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Gulf of Mexico and Western North Atlantic Ocean 
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Assessment Process Final Report 
Discussion and Decisions

1.5 Statement addressing each term of reference 
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Assessment Process Final Report
Statement addressing each term of reference

• 1. Review any changes in data or analyses following the Data 
Workshop. Summarize data as used in each assessment 
model. Provide justification for any deviations from Data 
Workshop recommendations. 

• The data used in the assessment are summarized in Section 2 
(Data Review and Update). Vital rates (steepness and natural 
mortality) are obtained from SEDAR77-AW04 (Cortés 2022) 
developed from life history data provided in the Data 
Workshop.
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Assessment Process Final Report
Statement addressing each term of reference

• 2. Develop population assessment models that are compatible 
with available data and document input data, model 
assumptions and configuration, and equations (if necessary) 
for each model considered. 

• Stock Synthesis is implemented as the population assessment 
model based on its compatibility with the available data and its 
use in several previous shark stock assessments as 
summarized in Section 3.1. Input data are provided in Section 
3.2 (Data Sources). Model configuration is described in 
Section 3.3 (Model Configuration and Equations). 
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Assessment Process Final Report
Statement addressing each term of reference

• 2. Develop population assessment models, continued.

• Stock Synthesis is implemented as the population assessment 
model based on its compatibility with the available data and its 
use in several previous shark stock assessments as 
summarized in Section 3.1. Input data are provided in Section 
3.2 (Data Sources). Model configuration is described in 
Section 3.3 (Model Configuration and Equations). 

• 3. Identify preferred model approach if applicable. 
• See the statement addressing TOR 2. 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 8

Assessment Process Final Report
Statement addressing each term of reference

• 4. Provide preliminary estimates of stock population parameters: 
• a. Include fishing mortality, abundance, biomass, selectivity, stock-

recruitment relationship (if applicable), and other parameters as necessary 
to describe the population. 

• b. Include appropriate measures of precision for parameter estimates. 
• Preliminary stock population parameters are provided in Section 4 

(Results). 
• Precision of estimated and derived parameters is obtained from 

Stock Synthesis AD-Model Builder (ADMB) output as the 
asymptotic parameter standard deviations (SD) at the converged 
solution (Fournier et al. 2011) as described in Section 3.3.1.11 
(Uncertainty and Measures of Precision). 
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Assessment Process Final Report
Statement addressing each term of reference

• 5. Characterize uncertainty in the assessment and estimated 
values, if possible. 
• a. Consider uncertainty in input data, modeling approach, and model 

configuration. 

• In response to the presence of a cryptic hammerhead species 
in the Atlantic region (Carolina hammerhead), the Stock ID 
Process recommended conducting sensitivity analyses to the 
scalloped hammerhead assessment for data inputs separately 
by geographic region for the GOM and the ATL.
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Assessment Process Final Report
Statement addressing each term of reference

• 5. Characterize uncertainty, continued.
• Two sensitivity analyses were implemented in Stock Synthesis, one 

for the Gulf of Mexico (GOM) and the other for the Atlantic (ATL).
• Stock Synthesis models were fit to data inputs provided separately in the 

GOM and ATL
• Catch: 

• Section 2.1.4 Sensitivity Analyses; Section 3.2.1.4 Sensitivity Analyses for Catches 
• Indices of abundance:

• Section 2.2.2 Sensitivity Analyses; Section 3.2.1 Indices of Abundance Sensitivity 
Analyses 

• Length composition: 
• Section 2.4.1 Sensitivity Analyses; Section 3.2.4.1 Length Composition Sensitivity 

Analyses 
• Life history:

• Section 2.3.2 Sensitivity Analyses and Section 3.2.3.1 Life History Analyses 
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Assessment Process Final Report
Statement addressing each term of reference

• 5. Characterize uncertainty, continued.
• Two sensitivity analyses were completed, one for the Gulf of 

Mexico (GOM) and the other for the Atlantic (ATL). 
• Results of the GOM and ATL sensitivity analyses are provided in 

Section 3.4.4 Sensitivity Analyses (see Section 3.11 Appendix 3.B 
and see Section 3.12 Appendix 3.C). 

• However, both sensitivity analysis model configurations failed to pass 
multiple convergence criteria. 

• A hypothesis provided for the lack of model convergence is that the 
limited data in both the GOM or the ATL model configurations may 
not be sufficiently informative to estimate the absolute scale (size) of 
the population, catchability, and selectivity simultaneously. 
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Assessment Process Final Report
Statement addressing each term of reference

• 5. Characterize uncertainty, continued.
• b. Consider and include other sources of uncertainty as appropriate 

for this assessment. 

• Other sensitivity analyses were not conducted due to time 
constraints. 
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Assessment Process Final Report
Statement addressing each term of reference

• 5. Characterize uncertainty, continued. 
• c. Provide appropriate measures of model performance, reliability, 

and ‘goodness of fit’. 

• Diagnostic results implemented for the Stock Synthesis 
GOM+ATL continuity analysis model configuration are 
provided in Section 3.4.5 Diagnostics (see Section 3.14 
Appendix 3.D). . 
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Assessment Process Final Report
Statement addressing each term of reference

• 6. Provide preliminary estimates of population benchmarks or 
management criteria consistent with available FMPs and 
amendments, proposed FMPs and amendments, other 
ongoing or proposed management programs, and the National 
Standards. 
• a. Evaluate existing or proposed management criteria as specified in 

the management summary. 
• b. Recommend and define proxy values when necessary, and 

provide appropriate justification. 
• Preliminary estimates of population benchmarks are provided 

in Section 3.4.6 (Benchmarks and Reference Points). 
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Assessment Process Final Report
Statement addressing each term of reference

• 7. Recommend preliminary stock status relative to 
management benchmarks or alternative data-poor approaches 
if necessary. 

• The Stock Synthesis reference case (GOM + ATL) model 
configuration, defined here as a provisional base model 
configuration, predicted that the stock was not overfished 
(SSF2019 > MSST) and that the stock was not experiencing 
overfishing (F2019 > FMSY) in the terminal year of the 
assessment (see Section 3.4.6 Benchmarks and Reference 
Points; see Tables 3.10 and 3.11; and see Figures 3.9 and 
3.10). 
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Assessment Process Final Report
Statement addressing each term of reference

• 8. Provide uncertainty distributions of proposed reference 
points and stock status metrics that provide the values 
indicated in the management specifications. Include probability 
density functions for reference point estimates and population 
metrics (e.g., biomass and exploitation) used to evaluate stock 
status. 

• A multivariate log-normal Monte-Carlo approach (MVLN; 
Winker et al 2019; e.g., Walter and Winker 2020) was applied 
to the Stock Synthesis (GOM + ATL) continuity analysis model 
configuration to estimate uncertainty about the stock status as 
described in Section 3.13 (Appendix 3.D). 
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Assessment Process Final Report
Statement addressing each term of reference

• 9. Project future stock conditions and develop rebuilding 
schedules, if warranted. Provide the estimated generation time 
for the stock. Stock projections shall be developed in 
accordance with the following: 
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Assessment Process Final Report
Statement addressing each term of reference

• 9. Project future stock conditions, continued.
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Assessment Process Final Report
Statement addressing each term of reference

• 9. Project future stock conditions, continued.

• Examples of projected fishery removals at the overfishing limit 
(OFL) were obtained for the Stock Synthesis reference case 
(GOM + ATL) model configuration as described in Sections 
3.3.1.14, 3.4.7, and 3.14 (Appendix 3.E). 

• Examples of projected OFL during the years 2020 – 2025 
were obtained from Stock Synthesis projections at FMSY based 
on the underlying population dynamics assumed during the 
projection period as described in Sections 3.4.7 and 3.14. 
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Assessment Process Final Report
Statement addressing each term of reference

• 11. Provide recommendations for future research and data 
collection. Emphasize items that will improve future 
assessment capabilities and reliability. Consider data, 
monitoring, and assessment needs. 

• See Section 3.6 (Recommendations for Future Research and 
Data Collection).

• 12. Complete an Assessment Workshop Report in accordance 
with project schedule deadlines.

• The Assessment Workshop Report was completed in 
accordance with project schedule deadlines.
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Break - DATA REVIEW AND UPDATE
• DC_SEDAR_77_RW_01_Assessment_History_v3(8_27_2023).pdf
• DC_SEDAR_77_RW_02_Scalloped_HH_Stock_ID_v2(08_27_2023).pdf
• DC_SEDAR_77_RW_03_Hammerhead_PRM_v2(08_27_2023).pdf
• DC_SEDAR_77_RW_04_Scalloped_HH_Catches_v2(08_27_2023).pdf
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Assessment Process Final Report 
Discussion and Decisions

2. DATA REVIEW AND UPDATE 
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Assessment Process Final Report
Discussion and Decisions

• 2.1.1 Total Commercial Catch 
• Total commercial catches of scalloped hammerheads were 

obtained for the period 1981 – 2019 from the SEDAR 77 DW 
Report (their section 3, Tables 36, 38, and 40) in pounds 
dressed weight (lb dw), converted to kilograms whole weight 
(kg ww) using conversion ratios obtained from the DW for 
each data source (Pers. Comm. E. Cortés, July 2022; Table 
2.1) and entered in Stock Synthesis in units of metric tons 
(where one mt = 1,000 kg; Table 2.1).
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Assessment Process Final Report
Discussion and Decisions

• 2.1.1 Total Commercial Catch 
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Assessment Process Final Report
Discussion and Decisions

• 2.1.2 Total Recreational Catch 
• Total recreational catches of scalloped hammerheads were 

obtained for the period 1981 – 2019 from the SEDAR 77 DW 
Report (their section 3, Tables 37, 39, and 41) in numbers 
(thousands; Table 2.2). Recreational catches were obtained 
as the sum of type A (number of fish killed or kept seen by the 
interviewer) plus type B1 (number of fish killed or kept 
reported to the interviewer by the angler). Recreational live 
post-release mortality (LPRM) was obtained as type B2 
(number of fish released alive reported by the fisher) multiplied 
by the assumed post-release mortality rate. 
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Assessment Process Final Report
Discussion and Decisions

• 2.1.2 Total Recreational Catch 
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Assessment Process Final Report
Discussion and Decisions

• 2.1.3 Commercial Discards 
• Commercial discards were included in the reference case total 

commercial catches of scalloped hammerheads obtained for 
the period 1981 – 2019 from the SEDAR 77 DW Report (their 
section 3, Tables 36, 38, and 40) and reported here in (Table 
2.1). 
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Assessment Process Final Report
Discussion and Decisions

• 2.2 Indices of Abundance 
• 2.2.1 Indices of Abundance Recommended by the DW 
• All indices of abundance recommended by the DW for use in the 

stock assessment model are described in the DW report and the 
associated DW working papers and are summarized here in 
Tables 2.3 and 2.4. Unless noted otherwise below, all indices were 
standardized using generalized linear models in a two-step delta-
lognormal approach that modeled the proportion of positive catch 
with a binomial error distribution separately from the positive catch, 
which was modeled using a lognormal distribution as described in 
the associated DW working papers identified below. The SEDAR77 
DW papers identified [in] Tables 2.3 and 2.4 are referenced in the 
first section of the DW (List of Data Workshop Working Papers). 
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Assessment Process Final Report
Discussion and Decisions

• 2.2.1 Indices of Abundance Recommended by the DW 
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Assessment Process Final Report
Discussion and Decisions

• 2.2.1 Indices of Abundance Recommended by the DW 
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Assessment Process Final Report
Discussion and Decisions

• 2.2.1 Indices of Abundance Recommended by the DW 
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Assessment Process Final Report
Discussion and Decisions

• 2.3 Life History Inputs 
• Life history data used in the stock assessment model were 

obtained directly from the DW report (Data Workshop Report 
Section 2 Life History, their Tables 1 and 6) and were 
unchanged for use in the scalloped hammerhead stock 
assessment unless noted otherwise below. 
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Assessment Process Final Report
Discussion and Decisions

• 2.3 Life History Inputs 
• 2.3.1 Estimates of Vital Rates 
• Assessment document SEDAR77-AW04 (Cortés 2022) developed vital 

rates and population dynamics parameters including Beverton-Holt 
stock-recruitment steepness (h) and natural mortality based on biological 
information provided in the Data Workshop Report. 

• For the combined regions (GOM + ATL), the median steepness 
value (0.69), along with approximate lower and upper confidence limits 
computed as the 2.5th and 97.5th percentiles (LCL = 0.44 and UCL = 
0.87) obtained from Monte Carlo simulation of vital rates with a Leslie 
matrix approach were recommended by the author for use in the Stock 
Synthesis base, low, and high productivity states of nature sensitivity 
analyses, respectively (Cortés 2022, his Table 8, Panel A; Pers. Comm. 
E. Cortés, July 2022). 
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Assessment Process Final Report
Discussion and Decisions

• 2.3 Life History Inputs 
• 2.3.1 Estimates of Vital Rates, continued. 
• Mean estimates of instantaneous natural mortality rates 

(yr-1) were obtained from six life-history invariant 
estimators (Cortés 2022, his Tables 1 – 3 and 6; Pers. 
Comm. E. Cortés, July 2022) for use in the reference case 
Stock Synthesis model (areas combined GOM+ATL; Table 2.5 
Panel A). 
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Assessment Process Final Report
Discussion and Decisions

• 2.3.1 Estimates of Vital Rates, continued. 
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Assessment Process Final Report
Discussion and Decisions

• 2.4 Length Composition Data 
• A review of the available length composition data is provided 

in the Data Workshop Report (Section 6. Length Composition). 
Length composition data sets used in the Stock Synthesis 
stock assessment model(s) are discussed in more detail below 
in Section 3. 
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Assessment Process Final Report 
Discussion and Decisions

3. Stock Assessment Model (Data)
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.1 Overview 
• Stock Synthesis (version 3.30.15.00; Methot et al. 2020) was 

implemented here using an areas as fleets approach by 
including multiple fleets within a spatially-aggregated 
assessment model (e.g., Hurtado-Ferro et al. 2014; Punt et al. 
2014).
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.1 Catch 
• 3.2.1.1. Total Commercial Catch
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.1 Catch 
• 3.2.1.2. Total Recreational Catch 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.1 Catch 
• 3.2.1.3. Commercial Discards 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.2 Indices of Abundance and Catchability 
• Indices of relative abundance during the years 1982 – 2019 

were obtained from Tables 2.3 and 2.4 above. Indices of 
relative abundance were input in Stock Synthesis (Table 3.1) 
as either population “surveys” (S1 – S5; all-ages in the 
sampled population, generally obtained offshore and generally 
not including age-0 individuals) or surveys of “recruits” (R1 –
R5; age-0 in the sampled population, generally obtained from 
near-shore bays or estuaries and further limited within 
analyses to include only age-0 data): 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.2 Indices of Abundance, continued.
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.2 Indices of Abundance, continued.
• The ten indices of relative abundance were recommended by the 

Index Working Group of the Data Workshop for use in a base 
model configuration. The annual indices of relative abundance and 
their associated annual coefficients of variation (CVs) were 
obtained from both fisheries-dependent observer programs (S1 –
S3) and fisheries-independent scientific surveys (S4, S5, R1 – R5) 
as described in Tables 2.3 and 2.4 above. 

• All “surveys” were input in Stock Synthesis as indices of relative 
abundance and assumed to have log-normally distributed annual 
error input as sqrt(ln(1+CV^2)), which is approximated by the 
annual CVs provided for each index as described in Tables 2.3 
and 2.4 above and then modified by data weighting described 
below. 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.2 Catchability (q)
• Indices of relative abundance were assumed to be 

proportional to available biomass at the middle of the calendar 
year, with constant catchability (q) (Methot and Wetzel 2013). 

• For indices without time blocks, the median unbiased 
analytical solution for q was obtained from Stock Synthesis by 
setting q equal to a constant scaling factor (Methot et al. 
2020). 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.2 Catchability (q), was estimated with time blocks for some fleets
• Index S2 (Shark-BLL-OBS)

• 1981 – 1996; 1997 – 2004 [main years]; and 2005 – 2007. 
• Index S3 (Shark-BLL-Res)

• 2008; 2009 – 2017 [main years]; and 2018 – 2019. 
• The time blocks were adapted from those previously implemented for 

both length and catchability in the relatively more data rich SEDAR 65 
Atlantic blacktip shark stock assessment (Anonymous. 2020). 

• An assumption made in SEDAR 77 was that time blocks implemented 
for fits to length composition and catchability data in SEDAR 65 resulted 
from poor fits to length data over time caused by factors not accounted 
for directly in the modelled population dynamics (e.g., management 
changes or other external factors not accounted for in the [SEDAR 65] 
population dynamics model). 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.2 Catchability (q), continued.
• Another assumption made in SEDAR 77 was that similar factors 

(e.g., management changes or other external factors not accounted 
for in the [SEDAR 65] population dynamics model) probably 
affected length composition data collected in both SEDAR 65 and 
SEDAR 77.

• Consequently, time blocks developed [for] fits to length 
composition data in the relatively more data rich SEDAR 65 stock 
assessment were be adapted here for use in the relatively more 
data poor SEDAR 77 stock assessment (E.g., Punt et al. 2011, 
2020). 

• Generally, if time blocks are required to improve fits to length 
comp, then they are also added to catchability.
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.3 Life History Data 
• Life history data were obtained from the Data Workshop Report 

(Their Section 2 Life History Table 1) for use in the reference case 
Stock Synthesis model (areas combined GOM+ATL). 

• In addition, the assessment document SEDAR77-AW04 (Cortés 
2022) developed vital rates and population dynamics parameters 
including Beverton-Holt stock-recruitment steepness (h=0.69) and 
natural mortality based on biological information provided in the 
Data Workshop Report. 

• Mean estimates of instantaneous natural mortality rates (yr-1) were 
obtained from six life-history invariant estimators (Cortés 2022, his 
Tables 1 – 3 and 6; Pers. Comm. E. Cortés, July 2022) for use in 
the reference case Stock Synthesis model (areas combined 
GOM+ATL; Table 2.5 Panel A). 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.4 Length Composition Data 
• The available length composition data are summarized in the Data 

Workshop Report (Their Section 6. Length Composition). For use 
in Stock Synthesis, the commercial and recreational gear types 
were aggregated into six ‘fleets’ (F1 – F6) with similar length 
composition as described in Tables 3.1 and 3.2. This approach is 
consistent with previous Atlantic HMS SEDAR stock assessments 
conducted in Stock Synthesis for both the Atlantic smooth dogfish 
shark (Anon. 2015) and the Atlantic blacktip shark (Anon. 2020). 
Fishery-independent length composition data were also provided 
for several fishery independent scientific surveys as described in 
Tables 3.1 and 3.2. 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.4 Length Composition Data, continued. 
• Total sample size differs in some cases between the Data 

Workshop Report (Their Section 6. Length Composition) and 
Table 3.2 because length data in Table 3.2 were limited to the 
years with catch and survey data included for the Stock 
Synthesis reference case (GOM + ATL) model configuration 
(Table 3.1). 

• Fits to length composition data by fleet and survey are 
provided in the assessment model results section. 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.2.4 Length Composition Data, continued. 
• A minimum annual sample size of 20 to 30 measured 

individuals was implemented for the Stock Synthesis reference 
case (GOM + ATL) model configuration (Table 3.2). 

• A minimum sample size was implemented in an effort to insure 
that the annual length composition data entered in the stock 
assessment model were representative of the annual 
distributions in length captured by each fleet and survey. 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.3 Model Configuration and Equations 
• 3.3.1.6. Selectivity 
• The Stock Synthesis double normal selectivity function (Stock 

Synthesis selectivity pattern 24; Methot et al. 2020) was 
implemented (Table 3.5) in the Stock Synthesis reference 
case (GOM + ATL) model configuration and fit to the available 
length composition data (35 – 250+ cm FL with a 10 cm data 
bin width) based on a review of the available length 
composition data described in the Data Workshop Report 
Section 6 Length Composition, and summarized here in 
Tables 3.1 and 3.2). 
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.3 Model Configuration and Equations 
• 3.3.1.6. Selectivity 
• Sex-specific selectivity was implemented for fleets with 

sufficient sex-specific length composition data (F1, F3, S4, 
and S5; Tables 3.2 and 3.5). Sex-specific selectivity was 
implemented as a parameter offset to the double normal 
selectivity (Methot et al. 2020).
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.3.1.6. Selectivity, continued. 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 55

Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.3.1.6. Selectivity, continued. 
• Initial selectivity parameter values were obtained by fitting the double 

normal selectivity curve by eye to the available length composition data 
separately for each fleet with the SELEX24 helper spreadsheet.1 

• If any individual selectivity parameter could not be estimated in Stock 
Synthesis, e.g., based on poor model diagnostics, then the electivity 
parameter was fixed at the value obtained externally with the SELEX24 
helper spreadsheet by setting initial values equal to those obtained with 
the SELEX24 helper spreadsheet. 

• This approach allowed for either asymptotic selectivity (logistic) or dome-
shaped selectivity to be implemented consistent with selectivity 
parameter values obtained externally to the model with the SELEX24 
helper spreadsheet while allowing a limited number of selectivity 
parameters to be estimated for each data set base on the limited 
available length composition data and the resulting model diagnostics for 
fit to data. 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 56

Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.3.1.6. Selectivity, continued. 
• Asymptotic (logistic) selectivity was proposed during the 

Assessment Process webinars for fleets that capture the largest 
sharks F1 (Com-BLL), F3 (Com-PLL), S4 (FSU-BLL), and S5 
(SEFSC-BLLS) (Table 3.5). 

• An examination of the available fishery-dependent length 
composition data obtained from observer programs identified a 
high proportion of large male sharks (> size at maturity) in both F1 
and F3. 

• Similarly, an examination of the available fishery-independent 
length composition data identified a high proportion of large male 
sharks (> size at maturity) in both S4 and S5 (e.g., as described in 
the Data Workshop Report, their Section 6 Length Composition 
and their Figure 12). 
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Break - Data Workshop Report, their Section 6
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Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.3.1.6. Selectivity, continued. 
• Preliminary model runs resulted in a large number of poorly estimated 

selectivity parameters (i.e., large gradient >1.00*10-04 or CV > 50%, highly 
correlated > 0.95 or un-correlated < 0.01, or estimated at a boundary condition). 

• Consequently, the number of estimated selectivity parameters was reduced by 
identifying and removing (or reformulating) poorly estimated selectivity 
parameters. 

• Poorly estimated selectivity time block parameters were fixed to their values 
obtained during the time block with the most data [main years]. 

• Similarly, poorly estimated sex-specific offset parameter values were fixed to 
their estimated values obtained for the other sex in the same fleet. 

• If neither of these options were available, poorly estimated selectivity 
parameters were fixed at their initial values obtained from the fit to length 
composition data obtained externally to the model with the SELEX24 helper 
spreadsheet, as described above. 
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• 3.3.1.7. Data Weighting 
• A Francis (2011) two-stage data weighting approach was implemented in 

the Stock Synthesis reference case (GOM + ATL) model configuration. 
• In stage one, a minimum average standard error, SE on the natural log 

scale, was imposed in Stock Synthesis for each CPUE series. The 
minimum SE was based on the residual variance obtained from a simple 
smoother fit to each CPUE series, on the natural log scale, outside the 
model (Francis 2011; Lee et al. 2014a, 2014b). 

• In stage two, the effective sample size (Effn) of each length composition 
data set was obtained from the residuals of the Stock Synthesis model fit 
to each length composition data set using either the Francis (2011) or 
the McAllister and Ianelli (1997) harmonic mean data weighting 
methods. The Francis (2011) and McAllister and Ianelli (1997) data 
weighting methods are reviewed in Francis (2017) and Punt (2017). Data 
weighting philosophies in fisheries stock assessment models are 
discussed in Punt et al. (2014). 
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• 3.3.1.8. Recruitment Deviation 
• The parameter representing the standard deviation in 

recruitment, σR, was not adjusted from the initial value of 0.28, 
and was also consistent with the RMSE of recruitment 
variability obtained from the Stock Synthesis report file for the 
main recruitment deviation period (0.19, 1998 – 2017). 

• Alternative sigma R (0.25 1998 – 2017) obtained from r4ss
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• 3.3.1.8. Recruitment Deviation Bias Adjustment Ramp 
• The expected recruitments require a bias adjustment so that 

the resulting recruitment level on the standard scale is mean 
unbiased (Methot and Taylor 2011). The years chosen for bias 
adjustment, and the maximum bias adjustment parameter 
value were obtained from Stock Synthesis output with the 
program r4ss from the R package r4ss (Taylor et al. 2020): 
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• 3.3.1.10. Model convergence and diagnostics 
• Model convergence was based on whether or not the Hessian 

matrix inverted (i.e., the matrix of second derivatives of the 
likelihood with respect to the parameters, from which the 
asymptotic standard error of the parameter estimates is derived). 

• Other convergence diagnostics were also evaluated. Excessive 
CVs on estimated quantities (>> 50 %) or a large final gradient 
(>1.00*10-04) were indicative of poorly estimated parameters. 

• The correlation matrix was also examined for highly correlated (> 
0.95) and un-correlated (< 0.01) parameters, which were assumed 
to be non-informative and an indication of over parameterization. 
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• 3.3.1.10. Model convergence, continued.
• Parameters estimated at a bound were a diagnostic for poorly 

estimated parameters (or poorly specified model structure). 
• Poor fits to CPUE or length composition data along with 

patterns in Pearson’s residuals of fits to CPUE or length 
composition data were diagnostics for problems with fitting the 
available data resulting from poorly estimated parameters or 
poorly specified model structure. 
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3. Stock Assessment Reference Case Model (Results)
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• 3.4.1 Measures of Overall Model Fit 
• 3.4.1.1. Model Convergence and Diagnostics 
• The Hessian matrix inverted and, consequently, was assumed to be positive 

definite. However, the maximum gradient (3.61*10-4, Late_RecrDev_2019; 
Table 3.7) along with the gradients of several other estimated parameters 
(Table 3.7) were relatively larger than expected at a converged solution 
(>1.00*10-04). Similarly, CVs of several estimated catchability and selectivity 
parameters were also relatively larger than expected at a converged solution (> 
50 %; Table 3.7), and the CV of one estimated selectivity parameter was much 
larger (>> 50 %; Table 3.7) than expected at a converged solution. However, 
the very large CV resulted from division with a value near zero (-0.02), which 
highlights the limited utility of evaluating parameters CVs as a convergence 
diagnostic. No parameters were estimated above the maximum correlation 
threshold (cormax = 0.95) or below the minimum correlation threshold (cormin = 
0.01), and no parameters were estimated on a boundary condition. 
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• 3.8 Tables 
• Table 3.1 …

DC_SEDAR_77_RW_05_01_Adapted_Assess_Web_7_Ref_Case_Model_(1_24_2023).pdf
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3. Stock Assessment Reference Case Model (Diagnostics)
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• 3.4.5 Diagnostics 
• Diagnostic results implemented for the Stock Synthesis 

GOM+ATL continuity analysis model configuration are 
provided and discussed in Section 3.14 Appendix 3.D. 
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• 3.13 Appendix 3.D Diagnostics Implemented for the Stock 
Synthesis (GOM + ATL) Continuity Analysis Model 
Configuration 

• 3.D.1. Introduction 
• Multiple diagnostics (Carvalho et al. 2021; Tables 3.D.1 and 

Table 3.D.2; e.g., Courtney et al. 2020) were implemented for 
the Stock Synthesis (GOM + ATL) continuity analysis model 
configuration, as described below. 

• . 
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DC_SEDAR_77_RW_05_02_Adapted_Web_9_Ref_Case_Diagnostics_v1(03_20_2023).pdf
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(Benchmarks and Reference Points )
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• 3.4.6 Benchmarks and Reference Points 
• Results obtained for the Stock Synthesis reference case (GOM + 

ATL) model configuration predicted that the combined GOM + ATL 
stock was not overfished (SSF2019 > MSST) and that the stock 
was not experiencing overfishing (F2019 > FMSY) in the terminal 
year of the assessment (Tables 3.10 and 3.11; Figures 3.9 and 
3.10). 

• In contrast, results obtained for the Stock Synthesis reference case 
(GOM + ATL) model configuration predicted that the combined 
GOM + ATL stock had experienced overfishing, annual total F > 
FMSY, during some years of the assessment: 1981 – 1985, 1990 –
1995, and 2003 – 2005 (Table 3.10; Figures 3.9 and 3.10). 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 73

Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.4.6 Benchmarks
and

Reference Points 
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• 3.4.6 Benchmarks
and

Reference Points 
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• 3.4.6 Benchmarks
and

Reference Points 
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• 3.4.7 Projections 
• Examples of projected fishery removals at the overfishing limit 

(OFL) were obtained for the Stock Synthesis reference case 
(GOM + ATL) model configuration as described in Section 
3.14 (Appendix 3.E). 

• Examples of projected OFL during the years 2020 – 2025 
were obtained from Stock Synthesis projections at FMSY based 
on the underlying population dynamics assumed during the 
projection period as described in Appendix 3.E.

•
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• 3.4.7 Projections 
• OFL Projections in Biomass 
• Examples of projected fishery removals in biomass (mt) at the 

overfishing limit (OFL) were obtained during the years 2020 –
2025 for commercial and recreational catch plus PRM (Figure 
3.E.1 and Table 3.E.3).

• Projected OFL (mt) was adjusted for expected average annual 
fishery removals during the gap years 2020, 2021, and 2022 
(OFL Adj-1; Figure 3.E.1 and Table 3.E.3). 
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• 3.4.7 Projections 
• OFL Projections 

in 
Biomass 
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• 3.4.7 Projections 
• OFL Projections in Biomass 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 81

Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.4.7 Projections 
• OFL Projections in Biomass 
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• 3.4.7 Projections 
• OFL Projections in Numbers 
• Examples of projected fishery removals in numbers (1000s of 

individuals) at the overfishing limit (OFL) were obtained during 
the years 2020 – 2025 for commercial and recreational catch 
plus PRM (Figure 3.E.2 and Table 3.E.4). 

• Projected OFL (mt) was adjusted for expected average annual 
fishery removals during the gap years 2020, 2021, and 2022 
(OFL Adj-1; Figure 3.E.2 and Table 3.E.4). 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 83

Assessment Process Final Report
Stock Assessment Reference Case Model

• 3.4.7 Projections 
• OFL Projections 

in 
Numbers
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• 3.4.7 Projections 
• OFL Projections in Numbers 
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(Examples of ABC Reductions from Projected OFL)
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• 3.4.7 Projections 
• Examples of ABC reductions from OFL were obtained for the 

Stock Synthesis reference case (GOM + ATL) model 
configuration and are described in Sections 3.3.1.14 and 3.14 
(Appendix 3.E). 

• Examples of average annual ABC during the years 2023, 
2024, and 2025 were obtained by using an ABC/OFL map 
(ABC = 80.4% of average OFL; Courtney and Rice 2023), 
where average OFL was computed as the average of 
projected annual OFL obtained during the years 2023, 2024, 
and 2025, as described in Appendix 3.E. 
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• 3.4.7 Projections 
• Example ABC Reduction from OFL Projections in Biomass 
• An example of the average annual ABC (mt) during the years 

2023, 2024, and 2025 (273.13 mt) was obtained for the Stock 
Synthesis reference case (GOM + ATL) model configuration 
using the ABC/OFL map (ABC = 80.4% of average OFL), 
where average OFL in biomass was computed as the average 
of projected annual OFL obtained during the years 2023, 
2024, and 2025 (Avg. OFL 2023 – 2025 = 339.54 mt). 
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• 3.4.7 Projections 
• Example ABC 

Reduction from 
OFL Projections 

in Biomass 
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• 3.4.7 Projections 
• Example ABC Reduction from OFL Projections in Numbers 
• An example of the average annual ABC (1000s of individuals) 

during the years 2023, 2024, and 2025 (14.74, 1000s) was 
obtained for the Stock Synthesis reference case (GOM + ATL) 
model configuration using the ABC/OFL map (ABC = 80.4% of 
average OFL), where average OFL in numbers was computed 
as the average of projected annual OFL obtained during the 
years 2023, 2024, and 2025 (Avg. OFL 2023 – 2025 = 18.33, 
1000s). 
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• 3.4.7 Projections 
• Example ABC 

Reduction from 
OFL Projections in 

Numbers 


