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Summary
· This package of files contains the results of surplus production model fits (SP fits) to catch and biomass data extracted from stock assessments of 58[footnoteRef:1] fish stocks. Typically, the most recent assessment of a given stock was used, but if insufficient data were available in the most recent assessment, the next-most-recent was used. [1:  only 57 stocks appear in the “U-time-series”, “SP-plots”, and “Umsy-scatterplots” figure files, as stock “reb.27.1-2” was originally linked incorrectly. The correct data appear in data csv files. ] 

· All surplus production models were fit to data contained in RLSAD version 4.44, released 2018-12-22. A bulk import of ICES stock assessment data was conducted in October 2018 through the ICES website, and is included in this version of RLSAD.
· Six Pella-Tomlinson surplus production models are compared, which differ in the assumed value of the shape parameter, ϕ. For all six models, leading parameters ERMSY and TBMSY were estimated as freely-varying parameters. 
· Of the 342 models fit with freely-varying ERMSY and TBMSY (6 models x 57 stocks), all models converged to a solution. Of these 342 converging models, 262 models (77%) passed a series of 9 filtering criteria. (A failure of any one of these 9 criteria results in an overall fail).
· Most if not all of the 23% model failures can be explained by a lack of sufficient information in the data to estimate carrying capacity in the production relationship (i.e. data values were only available for relatively low biomass values, so there was insufficient information about where the production model peaks and then bends over). Summary results tables separate passing fits from failing fits.
· Equivalent-FMSY (FMSY_equiv, in “ICES currency”) is calculated by scaling ERMSY from SP fits to a ratio-of-ratios, the ratio of F/FMSY from assessments to ER/ERMSY from SP fits. 
· Standard errors for FMSY_equiv are calculated assuming the same coefficients of variation for ERMSY that were calculated from the standard errors and estimates in SP fits. Standard errors were typically 2-4 times greater than the estimates of FMSY_equiv, even for the models that passed all filtering criteria.
· Table 1 gives a basic summary of FMSY_equiv estimates. For each of 6 surplus production models, sample sizes show the number of 57 stocks with SP fits which passed all 9 filtering criteria. There were 29 stocks that passed all filters for all 6 models and also had assessment estimates of FMSY available; comparisons across models are most appropriate for the subset of stocks in common.
· Considering the stocks in common that had all 6 models passing all 9 filters, fitting criteria were generally very similar among models. Models 2 (Schaefer) and 6 (P-T pooled) performed slightly better than other models on average in terms of AICc scores, but in general, differences between models were minor in terms of AICc and other fitting criteria such as R2, r, and percent error.
 
Table 1. Summary of FMSY_equiv estimates and standard errors across 57 stocks, for SP fits that passed a series of 9 filtering criteria. Of these 57 stocks, 29 had FMSY_equiv estimates available for all 6 models as well as FMSY_asmt estimates available; summary statistics are given for these 29 stocks in common.
	Model
	
	1
	2
	3
	4
	5
	6
	asmt a

	
	
	free
	Schaefer
	Fox
	emp tax
	P-T tax
	P-T pooled
	

	
	
	
	
	
	
	
	
	

	n
	
	43
	51
	40
	39
	40
	49
	53

	
	
	
	
	
	
	
	
	

	ncommon29
	29
	29
	29
	29
	29
	29
	29

	
	
	
	
	
	
	
	
	

	estimates common29:
	
	
	
	
	
	
	

	
	min
	0.072
	0.066
	0.057
	0.067
	0.058
	0.065
	0.108

	
	25th %ile
	0.303
	0.276
	0.235
	0.246
	0.239
	0.265
	0.192

	
	median
	0.356
	0.366
	0.375
	0.343
	0.378
	0.370
	0.250

	
	75th %ile
	0.518
	0.523
	0.522
	0.483
	0.524
	0.518
	0.320

	
	max
	1.618
	1.119
	1.201
	1.167
	1.197
	1.131
	0.800

	
	arithmetic mean
	0.447
	0.412
	0.414
	0.413
	0.414
	0.413
	0.266

	
	geometric mean
	0.371
	0.354
	0.342
	0.339
	0.343
	0.354
	0.245

	
	
	
	
	
	
	
	
	

	standard errors common29:
	
	
	
	
	
	
	

	
	min
	0.523
	0.511
	0.555
	0.510
	0.552
	0.517
	

	
	25th %ile
	0.786
	0.701
	0.761
	0.776
	0.757
	0.707
	

	
	median
	0.995
	0.942
	1.039
	0.995
	1.033
	0.951
	

	
	75th %ile
	1.461
	1.150
	1.250
	1.283
	1.245
	1.164
	

	
	max
	3.165
	2.424
	2.454
	2.531
	2.450
	2.418
	

	
	arithmetic mean
	1.229
	1.067
	1.155
	1.126
	1.151
	1.079
	

	
	geometric mean
	1.102
	0.985
	1.073
	1.038
	1.068
	0.997
	


a Assessment estimates of FMSY were taken for 55 ICES stocks from the file “Main table - ICES Cat 1 stocks Nov 2018.xlsx”, and for 2 U.S. stocks from the RLSAD.


Notation and RLSAD conventions
· Surplus production model inputs include time series of biomass and catch data extracted from stock assessments, all in tonnes. Total catch time series are used if available, otherwise total landings are used.
· Biomass is represented by the variable “B”, with associated reference point BMSY. B and BMSY may represent either total biomass (TB, TBMSY) or spawning stock biomass (SSB, SSBMSY). Only TB values are used in fitting surplus production models. If TB is not available from assessments, a regression model is applied to convert SSB time series to TB time series. 
· Exploitation is represented by the variable “U”, with associated reference point UMSY. U and UMSY may represent either discrete, annual exploitation fractions (ER, ERMSY) or instantaneous fishing mortality rates (F, FMSY). Only ERMSY is estimated from surplus production model fits. 
· A conversion is later applied to estimate FMSY_equiv, the “Equivalent-FMSY” scaled to F time series (i.e. in the “ICES currency”). The geometric means of available years since 2000 are used for this scaling, with FMSY_equiv = ERMSY_sp* (mean(F/FMSY_asmt) / mean(ER/ERMSY_sp)).
· The subscript ‘asmt’ refers to values extracted from stock assessments, while subscript ‘sp’ refers to values estimated post-hoc with surplus production model fits.
· The specification of the Pella-Tomlinson surplus production model used is the one in which the shape parameter ϕ results in the common models: Schaefer, ϕ = 2; Fox, ϕ = 1.
· In figures, model numbers and names refer to:
· Model 1, “Free”: ϕ is an estimated parameter. It is freely-varying, but a Subbotin distribution is applied to penalize values of ϕ falling outside of the range 0.15–6.0, which approximately correspond to BMSY/K ratios of 0.1–0.7.
· Model 2, “Schaefer”: ϕ is fixed to a value of 2
· Model 3, “Fox”: ϕ is fixed to a value of 1
· Model 4, “Emp. Tax.”: ϕ is fixed to values specific to 16 taxonomic groups, estimated from empirical distributions of freely-varying ϕ while TBMSY and ERMSY are held fixed at their assessment-extracted values. The mean of these empirically-estimated ϕ estimates is calculated for each taxonomic group. See “RAM SP Fit Guide.docx” for groups and values.
· Model 5, “P–T Tax.”: ϕ is fixed to values specific to 6 taxonomic groups, estimated from a meta-analysis by Thorson et al. See “RAM SP Fit Guide.docx” for groups and values.
· Model 6, “P–T Pooled”: ϕ is fixed to a value of 1.736, which was estimated from a meta-analysis by Thorson et al., with all taxa pooled



Submitted files

· stock-metadata.csv  [57 stocks]
This contains codes and names of stocks, providing linkages between EcoFmsy project names and RAM database names. Additional taxonomic and regional information are also listed.

· equivalent-fmsy-estimates-pass.csv  [57 stocks * 6 models]
This contains estimates and standard errors of FMSY_equiv, calculated from SP fit estimates which passed the series of 9 filtering criteria

· equivalent-fmsy-estimates-fail.csv  [57 stocks * 6 models]
As above, from SP fits which failed one or more of the 9 filtering criteria

· spfit-parameter-estimates-pass.csv  [57 stocks * 6 models]
This contains parameter estimates, their standard errors (se), and coefficients of variation (cv) from SP fits which passed the series of 9 filtering criteria. Estimates include ERMSY_sp, se(ERMSY_sp), cv(ERMSY_sp), TBMSY_sp, se(TBMSY_sp), cv(TBMSY_sp), K (carrying capacity), and mean(ER/ERMSY_sp)

· spfit-parameter-estimates-fail.csv  [57 stocks * 6 models]
As above, from SP fits which failed one or more of the 9 filtering criteria

· spfit-fitting-criteria-pass.csv [57 stocks * 6 models]
This contains R^2 values (Rsq), correlation coefficients (corr_coef), mean percent error of model predictions relative to observed annual surplus production values (perc_err), negative log-likelihood of model fit (NLL), and Akaike’s Information Criterion values adjusted for small sample size (AICc) for SP fits which passed the series of 9 filtering criteria 

· spfit-fitting-criteria-fail.csv [57 stocks * 6 models]
As above, for SP fits which failed one or more of the 9 filtering criteria


· RAM-SPmod-fits-full-results-EcoFmsy-12-18-2018.csv [58 stocks * 22 models, in long format]
This contains the results of model fitting for 19 models fit to 57 stocks on the EcoFmsy list. Only models 1–6 are relevant to this summary, as these contain freely-varying ERMSY and TBMSY parameters, instead of fixing these parameters to assessment-estimated values. The six preceding files listed are all derived from this master table of model fit results.

· proportions-fits-passing-filters.csv
For each model, this lists the proportion of the 57 stocks that passed each of 9 filters as well as the proportion of overall passes across all 9 filters. Only models 1–6 are relevant to this summary.

· SP-plots.pdf
These plots, one page per stock, show annual surplus production values plotted against total biomass estimates in the same year. Surplus production models fit to these data points are overlaid for the six alternative models with differing ϕ parameter values. 

· U-time-series.pdf
These plots, one page per stock, show time series of the ratio of ER/ERMSY_sp (on a log scale) for the six alternative models with differing ϕ parameter values. The numerator ER is typically calculated as catch/TB from assessment values. The denominator is the estimated ERMSY from surplus production model fits. Assessment-extracted time series of ER or F ratios relative to either msy (MSY-based) or mgt (management target-based) reference points are shown for comparison.

· Umsy-scatterplots.pdf
The first page shows log-log scatterplots of mean ER/ERMSY_sp plotted against mean U/UMSY_asmt for each of the six alternative models. In each panel one data point represents one stock, with geometric means of the ratios calculated for available years since 2000. Dashed lines show the 1:1 line and the solid line represents the best linear regression fit through paired datapoints. The following six pages each show a similar log-log scatterplot for the six alternative models, with data points distinguishing different taxonomic groups. 

· scaled-SP-biomass-all-pass.pdf
These plots, one page per model, show scatterplots of scaled SP vs scaled biomass (TB), with all stocks included in the same plot. Annual SP is scaled by estimated MSYsp (= ERMSY_sp * TBMSY_sp) for each stock, and annual biomass is scaled by the estimated Ksp for each stock. Surplus production model curves could be overlaid.

· scaled-SP-biomass-by-taxgroup-pass.pdf
As above, with data points separated by taxonomic group.

· scaled-SP-biomass-by-species-pass.pdf
As above, with data points separated by species.

· scaled-SP-biomass-by-stock-pass.pdf
As above, with data points separated by stock.

· RAM SP Fit Guide (10-29-18).docx
This file contains additional details about the surplus production model fitting procedures used, including model fitting protocols, fixed values of ϕ parameters, filters used as pass/fail criteria for whether surplus production model estimates are rejected, and a glossary of the fields contained in “RAM-SPmod-fits-full-results-EcoFmsy-12-18-2018.csv”. This guide is slightly out of date, so the order of cases listed in this guide is different from the order of models listed in other submitted files, and the glossary covers most but not all fields currently contained. 
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