10. Average annual variability in catch (AAVC) for each OM and IM scenario for each assessment frequency. Median tendencies indicate that the catch varied 30-45% in each year. Note that the scale of the y-axis was truncated to clearly observe the central tendency of each management procedure and outlying data points are not visible.
[image: ]
Figure S 11. Cumulative total catch across all fleets (South Atlantic US commercial catches, Gulf of Mexico US commercial catches, MexRec fleet, and menhaden bycatch fleet) for each OM and IM scenario for each assessment frequency. 
[image: ]
Figure S 12. Relative spawning stock biomass (SSB/SSBMSY) in year 2065 for each OM and IM scenario for each assessment frequency.
[image: ]
Figure S 13. Relative spawning stock biomass (SSB/SSBMSY) in year 2115 for each OM and IM scenario for each assessment frequency.
[image: ]
Figure S 14. Relative error (RE) of terminal year spawning stock biomass as calculated from the estimating model (EM). Note that the scale of the y-axis was truncated to clearly observe the central tendency of each management procedure and outlying data points are not visible.
[image: ]
Figure S 15. Terminal year spawning stock biomass estimates from the final EM to demonstrate the variability of EM results. Note that the scale of the y-axis was truncated to clearly observe the central tendency of each management procedure and outlying data points are not visible.
[image: ]
Figure S 16. Pearson residual model diagnostics from the probability of recovery generalized linear model analysis. 
[image: ]
Figure S 17. Pearson residual model diagnostics from the terminal relative spawning stock biomass generalized linear model analysis.
[image: ]
Figure S 18. Pearson residual model diagnostics from the cumulative US commercial catch generalized linear model analysis.
[image: ]
Figure S 19. Pearson residual model diagnostics from the probability of overfishing generalized linear model analysis.
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