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Figure 3.49. Red snapper: Sensitivity of results to discard selectivity of age-1 fish (sensitivity runs S14 and S15).
Top panel – Ratio of F to FMSY. Bottom panel – Ratio of SSB to SSBMSY.
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Figure 3.50. Red snapper: Sensitivity of results to steepness (sensitivity runs S16 and S17). Top panel – Ratio of
F to FMSY. Bottom panel – Ratio of SSB to SSBMSY.
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Figure 3.51. Red snapper: Retrospective analysis. Sensitivity of results to terminal year of data (sensitivity runs
S18–S22). Top panel – Ratio of F to FMSY. Bottom panel – Ratio of SSB to SSBMSY.
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Figure 3.52. Red snapper: Sensitivity of results to initial stock status B1/K (sensitivity runs S23–S31). Top panel
– Ratio of F to FMSY. Bottom panel – Ratio of SSB to SSBMSY.
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Figure 3.53. Red snapper: Projection results under scenario 1—fishing mortality rate fixed at F = 0. Expected
values represented by dotted solid lines, and uncertainty represented by thin lines corresponding to 10th and
90th percentiles of 1000 replicate projections. Horizontal lines mark MSY-related quantities. Spawning stock
biomass (SSB) is at mid-year.
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Figure 3.54. Red snapper: Projection results under scenario 2—fishing mortality rate fixed at F = Fcurrent. Ex-
pected values represented by dotted solid lines, and uncertainty represented by thin lines corresponding to 10th

and 90th percentiles of 1000 replicate projections. Horizontal lines mark MSY-related quantities. Spawning
stock biomass (SSB) is at mid-year.
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Figure 3.55. Red snapper: Projection results under scenario 3—fishing mortality rate fixed at F = FMSY. Expected
values represented by dotted solid lines, and uncertainty represented by thin lines corresponding to 10th and
90th percentiles of 1000 replicate projections. Horizontal lines mark MSY-related quantities. Spawning stock
biomass (SSB) is at mid-year.
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Figure 3.56. Red snapper: Projection results under scenario 4—fishing mortality rate fixed at F = 65%FMSY.
Expected values represented by dotted solid lines, and uncertainty represented by thin lines corresponding to
10th and 90th percentiles of 1000 replicate projections. Horizontal lines mark MSY-related quantities. Spawning
stock biomass (SSB) is at mid-year.
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Figure 3.57. Red snapper: Projection results under scenario 5—fishing mortality rate fixed at F = 75%FMSY.
Expected values represented by dotted solid lines, and uncertainty represented by thin lines corresponding to
10th and 90th percentiles of 1000 replicate projections. Horizontal lines mark MSY-related quantities. Spawning
stock biomass (SSB) is at mid-year.
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Figure 3.58. Red snapper: Projection results under scenario 6—fishing mortality rate fixed at F = 85%FMSY.
Expected values represented by dotted solid lines, and uncertainty represented by thin lines corresponding to
10th and 90th percentiles of 1000 replicate projections. Horizontal lines mark MSY-related quantities. Spawning
stock biomass (SSB) is at mid-year.
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Figure 3.59. Red snapper: Projection results under scenario 7—fishing mortality rate fixed at F = Frebuild. Ex-
pected values represented by dotted solid lines, and uncertainty represented by thin lines corresponding to 10th

and 90th percentiles of 1000 replicate projections. Horizontal lines mark MSY-related quantities. Spawning
stock biomass (SSB) is at mid-year.
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Figure 3.60. Red snapper: Projection results under scenario 8—Discard-only projection with fishing mortality
rate fixed at F = Fcurrent minus commercial diving, and with release mortality rates of 0.9 in the commercial
sector and 0.4 in the headboat and general recreational sectors. Expected values represented by dotted solid
lines, and uncertainty represented by thin lines corresponding to 10th and 90th percentiles of 1000 replicate
projections. Spawning stock biomass (SSB) is at mid-year. In the SSB panel, solid horizontal line marks SSBMSY,
the rebuilding target. In the F panel, the dashed horizontal line marks the fishing rate applied, of which only a
portion (dotted solid line) leads to discard mortality. Spawning stock biomass (SSB) is at mid-year.
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Figure 3.61. Red snapper: Projection results under scenario 9—Discard-only projection with fishing mortality
rate fixed at F = Fcurrent minus commercial diving, and with release mortality rates of 0.8 in the commercial
sector and 0.2 in the headboat and general recreational sectors. Expected values represented by dotted solid
lines, and uncertainty represented by thin lines corresponding to 10th and 90th percentiles of 1000 replicate
projections. Spawning stock biomass (SSB) is at mid-year. In the SSB panel, solid horizontal line marks SSBMSY,
the rebuilding target. In the F panel, the dashed horizontal line marks the fishing rate applied, of which only a
portion (dotted solid line) leads to discard mortality.
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Figure 3.62. Red snapper: Projection results under scenario 10—Discard-only projection with fishing mortality
rate fixed at F = Fcurrent minus commercial diving, and with release mortality rates of 1.0 in the commercial
sector and 0.6 in the headboat and general recreational sectors. Expected values represented by dotted solid
lines, and uncertainty represented by thin lines corresponding to 10th and 90th percentiles of 1000 replicate
projections. Spawning stock biomass (SSB) is at mid-year. In the SSB panel, solid horizontal line marks SSBMSY,
the rebuilding target. In the F panel, the dashed horizontal line marks the fishing rate applied, of which only a
portion (dotted solid line) leads to discard mortality.
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Figure 3.63. Red snapper: Projection results under scenario 11—Discard-only projection with fishing mortality
rate fixed at F = Frebuild, given release mortality rates of 0.9 in the commercial sector and 0.4 in the headboat
and general recreational sectors. Expected values represented by dotted solid lines, and uncertainty represented
by thin lines corresponding to 10th and 90th percentiles of 1000 replicate projections. Spawning stock biomass
(SSB) is at mid-year. In the SSB panel, solid horizontal line marks SSBMSY, the rebuilding target. In the F panel,
the dashed horizontal line marks the fishing rate applied, of which only a portion (dotted solid line) leads to
discard mortality.
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Figure 3.64. Red snapper: Projection results under scenario 12—Discard-only projection with fishing mortality
rate fixed at F = Frebuild, given release mortality rates of 0.7 in the commercial sector and 0.4 in the headboat
and general recreational sectors. Expected values represented by dotted solid lines, and uncertainty represented
by thin lines corresponding to 10th and 90th percentiles of 1000 replicate projections. Spawning stock biomass
(SSB) is at mid-year. In the SSB panel, solid horizontal line marks SSBMSY, the rebuilding target. In the F panel,
the dashed horizontal line marks the fishing rate applied, of which only a portion (dotted solid line) leads to
discard mortality.
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Figure 3.65. Observed (open circles) versus modeled (solid line) weight per landed fish in the headboat fishery
for each calendar year. Sample sizes ranged from 68 to 1370 per year.
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Figure 3.66. Observed (open circles) versus modeled (solid line) weight per landed fish for the MRFSS survey in
each calendar year. Sample sizes ranged from 15 to 370 per annum.
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Figure 3.67. MRFSS landings in total weight using raw numbers of fish (solid line) and three year running
averages of numbers of landed fish. Both approaches use smoothed annual estimates of mean fish weight.

1980 1985 1990 1995 2000 2005

20
0

40
0

60
0

80
0

Year

La
nd

in
gs

 in
 to

ta
l w

ei
gh

t (
10

00
’s

)

Non−smoothed
Smoothed

SEDAR 15 SAR 1 SECTION III 158



Assessment Workshop South Atlantic Red Snapper

Figure 3.68. Assumptions about annual mean discard weight per fish, as used in fits of surplus production model.
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Figure 3.69. Surplus production model fit to headboat index: Observed (solid circles) and predicted CPUE (open
squares)
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Figure 3.70. Surplus production model fit to commercial index: Observed (solid circles) and predicted CPUE (open
squares)
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Figure 3.71. Surplus production model fit to MRFSS index: Observed (solid circles) and predicted CPUE (open
squares)
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Figure 3.72. Surplus production model estimates of fishing mortality rate and biomass relative to their MSY
benchmarks.
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Appendix A Abbreviations and symbols

Table A.1. Acronyms, abbreviations, and mathematical symbols used in this report

Symbol Meaning

AW Assessment Workshop (here, for red snapper)
ASY Average Sustainable Yield
B Total biomass of stock, conventionally on January 1r
CPUE Catch per unit effort; used after adjustment as an index of abundance
CV Coefficient of variation
DW Data Workshop (here, for red snapper)
E Exploitation rate; fraction of the biomass taken by fishing per year
EMSY Exploitation rate at which MSY can be attained
F Instantaneous rate of fishing mortality
FMSY Fishing mortality rate at which MSY can be attained
FL State of Florida
GA State of Georgia
GLM Generalized linear model
K Average size of stock when not exploited by man; carrying capacity
kg Kilogram(s); 1 kg is about 2.2 lb.
klb Thousand pounds; thousands of pounds
lb Pound(s); 1 lb is about 0.454 kg
m Meter(s); 1 m is about 3.28 feet.
M Instantaneous rate of natural (non-fishing) mortality
MARMAP Marine Resources Monitoring, Assessment, and Prediction Program, a fishery-independent data col-

lection program of SCDNR
MFMT Maximum fishing-mortality threshold; a limit reference point used in U.S. fishery management; often

based on FMSY

mm Millimeter(s); 1 inch = 25.4 mm
MRFSS Marine Recreational Fisheries Statistics Survey, a data-collection program of NMFS
MSST Minimum stock-size threshold; a limit reference point used in U.S. fishery management. The SAFMC

has defined MSST for red snapper as (1−M)SSBMSY = 0.7SSBMSY.
MSY Maximum sustainable yield (per year)
mt Metric ton(s). One mt is 1000 kg, or about 2205 lb.
N Number of fish in a stock, conventionally on January 1
NC State of North Carolina
NMFS National Marine Fisheries Service, same as “NOAA Fisheries Service”
NOAA National Oceanic and Atmospheric Administration; parent agency of NMFS
OY Optimum yield; SFA specifies that OY ≤ MSY.
PSE Proportional standard error
R Recruitment
SAFMC South Atlantic Fishery Management Council (also, Council)
SC State of South Carolina
SCDNR Department of Natural Resources of SC
SEDAR SouthEast Data Assessment and Review process
SFA Sustainable Fisheries Act; the Magnuson–Stevens Act, as amended
SL Standard length (of a fish)
SPR Spawning potential ratio
SSB Spawning stock biomass; mature biomass of males and females
SSBMSY Level of SSB at which MSY can be attained
SW Scoping workshop; first of 3 workshops in SEDAR updates
TIP Trip Interview Program, a fishery-dependent biodata collection program of NMFS
TL Total length (of a fish), as opposed to FL (fork length) or SL (standard length)
VPA Virtual population analysis, an age-structured assessment model characterized by computations

backward in time; may use abundance indices to influence the estimates
yr Year(s)
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Appendix B AD Model Builder implementation of catch-at-age assessment model

//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
//##
//## SEDAR15 Assessment: Red Snapper, October 2007
//##
//## Kyle Shertzer, NMFS, Beaufort Lab
//## Kyle.Shertzer@noaa.gov
//##
//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>

DATA_SECTION
//Create ascii file for output
//!!CLASS ofstream report1("rsresults.rep",ios::out); //create file for output

!!cout << "Starting Red Snapper Assessment Model" << endl;

// Starting and ending year of the model (year data starts)
init_int styr;
init_int endyr;

//Starting year to estimate recruitment deviation from S-R curve
init_int styr_rec_dev;

//3 periods: until ’91 no size regs, 1992-98 12inch TL, 1999-04 14inch TL
init_int endyr_period1;
init_int endyr_period2;

//Total number of ages
init_int nages;

// Vector of ages for age bins
init_ivector agebins(1,nages);

//number assessment years
//int styrR;
number nyrs;
number nyrs_rec;
//this section MUST BE INDENTED!!!
LOCAL_CALCS

nyrs=endyr-styr+1.;
nyrs_rec=endyr-styr_rec_dev+1.;

END_CALCS

//Total number of length bins for each matrix
init_int nlenbins;

// Vector of lengths for length bins (mm)(midpoint)
init_ivector lenbins(1,nlenbins);

//discard mortality constants
init_number set_Dmort_commHAL;
init_number set_Dmort_HB;
init_number set_Dmort_MRFSS;

//Total number of iterations for spr calcs
init_int n_iter_spr;
//Total number of iterations for msy calcs
init_int n_iter_msy;
//starting index of ages for exploitation rate: if model has age-0s, ages of E are (value-1) to oldest
init_int set_E_age_st;
//bias correction (set to 1.0 for no bias correction or 0.0 to compute from rec variance)
init_number set_BiasCor;
// Von Bert parameters
init_number set_Linf;
init_number set_K;
init_number set_t0;
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//CV of length at age
init_number set_len_cv;

//length(mm)-weight(whole weigt in g) relationship: W=aL^b
init_number wgtpar_a;
init_number wgtpar_b;
//weight-weight relationship:whole weight to gutted weight -- gutted=a*whole
init_number wgtpar_whole2gutted

//Female maturity and proportion female at age
init_vector maturity_f_obs(1,nages); //total maturity of females
init_vector prop_f_obs(1,nages); //proportion female at age

//#############################################################################
//###################Commercial Hook and Line fishery #########################
//CPUE
init_int styr_HAL_cpue;
init_int endyr_HAL_cpue;
init_vector obs_HAL_cpue(styr_HAL_cpue,endyr_HAL_cpue);//Observed CPUE
init_vector HAL_cpue_cv(styr_HAL_cpue,endyr_HAL_cpue); //CV of cpue

// Landings - after WW II (1000 lb whole weight)
init_int styr_commHAL_L_2;
init_int endyr_commHAL_L_2;
init_vector obs_commHAL_L_2(styr_commHAL_L_2,endyr_commHAL_L_2); //vector of observed landings by year
init_vector commHAL_L_cv_2(styr_commHAL_L_2,endyr_commHAL_L_2); //vector of CV of landings by year

// Discards (1000s)
init_int styr_commHAL_D;
init_int endyr_commHAL_D;
init_vector obs_commHAL_released(styr_commHAL_D,endyr_commHAL_D); //vector of observed releases by year, multiplied by discard mortality for fitting
init_vector commHAL_D_cv(styr_commHAL_D,endyr_commHAL_D); //vector of CV of discards by year

// Length Compositions (30mm bins)
init_int styr_commHAL_lenc;
init_int endyr_commHAL_lenc;
init_vector nsamp_commHAL_lenc(styr_commHAL_lenc,endyr_commHAL_lenc);
init_matrix obs_commHAL_lenc(styr_commHAL_lenc,endyr_commHAL_lenc,1,nlenbins);
// Age Compositions
init_int nyr_commHAL_agec;
init_ivector yrs_commHAL_agec(1,nyr_commHAL_agec);
init_vector nsamp_commHAL_agec(1,nyr_commHAL_agec);
init_matrix obs_commHAL_agec(1,nyr_commHAL_agec,1,nages);

//#############################################################################
//##############################Commercial Diving fishery ########################
// Landings (1000 lb whole weight)
init_int styr_commDV_L;
init_int endyr_commDV_L;
init_vector obs_commDV_L(styr_commDV_L,endyr_commDV_L);
init_vector commDV_L_cv(styr_commDV_L,endyr_commDV_L); //vector of CV of landings by year
// Length Compositions (30mm bins)
init_int nyr_commDV_lenc;
init_ivector yrs_commDV_lenc(1,nyr_commDV_lenc);
init_vector nsamp_commDV_lenc(1,nyr_commDV_lenc);
init_matrix obs_commDV_lenc(1,nyr_commDV_lenc,1,nlenbins);
// Age Compositions
init_int nyr_commDV_agec;
init_ivector yrs_commDV_agec(1,nyr_commDV_agec);
init_vector nsamp_commDV_agec(1,nyr_commDV_agec);
init_matrix obs_commDV_agec(1,nyr_commDV_agec,1,nages);

//#############################################################################
//################################Headboat fishery ########################################
//CPUE
init_int styr_HB_cpue;
init_int endyr_HB_cpue;
init_vector obs_HB_cpue(styr_HB_cpue,endyr_HB_cpue);//Observed CPUE
init_vector HB_cpue_cv(styr_HB_cpue,endyr_HB_cpue); //CV of cpue
// Landings (1000 lb whole weight)
init_int styr_HB_L;
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init_int endyr_HB_L;
init_vector obs_HB_L(styr_HB_L,endyr_HB_L);
init_vector HB_L_cv(styr_HB_L,endyr_HB_L);
// Discards (1000s)
init_int styr_HB_D;
init_int endyr_HB_D;
init_vector obs_HB_released(styr_HB_D,endyr_HB_D); //vector of observed releases by year, multiplied by discard mortality for fitting
init_vector HB_D_cv(styr_HB_D,endyr_HB_D); //vector of CV of discards by year
// Length Compositions (10mm bins)
init_int styr_HB_lenc;
init_int endyr_HB_lenc;
init_vector nsamp_HB_lenc(styr_HB_lenc,endyr_HB_lenc);
init_matrix obs_HB_lenc(styr_HB_lenc,endyr_HB_lenc,1,nlenbins);
// Age compositions
init_int nyr_HB_agec;
init_ivector yrs_HB_agec(1,nyr_HB_agec);
init_vector nsamp_HB_agec(1,nyr_HB_agec);
init_matrix obs_HB_agec(1,nyr_HB_agec,1,nages);

//#############################################################################
//############################MRFSS landings #################################
//CPUE
init_int styr_MRFSS_cpue;
init_int endyr_MRFSS_cpue;
init_vector obs_MRFSS_cpue(styr_MRFSS_cpue,endyr_MRFSS_cpue);//Observed CPUE
init_vector MRFSS_cpue_cv(styr_MRFSS_cpue,endyr_MRFSS_cpue); //CV of cpue
// Landings (1000 lb whole weight)
init_int styr_MRFSS_L;
init_int endyr_MRFSS_L;
init_vector obs_MRFSS_L(styr_MRFSS_L,endyr_MRFSS_L);
init_vector MRFSS_L_cv(styr_MRFSS_L,endyr_MRFSS_L);
// Discards (1000s)
init_int styr_MRFSS_D;
init_int endyr_MRFSS_D;
init_vector obs_MRFSS_released(styr_MRFSS_D,endyr_MRFSS_D); //vector of observed releases by year, multiplied by discard mortality for fitting
init_vector MRFSS_D_cv(styr_MRFSS_D,endyr_MRFSS_D); //vector of CV of discards by year
// Length Compositions (30mm bins)
init_int nyr_MRFSS_lenc;
init_ivector yrs_MRFSS_lenc(1,nyr_MRFSS_lenc);
init_vector nsamp_MRFSS_lenc(1,nyr_MRFSS_lenc);
init_matrix obs_MRFSS_lenc(1,nyr_MRFSS_lenc,1,nlenbins);
// Age Compositions
init_int styr_MRFSS_agec;
init_int endyr_MRFSS_agec;
init_vector nsamp_MRFSS_agec(styr_MRFSS_agec,endyr_MRFSS_agec);
init_matrix obs_MRFSS_agec(styr_MRFSS_agec,endyr_MRFSS_agec,1,nages);

//#############################################################################
//##################Parameter values and initial guesses #################################
//--weights for likelihood components-------------------------------------------------------------------------------
init_number set_w_L;
init_number set_w_D;
init_number set_w_lc;
init_number set_w_ac;
init_number set_w_I_HAL;
init_number set_w_I_HB;
init_number set_w_I_MRFSS;
init_number set_w_R;
init_number set_w_R_init;
init_number set_w_R_end;
init_number set_w_F;
init_number set_w_B1dB0; // weight on B1/B0
init_number set_w_fullF; //penalty for any fullF>5
init_number set_w_cvlen_dev; //penalty on cv deviations at age
init_number set_w_cvlen_diff; //penalty on first difference of cv deviations at age

//Initial guess for commercial landings bias parameter
init_number set_L_early_bias;
//Initial guess for rate of increase on q
init_number set_q_rate;
//Initial guesses or fixed values
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init_number set_steep;
//init_number set_M;
init_vector set_M(1,nages); //age-dependent: used in model
init_number set_M_constant; //age-independent: used only for MSST

//--index catchability------------------------------------------------------------------------------------------------------------
init_number set_logq_HAL; //catchability coefficient (log) for commercial logbook CPUE index
init_number set_logq_HB; //catchability coefficient (log) for the headboat index
init_number set_logq_MRFSS; //catchability coefficient (log) for MRFSS CPUE index

//--F’s--------------------------------
init_number set_log_avg_F_commHAL_2;
init_number set_log_avg_F_commDV;
init_number set_log_avg_F_HB;
init_number set_log_avg_F_MRFSS;

//--discard F’s-----------------------
init_number set_log_avg_F_commHAL_D;
init_number set_log_avg_F_HB_D;
init_number set_log_avg_F_MRFSS_D;

//Set some more initial guesses of estimated parameters
init_number set_log_R0;
init_number set_R1_mult;
init_number set_B1dB0;
init_number set_R_autocorr;

//Initial guesses of estimated selectivity parameters
init_number set_selpar_L50_commHAL1;
init_number set_selpar_slope_commHAL1;
init_number set_selpar_L502_commHAL1;
init_number set_selpar_slope2_commHAL1;
init_number set_selpar_L50_commHAL2;
init_number set_selpar_slope_commHAL2;
init_number set_selpar_L502_commHAL2;
init_number set_selpar_slope2_commHAL2;
init_number set_selpar_L50_commHAL3;
init_number set_selpar_slope_commHAL3;
init_number set_selpar_L502_commHAL3;
init_number set_selpar_slope2_commHAL3;

init_number set_selpar_L50_commDV1;
init_number set_selpar_L502_commDV1;
init_number set_selpar_slope_commDV1;
init_number set_selpar_slope2_commDV1;
//init_number set_selpar_L50_commDV2;
//init_number set_selpar_L502_commDV2;
//init_number set_selpar_slope_commDV2;
//init_number set_selpar_slope2_commDV2;

init_number set_selpar_L50_HB1;
init_number set_selpar_slope_HB1;
init_number set_selpar_L502_HB1;
init_number set_selpar_slope2_HB1;
init_number set_selpar_L50_HB2;
init_number set_selpar_slope_HB2;
init_number set_selpar_L502_HB2;
init_number set_selpar_slope2_HB2;
init_number set_selpar_L50_HB3;
init_number set_selpar_slope_HB3;
init_number set_selpar_L502_HB3;
init_number set_selpar_slope2_HB3;

init_number set_selpar_L50_MRFSS1;
init_number set_selpar_slope_MRFSS1;
init_number set_selpar_L502_MRFSS1;
init_number set_selpar_slope2_MRFSS1;
init_number set_selpar_L50_MRFSS2;
init_number set_selpar_slope_MRFSS2;
init_number set_selpar_L502_MRFSS2;
init_number set_selpar_slope2_MRFSS2;
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init_number set_selpar_L50_MRFSS3;
init_number set_selpar_slope_MRFSS3;
init_number set_selpar_L502_MRFSS3;
init_number set_selpar_slope2_MRFSS3;

init_number set_selpar_commHAL_D_age1;
init_number set_selpar_HB_D_age1;
init_number set_selpar_MRFSS_D_age1;

// #######Indices for year(iyear), age(iage),length(ilen) ###############
int iyear;
int iage;
int ilen;
int E_age_st; //starting age for exploitation rate: (value-1) to oldest

init_number end_of_data_file;
//this section MUST BE INDENTED!!!
LOCAL_CALCS

if(end_of_data_file!=999)
{

for(iyear=1; iyear<=100; iyear++)
{

cout << "*** WARNING: Data File NOT READ CORRECTLY ****" << endl;
cout << "" <<endl;

}
}
else
{
cout << "Data File read correctly" << endl;

}
END_CALCS

//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
PARAMETER_SECTION
//--------------Growth---------------------------------------------------------------------------

//init_bounded_number Linf(600,1400,2);
//init_bounded_number K(0.05,0.6,2);
//init_bounded_number t0(-2.0,0.0,2);
number Linf;
number K;
number t0;
vector wgt_g(1,nages); //whole wgt in g
vector wgt_kg(1,nages); //whole wgt in kg
vector wgt(1,nages); //whole wgt in mt
vector wgt_klb(1,nages); //whole wgt in 1000 lb
vector meanlen(1,nages); //mean length at age
number sqrt2pi;
number g2mt; //conversion of grams to metric tons
number g2kg; //conversion of grams to kg
number mt2klb; //conversion of metric tons to 1000 lb

matrix lenprob(1,nages,1,nlenbins); //distn of size at age (age-length key, 30 mm bins)
init_bounded_number log_len_cv(-5,-0.3,3);
//init_bounded_number log_len_cv(-4.6,-0.7,2) //cv expressed in log-space, bounds correspond to 0.01, 0.5
//init_bounded_dev_vector log_len_cv_dev(1,nages,-2,2,3)
vector len_cv(1,nages);

//----Predicted length and age compositions
matrix pred_commHAL_lenc(styr_commHAL_lenc,endyr_commHAL_lenc,1,nlenbins);
matrix pred_commDV_lenc(1,nyr_commDV_lenc,1,nlenbins);
matrix pred_HB_lenc(styr_HB_lenc,endyr_HB_lenc,1,nlenbins);
matrix pred_MRFSS_lenc(1,nyr_MRFSS_lenc,1,nlenbins);

matrix pred_commHAL_agec(1,nyr_commHAL_agec,1,nages);
matrix pred_commDV_agec(1,nyr_commDV_agec,1,nages);
matrix pred_HB_agec(1,nyr_HB_agec,1,nages);
matrix pred_MRFSS_agec(styr_MRFSS_agec,endyr_MRFSS_agec,1,nages);
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//nsamp_X_allyr vectors used only for R output of comps with nonconsecutive yrs
vector nsamp_commDV_lenc_allyr(styr,endyr);
vector nsamp_MRFSS_lenc_allyr(styr,endyr);
vector nsamp_commHAL_agec_allyr(styr,endyr);
vector nsamp_commDV_agec_allyr(styr,endyr);
vector nsamp_HB_agec_allyr(styr,endyr);

//-----Population-----------------------------------------------------------------------------------
matrix N(styr,endyr+1,1,nages); //Population numbers by year and age at start of yr
matrix N_mdyr(styr,endyr,1,nages); //Population numbers by year and age at mdpt of yr: used for comps and SSB
matrix B(styr,endyr+1,1,nages); //Population biomass by year and age
vector totB(styr,endyr+1); //Total biomass by year
//init_bounded_number log_R1(5,20,1); //log(Recruits) in styr
sdreport_vector SSB(styr,endyr); //Spawning biomass by year
sdreport_vector rec(styr,endyr+1); //Recruits by year
vector prop_f(1,nages); //Proportion female by age
vector maturity_f(1,nages); //Proportion of female mature at age
vector reprod(1,nages);

//---Stock-Recruit Function (Beverton-Holt, steepness parameterization)----------
init_bounded_number log_R0(5,20,1); //log(virgin Recruitment)
sdreport_number R0;
init_bounded_number steep(0.25,0.95,3); //steepness
//number steep; //uncomment to fix steepness, comment line directly above
init_bounded_dev_vector log_dev_N_rec(styr_rec_dev,endyr,-3,3,2); //log recruitment deviations
vector log_dev_R(styr,endyr+1); //used in output. equals zero except for yrs in log_dev_N_rec
number var_rec_dev; //variance of log recruitment deviations.

//Estimate from yrs with unconstrainted S-R(XXXX-XXXX)
number BiasCor; //Bias correction in equilibrium recruits
init_bounded_number R_autocorr(0,1.0,3); //autocorrelation in SR
//number R_autocorr
sdreport_number R_autocorr_sd;
sdreport_number steep_sd; //steepness for stdev report
number S0; //equal to spr_F0*R0 = virgin SSB
number B0; //equal to bpr_F0*R0 = virgin B
number B1dB0; //B1dB0 computed and used in constraint
//init_bounded_number R1_mult(0.05,1.0,1); //R(styr)=R1_mult*R0
number R1_mult; //equals B1dB0 under assumption of virgin age structure
number R1; //Recruits in styr

sdreport_number S1S0; //SSB(styr) / virgin SSB
sdreport_number popstatus; //SSB(endyr) / virgin SSB

//---Selectivity-------------------------------------------------------------------------

//Commercial hook and line
matrix sel_commHAL(styr,endyr,1,nages);
//init_bounded_number selpar_slope_commHAL1(0.5,12.0,1); //period 1
//init_bounded_number selpar_L50_commHAL1(0.1,10.,1);
//init_bounded_number selpar_slope2_commHAL1(0.0,12.0,3); //period 1
//init_bounded_number selpar_L502_commHAL1(1.0,15.0,3);
number selpar_slope_commHAL1; //period 1 is assumed same as HB and MRFSS
number selpar_L50_commHAL1;
number selpar_slope2_commHAL1; //period 1
number selpar_L502_commHAL1;
init_bounded_number selpar_slope_commHAL2(0.5,12.0,1); //period 2
init_bounded_number selpar_L50_commHAL2(0.1,10.,1);
//init_bounded_number selpar_slope2_commHAL2(0.0,12.0,3); //period 2
//init_bounded_number selpar_L502_commHAL2(1.0,15.0,3);
number selpar_slope2_commHAL2; //period 2
number selpar_L502_commHAL2;
init_bounded_number selpar_slope_commHAL3(0.5,12.0,1); //period 3
init_bounded_number selpar_L50_commHAL3(0.1,10.,1);
//init_bounded_number selpar_slope2_commHAL3(0.0,12.0,3); //period 3
//init_bounded_number selpar_L502_commHAL3(1.0,15.0,3);
number selpar_slope2_commHAL3; //period 3
number selpar_L502_commHAL3;
//init_bounded_dev_vector selpar_L50_commHAL_dev(styr_commHAL_lenc,endyr_period1,-5,5,3);
vector sel_commHAL_1(1,nages); //sel in period 1
vector sel_commHAL_2(1,nages); //sel in period 2
vector sel_commHAL_3(1,nages); //sel in period 3
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//Commercial diving
matrix sel_commDV(styr,endyr,1,nages); //time invariant
init_bounded_number selpar_slope_commDV1(0.5,12.0,1);
init_bounded_number selpar_L50_commDV1(0.1,10.,1);
init_bounded_number selpar_slope2_commDV1(0.1,12.0,3);
init_bounded_number selpar_L502_commDV1(1.0,20.0,3);
vector sel_commDV_vec(1,nages); //sel vector

//Headboat: logistic, parameters allowed to vary with period defined by size restrictions
matrix sel_HB(styr,endyr,1,nages);
init_bounded_number selpar_slope_HB1(0.5,12.0,1); //period 1
init_bounded_number selpar_L50_HB1(0.1,10.0,1);
//init_bounded_number selpar_slope2_HB1(0.1,12.0,3); //period 1
//init_bounded_number selpar_L502_HB1(1.0,20.0,3);
number selpar_slope2_HB1;
number selpar_L502_HB1;
number selpar_slope_HB2;//period 2
//init_bounded_number selpar_slope_HB2(0.5,12.0,1);
init_bounded_number selpar_L50_HB2(0.1,10.,1);
//init_bounded_number selpar_slope2_HB2(0.1,12.0,3); //period 2
//init_bounded_number selpar_L502_HB2(1.0,20.0,3);
number selpar_slope2_HB2;
number selpar_L502_HB2;
init_bounded_number selpar_slope_HB3(0.5,12.0,1); //period 3
init_bounded_number selpar_L50_HB3(0.1,10.,1);
//init_bounded_number selpar_slope2_HB3(0.1,12.0,3); //period 3
//init_bounded_number selpar_L502_HB3(1.0,20.0,3);
number selpar_slope2_HB3;
number selpar_L502_HB3;
//init_bounded_dev_vector selpar_L50_HB_dev(styr_HB_lenc,endyr_period1,-5,5,3);
vector sel_HB_1(1,nages); //sel in period 1
vector sel_HB_2(1,nages); //sel in period 2
vector sel_HB_3(1,nages); //sel in period 3

//MRFSS:
matrix sel_MRFSS(styr,endyr,1,nages);
//init_bounded_number selpar_slope_MRFSS1(0.5,9.0,1); //period 1
//init_bounded_number selpar_L50_MRFSS1(0.1,10.0,1);
//init_bounded_number selpar_slope2_MRFSS1(0.0,12.0,3); //period 1
//init_bounded_number selpar_L502_MRFSS1(1.0,15.0,3);
number selpar_slope_MRFSS1; //period 1 selectivity for MRFSS is same as HB
number selpar_L50_MRFSS1;
number selpar_slope2_MRFSS1;
number selpar_L502_MRFSS1;
number selpar_slope_MRFSS2; //period 2
//init_bounded_number selpar_slope_MRFSS2(0.5,12.0,1); //period 2
init_bounded_number selpar_L50_MRFSS2(0.1,10.,1);
//init_bounded_number selpar_slope2_MRFSS2(0.1,12.0,3); //period 2
//init_bounded_number selpar_L502_MRFSS2(1.0,20.0,3);
number selpar_slope2_MRFSS2;
number selpar_L502_MRFSS2;
init_bounded_number selpar_slope_MRFSS3(0.5,12.0,1); //period 3
init_bounded_number selpar_L50_MRFSS3(0.1,10.,1);
//init_bounded_number selpar_slope2_MRFSS3(0.1,12.0,3); //period 3
//init_bounded_number selpar_L502_MRFSS3(1.0,20.0,3);
number selpar_slope2_MRFSS3;
number selpar_L502_MRFSS3;
//init_bounded_dev_vector selpar_L50_MRFSS_dev(1981,endyr_period1,-5,5,3);
vector sel_MRFSS_2(1,nages); //sel in period 2; period 1 same as HB
vector sel_MRFSS_3(1,nages); //sel in period 3

//effort-weighted, recent selectivities
vector sel_wgted_L(1,nages); //toward landings
vector sel_wgted_D(1,nages); //toward discards
vector sel_wgted_tot(1,nages);//toward Z, landings plus deads discards
number max_sel_wgted_tot;
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//-------CPUE Predictions--------------------------------
vector pred_HAL_cpue(styr_HAL_cpue,endyr_HAL_cpue); //predicted HAL U (pounds/hook-hour)
matrix N_HAL(styr_HAL_cpue,endyr_HAL_cpue,1,nages); //used to compute HAL index
vector pred_HB_cpue(styr_HB_cpue,endyr_HB_cpue); //predicted HB U (number/angler-day)
matrix N_HB(styr_HB_cpue,endyr_HB_cpue,1,nages); //used to compute HB index
vector pred_MRFSS_cpue(styr_MRFSS_cpue,endyr_MRFSS_cpue); //predicted MRFSS U (number/1000 hook-hours)
matrix N_MRFSS(styr_MRFSS_cpue,endyr_MRFSS_cpue,1,nages); //used to compute MRFSS index

//---Catchability (CPUE q’s)----------------------------------------------------------
init_bounded_number log_q_HAL(-20,-5,1);
init_bounded_number log_q_HB(-20,-5,1);
init_bounded_number log_q_MRFSS(-20,-5,1);
//init_bounded_number q_rate(-0.1,0.1,-3);
number q_rate;

//---Landings Bias------------------------------------------------------------------
//init_bounded_number L_early_bias(0.1,10.0,3);
number L_early_bias;
number L_commHAL_bias;

//---C is landings in (numbers), L is landings in wgt (mt)--------------------------------------------------
matrix C_commHAL(styr,endyr,1,nages); //landings (numbers) at age
matrix L_commHAL(styr,endyr,1,nages); //landings (mt) at age
matrix L_commHAL_klb(styr,endyr,1,nages); //landings (1000 lb whole weight) at age
vector pred_commHAL_L_2(styr_commHAL_L_2,endyr_commHAL_L_2); //post-WWII yearly landings summed over ages

matrix C_commDV(styr,endyr,1,nages); //landings (numbers) at age
matrix L_commDV(styr,endyr,1,nages); //landings (mt) at age
matrix L_commDV_klb(styr,endyr,1,nages); //landings (1000 lb whole weight) at age
vector pred_commDV_L(styr_commDV_L,endyr_commDV_L); //yearly landings (klb) summed over ages

matrix C_HB(styr,endyr,1,nages); //landings (numbers) at age
matrix L_HB(styr,endyr,1,nages); //landings (mt) at age
matrix L_HB_klb(styr,endyr,1,nages); //landings (1000 lb whole weight) at age
vector pred_HB_L(styr_HB_L,endyr_HB_L); //yearly landings (klb) summed over ages

matrix C_MRFSS(styr,endyr,1,nages); //landings (numbers) at age
matrix L_MRFSS(styr,endyr,1,nages); //landings (mt) at age
matrix L_MRFSS_klb(styr,endyr,1,nages); //landings (1000 lb whole weight) at age
vector pred_MRFSS_L(styr_MRFSS_L,endyr_MRFSS_L); //yearly landings (klb) summed over ages

matrix C_total(styr,endyr,1,nages); //catch in number
matrix L_total(styr,endyr,1,nages); //landings in mt
vector L_total_yr(styr,endyr); //total landings (mt) by yr summed over ages

//---Discards (number dead fish) --------------------------------------------------
matrix C_commHAL_D(styr_commHAL_D,endyr_commHAL_D,1,nages);//discards (numbers) at age
vector pred_commHAL_D(styr_commHAL_D,endyr_commHAL_D); //yearly discards summed over ages
vector obs_commHAL_D(styr_commHAL_D,endyr_commHAL_D); //observed releases multiplied by discard mortality
matrix early_C_commHAL_D(styr,styr_commHAL_D-1,1,nages);//discards (numbers) at age pre-data
vector early_pred_commHAL_D(styr,styr_commHAL_D-1); //yearly discards summed over ages pre-data

matrix C_HB_D(styr_HB_D,endyr_HB_D,1,nages); //discards (numbers) at age
vector pred_HB_D(styr_HB_D,endyr_HB_D); //yearly discards summed over ages
vector obs_HB_D(styr_HB_D,endyr_HB_D); //observed releases multiplied by discard mortality
matrix early_C_HB_D(styr,styr_HB_D-1,1,nages);//discards (numbers) at age pre-data
vector early_pred_HB_D(styr,styr_HB_D-1); //yearly discards summed over ages pre-data

matrix C_MRFSS_D(styr_HB_D,endyr_MRFSS_D,1,nages); //discards (numbers) at age
vector pred_MRFSS_D(styr_MRFSS_D,endyr_MRFSS_D); //yearly discards summed over ages
vector obs_MRFSS_D(styr_MRFSS_D,endyr_MRFSS_D); //observed releases multiplied by discard mortality
matrix early_C_MRFSS_D(styr,styr_MRFSS_D-1,1,nages);//discards (numbers) at age pre-data
vector early_pred_MRFSS_D(styr,styr_MRFSS_D-1); //yearly discards summed over ages pre-data

//---MSY calcs----------------------------------------------------------------------------

number F_commHAL_prop; //proportion of F_full attributable to hal, last three yrs
number F_commDV_prop; //proportion of F_full attributable to diving, last three yrs
number F_HB_prop; //proportion of F_full attributable to headboat, last three yrs
number F_MRFSS_prop; //proportion of F_full attributable to MRFSS, last three yrs
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number F_commHAL_D_prop;//proportion of F_full attributable to hal discards, last three yrs
number F_HB_D_prop; //proportion of F_full attributable to headboat discards, last three yrs
number F_MRFSS_D_prop; //proportion of F_full attributable to MRFSS discards, last three yrs
number F_temp_sum; //sum of geom mean full Fs in last yrs, used to compute F_fishery_prop

number SSB_msy_out; //SSB at msy
number F_msy_out; //F at msy
number msy_out; //max sustainable yield
number B_msy_out; //total biomass at MSY
number E_msy_out; //exploitation rate at MSY (ages E_age_st plus)
number R_msy_out; //equilibrium recruitment at F=Fmsy
number D_msy_out; //equilibrium dead discards at F=Fmsy
number spr_msy_out; //spr at F=Fmsy

vector N_age_msy(1,nages); //numbers at age for MSY calculations: beginning of yr
vector N_age_msy_mdyr(1,nages); //numbers at age for MSY calculations: mdpt of yr
vector C_age_msy(1,nages); //catch at age for MSY calculations
vector Z_age_msy(1,nages); //total mortality at age for MSY calculations
vector D_age_msy(1,nages); //discard mortality (dead discards) at age for MSY calculations
vector F_L_age_msy(1,nages); //fishing mortality (landings, not discards) at age for MSY calculations
vector F_D_age_msy(1,nages);
vector F_msy(1,n_iter_msy); //values of full F to be used in per-recruit and equilibrium calculations
vector spr_msy(1,n_iter_msy); //reproductive capacity-per-recruit values corresponding to F values in F_msy
vector R_eq(1,n_iter_msy); //equilibrium recruitment values corresponding to F values in F_msy
vector L_eq(1,n_iter_msy); //equilibrium landings(mt) values corresponding to F values in F_msy
vector SSB_eq(1,n_iter_msy); //equilibrium reproductive capacity values corresponding to F values in F_msy
vector B_eq(1,n_iter_msy); //equilibrium biomass values corresponding to F values in F_msy
vector E_eq(1,n_iter_msy); //equilibrium exploitation rates corresponding to F values in F_msy
vector D_eq(1,n_iter_msy); //equilibrium discards (1000s) corresponding to F values in F_msy

vector FdF_msy(styr,endyr);
vector EdE_msy(styr,endyr);
vector SdSSB_msy(styr,endyr);
number SdSSB_msy_end;
number FdF_msy_end;
number EdE_msy_end;

//--------Mortality------------------------------------------------------------------
vector M(1,nages); //age-dependent natural mortality
number M_constant; //age-indpendent: used only for MSST
matrix F(styr,endyr,1,nages);
vector fullF(styr,endyr); //Fishing mortality rate by year
vector E(styr,endyr); //Exploitation rate by year
sdreport_vector fullF_sd(styr,endyr);
sdreport_vector E_sd(styr,endyr);
matrix Z(styr,endyr,1,nages);

init_bounded_number log_avg_F_commHAL_2(-10,0,1); //post-WW2
init_bounded_dev_vector log_F_dev_commHAL_2(styr_commHAL_L_2,endyr_commHAL_L_2,-10,5,1);
matrix F_commHAL(styr,endyr,1,nages);
vector F_commHAL_out(styr,endyr_commHAL_L_2); //used for intermediate calculations in fcn get_mortality
//number log_F_init_commHAL;

init_bounded_number log_avg_F_commDV(-10,0,1);
init_bounded_dev_vector log_F_dev_commDV(styr_commDV_L,endyr_commDV_L,-10,5,2);
matrix F_commDV(styr,endyr,1,nages);
vector F_commDV_out(styr,endyr_commDV_L); //used for intermediate calculations in fcn get_mortality
//number log_F_init_commDV;

init_bounded_number log_avg_F_HB(-10,0,1);
init_bounded_dev_vector log_F_dev_HB(styr_HB_L,endyr_HB_L,-10,5,2);
matrix F_HB(styr,endyr,1,nages);
vector F_HB_out(styr,endyr_HB_L); //used for intermediate calculations in fcn get_mortality
//number log_F_init_HB;

init_bounded_number log_avg_F_MRFSS(-10,0,1);
init_bounded_dev_vector log_F_dev_MRFSS(styr_MRFSS_L,endyr_MRFSS_L,-10,5,2);
matrix F_MRFSS(styr,endyr,1,nages);
vector F_MRFSS_out(styr,endyr_MRFSS_L); //used for intermediate calculations in fcn get_mortality
//number log_F_init_MRFSS;
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//--Discard mortality stuff------------------------------------------------------------------------------
init_bounded_number log_avg_F_commHAL_D(-10,0,1);
init_bounded_dev_vector log_F_dev_commHAL_D(styr_commHAL_D,endyr_commHAL_D,-10,5,2);
matrix F_commHAL_D(styr,endyr,1,nages);
vector F_commHAL_D_out(styr,endyr); //used for intermediate calculations in fcn get_mortality
number F_commHAL_D_ratio; //ratio of average discard F to fishery F, for projection discards back before data
matrix sel_commHAL_D(styr,endyr,1,nages);
vector sel_commHAL_D_dum(1,nages); //logistic version of sel for computing discard sel
number selpar_commHAL_D_age1; //discard selectivity of age

init_bounded_number log_avg_F_HB_D(-10,0,1);
init_bounded_dev_vector log_F_dev_HB_D(styr_HB_D,endyr_HB_D,-10,5,2);
matrix F_HB_D(styr,endyr,1,nages);
vector F_HB_D_out(styr,endyr); //used for intermediate calculations in fcn get_mortality
number F_HB_D_ratio; //ratio of average discard F to fishery F, for projection discards back before data
matrix sel_HB_D(styr,endyr,1,nages);
vector sel_HB_D_dum(1,nages); //logistic version of sel for computing discard sel
number selpar_HB_D_age1; //discard selectivity of age 1

init_bounded_number log_avg_F_MRFSS_D(-10,0,1);
init_bounded_dev_vector log_F_dev_MRFSS_D(styr_MRFSS_D,endyr_MRFSS_D,-10,5,2);
matrix F_MRFSS_D(styr,endyr,1,nages);
vector F_MRFSS_D_out(styr,endyr); //used for intermediate calculations in fcn get_mortality
number F_MRFSS_D_ratio; //ratio of average discard F to fishery F, for projection discards back before data
matrix sel_MRFSS_D(styr,endyr,1,nages);
vector sel_MRFSS_D_dum(1,nages); //logistic version of sel for computing discard sel
number selpar_MRFSS_D_age1; //discard selectivity of age 1

number selpar_L50_D_2; //age at 50% discard sel assumed equal to age at size limit (12in=304.8mm)
number selpar_L50_D_3; //age at 50% discard sel assumed equal to age at size limit (20in=508mm)

number Dmort_commHAL;
number Dmort_HB;
number Dmort_MRFSS;

////---Per-recruit stuff----------------------------------------------------------------------------------
vector N_age_spr(1,nages); //numbers at age for SPR calculations: beginning of year
vector N_age_spr_mdyr(1,nages); //numbers at age for SPR calculations: midyear
vector C_age_spr(1,nages); //catch at age for SPR calculations
vector Z_age_spr(1,nages); //total mortality at age for SPR calculations
vector spr_static(styr,endyr); //vector of static SPR values by year
vector F_L_age_spr(1,nages); //fishing mortality (landings, not discards) at age for SPR calculations
vector F_spr(1,n_iter_spr); //values of full F to be used in per-recruit and equilibrium calculations
vector spr_spr(1,n_iter_spr); //reporductive capacity-per-recruit values corresponding to F values in F_spr
vector L_spr(1,n_iter_spr); //landings(mt)-per-recruit values corresponding to F values in F_spr
vector E_spr(1,n_iter_spr); //exploitation rate values corresponding to F values in F_spr

vector N_spr_F0(1,nages); //Used to compute spr at F=0: midpt of year
vector N_bpr_F0(1,nages); //Used to compute bpr at F=0: start of year
number spr_F0; //Spawning biomass per recruit at F=0
number bpr_F0; //Biomass per recruit at F=0

//-------Objective function components-----------------------------------------------------------------------------
number w_L;
number w_D;
number w_lc;
number w_ac;
number w_I_HAL;
number w_I_HB;
number w_I_MRFSS;
number w_R;
number w_R_init;
number w_R_end;
number w_F;
number w_B1dB0;
number w_fullF;
number w_cvlen_dev;
number w_cvlen_diff;

number f_HAL_cpue;
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number f_HB_cpue;
number f_MRFSS_cpue;

number f_commHAL_L_2;
number f_commDV_L;
number f_HB_L;
number f_MRFSS_L;

number f_commHAL_D;
number f_HB_D;
number f_MRFSS_D;

number f_commHAL_lenc;
number f_commDV_lenc;
number f_HB_lenc;
number f_MRFSS_lenc;

number f_commHAL_agec;
number f_commDV_agec;
number f_HB_agec;
number f_MRFSS_agec;

number f_N_dev; //weight on recruitment deviations to fit S-R curve
number f_N_dev_early; //extra weight against deviations before styr
number f_N_dev_end; //extra constraint on last 3 years of recruitment variability
number f_Fend_constraint; //penalty for F deviation in last 5 years
number f_B1dB0_constraint; //penalty to fix B(styr)/K
number f_fullF_constraint; //penalty for fullF>5
number f_cvlen_dev_constraint; //deviation penalty on cv’s of length at age
number f_cvlen_diff_constraint;//first diff penalty on cv’s of length at age

objective_function_value fval;
number fval_unwgt;

//--Dummy arrays for output convenience --------------------------
vector xdum(styr,endyr);
vector xdum2(styr,endyr+1);

//--Other dummy variables ----
number sel_diff_dum;
number zero_dum;
number dzero_dum;

//init_number x_dum; //used only during model development. can be removed.

//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
INITIALIZATION_SECTION

//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
GLOBALS_SECTION

#include "admodel.h" // Include AD class definitions
#include "admb2r.cpp" // Include S-compatible output functions (needs preceding)

//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
RUNTIME_SECTION
maximum_function_evaluations 500, 2000, 10000;
convergence_criteria 1e-1, 1e-2, 1e-4;

//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
PRELIMINARY_CALCS_SECTION

// Set values of fixed parameters or set initial guess of estimated parameters
Dmort_commHAL=set_Dmort_commHAL;
Dmort_HB=set_Dmort_HB;
Dmort_MRFSS=set_Dmort_MRFSS;

obs_commHAL_D=Dmort_commHAL*obs_commHAL_released;

SEDAR 15 SAR 1 SECTION III 175



Assessment Workshop South Atlantic Red Snapper

obs_HB_D=Dmort_HB*obs_HB_released;
obs_MRFSS_D=Dmort_MRFSS*obs_MRFSS_released;

E_age_st=set_E_age_st; //E computed over ages E_age_st + [E_age_st-1+ if model starts with age 0]

Linf=set_Linf;
K=set_K;
t0=set_t0;

selpar_L50_D_2=t0-log(1.0-304.8/Linf)/K; //age at size limit: 304.8 = limit in mm
selpar_L50_D_3=t0-log(1.0-508./Linf)/K; //age at size limit: 508 = limit in mm

M=set_M;
M_constant=set_M_constant;
steep=set_steep;
log_dev_N_rec=0.0;
R_autocorr=set_R_autocorr;

log_q_HAL=set_logq_HAL;
log_q_HB=set_logq_HB;
log_q_MRFSS=set_logq_MRFSS;
q_rate=set_q_rate;

L_early_bias=set_L_early_bias;
L_commHAL_bias=1.0;

w_L=set_w_L;
w_D=set_w_D;
w_lc=set_w_lc;
w_ac=set_w_ac;
w_I_HAL=set_w_I_HAL;
w_I_HB=set_w_I_HB;
w_I_MRFSS=set_w_I_MRFSS;
w_R=set_w_R;
w_R_init=set_w_R_init;
w_R_end=set_w_R_end;
w_F=set_w_F;
w_B1dB0=set_w_B1dB0;
w_fullF=set_w_fullF;
w_cvlen_dev=set_w_cvlen_dev;
w_cvlen_diff=set_w_cvlen_diff;

log_avg_F_commHAL_2=set_log_avg_F_commHAL_2;
log_avg_F_commDV=set_log_avg_F_commDV;
log_avg_F_HB=set_log_avg_F_HB;
log_avg_F_MRFSS=set_log_avg_F_MRFSS;

log_avg_F_commHAL_D=set_log_avg_F_commHAL_D;
log_avg_F_HB_D=set_log_avg_F_HB_D;
log_avg_F_MRFSS_D=set_log_avg_F_MRFSS_D;

log_len_cv=log(set_len_cv);
log_R0=set_log_R0;
R1_mult=set_R1_mult;
B1dB0=set_B1dB0;

selpar_L50_commHAL1=set_selpar_L50_commHAL1;
selpar_slope_commHAL1=set_selpar_slope_commHAL1;
selpar_L502_commHAL1=set_selpar_L502_commHAL1;
selpar_slope2_commHAL1=set_selpar_slope2_commHAL1;
selpar_L50_commHAL2=set_selpar_L50_commHAL2;
selpar_slope_commHAL2=set_selpar_slope_commHAL2;
selpar_L502_commHAL2=set_selpar_L502_commHAL2;
selpar_slope2_commHAL2=set_selpar_slope2_commHAL2;
selpar_L50_commHAL3=set_selpar_L50_commHAL3;
selpar_slope_commHAL3=set_selpar_slope_commHAL3;
selpar_L502_commHAL3=set_selpar_L502_commHAL3;
selpar_slope2_commHAL3=set_selpar_slope2_commHAL3;

selpar_L50_commDV1=set_selpar_L50_commDV1;
selpar_L502_commDV1=set_selpar_L502_commDV1;
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selpar_slope_commDV1=set_selpar_slope_commDV1;
selpar_slope2_commDV1=set_selpar_slope2_commDV1;
//selpar_L50_commDV2=set_selpar_L50_commDV2;
//selpar_L502_commDV2=set_selpar_L502_commDV2;
//selpar_slope_commDV2=set_selpar_slope_commDV2;
//selpar_slope2_commDV2=set_selpar_slope2_commDV2;

selpar_L50_HB1=set_selpar_L50_HB1;
selpar_slope_HB1=set_selpar_slope_HB1;
selpar_L502_HB1=set_selpar_L502_HB1;
selpar_slope2_HB1=set_selpar_slope2_HB1;
selpar_L50_HB2=set_selpar_L50_HB2;
selpar_slope_HB2=set_selpar_slope_HB2;
selpar_L502_HB2=set_selpar_L502_HB2;
selpar_slope2_HB2=set_selpar_slope2_HB2;
selpar_L50_HB3=set_selpar_L50_HB3;
selpar_slope_HB3=set_selpar_slope_HB3;
selpar_L502_HB3=set_selpar_L502_HB3;
selpar_slope2_HB3=set_selpar_slope2_HB3;

selpar_L50_MRFSS1=set_selpar_L50_MRFSS1;
selpar_slope_MRFSS1=set_selpar_slope_MRFSS1;
selpar_L502_MRFSS1=set_selpar_L502_MRFSS1;
selpar_slope2_MRFSS1=set_selpar_slope2_MRFSS1;
selpar_L50_MRFSS2=set_selpar_L50_MRFSS2;
selpar_slope_MRFSS2=set_selpar_slope_MRFSS2;
selpar_L502_MRFSS2=set_selpar_L502_MRFSS2;
selpar_slope2_MRFSS2=set_selpar_slope2_MRFSS2;
selpar_L50_MRFSS3=set_selpar_L50_MRFSS3;
selpar_slope_MRFSS3=set_selpar_slope_MRFSS3;
selpar_L502_MRFSS3=set_selpar_L502_MRFSS3;
selpar_slope2_MRFSS3=set_selpar_slope2_MRFSS3;

selpar_commHAL_D_age1=set_selpar_commHAL_D_age1;
selpar_HB_D_age1=set_selpar_HB_D_age1;
selpar_MRFSS_D_age1=set_selpar_MRFSS_D_age1;

sqrt2pi=sqrt(2.*3.14159265);
g2mt=0.000001; //conversion of grams to metric tons
g2kg=0.001; //conversion of grams to kg
mt2klb=2.20462; //converstion of metric tons to 1000 lb
//df=0.001; //difference for msy derivative approximations
zero_dum=0.0;

//additive constant to prevent division by zero
dzero_dum=0.00001;

SSB_msy_out=0.0;

maturity_f=maturity_f_obs;
prop_f=prop_f_obs;

////Fill in maturity matrix for calculations for styr to styr
// for(iyear=styr; iyear<=styr-1; iyear++)
// {
// maturity_f(iyear)=maturity_f_obs;
// maturity_m(iyear)=maturity_m_obs;
// prop_m(iyear)=prop_m_obs(styr);
// prop_f(iyear)=1.0-prop_m_obs(styr);
// }
// for (iyear=styr;iyear<=endyr;iyear++)
// {
// maturity_f(iyear)=maturity_f_obs;
// maturity_m(iyear)=maturity_m_obs;
// prop_m(iyear)=prop_m_obs(iyear);
// prop_f(iyear)=1.0-prop_m_obs(iyear);
// }

//Fill in sample sizes of comps sampled in nonconsec yrs.
//Used only for output in R object

nsamp_commDV_lenc_allyr=missing; //"missing" defined in admb2r.cpp
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nsamp_MRFSS_lenc_allyr=missing;
nsamp_commHAL_agec_allyr=missing;
nsamp_commDV_agec_allyr=missing;
nsamp_HB_agec_allyr=missing;
for (iyear=1; iyear<=nyr_commDV_lenc; iyear++)

{
nsamp_commDV_lenc_allyr(yrs_commDV_lenc(iyear))=nsamp_commDV_lenc(iyear);

}
for (iyear=1; iyear<=nyr_MRFSS_lenc; iyear++)

{
nsamp_MRFSS_lenc_allyr(yrs_MRFSS_lenc(iyear))=nsamp_MRFSS_lenc(iyear);

}
for (iyear=1; iyear<=nyr_commHAL_agec; iyear++)

{
nsamp_commHAL_agec_allyr(yrs_commHAL_agec(iyear))=nsamp_commHAL_agec(iyear);

}
for (iyear=1; iyear<=nyr_commDV_agec; iyear++)

{
nsamp_commDV_agec_allyr(yrs_commDV_agec(iyear))=nsamp_commDV_agec(iyear);

}
for (iyear=1; iyear<=nyr_HB_agec; iyear++)

{
nsamp_HB_agec_allyr(yrs_HB_agec(iyear))=nsamp_HB_agec(iyear);

}

//fill in F’s, Catch matrices, and log rec dev with zero’s
F_commHAL.initialize();
C_commHAL.initialize();
F_commDV.initialize();
C_commDV.initialize();
F_HB.initialize();
C_HB.initialize();
F_MRFSS.initialize();
C_MRFSS.initialize();

F_commHAL_D.initialize();
F_HB_D.initialize();
F_MRFSS_D.initialize();

sel_commHAL_D.initialize();
sel_HB_D.initialize();
sel_MRFSS_D.initialize();

log_dev_R.initialize();

//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
TOP_OF_MAIN_SECTION

arrmblsize=20000000;
gradient_structure::set_MAX_NVAR_OFFSET(1600);
gradient_structure::set_GRADSTACK_BUFFER_SIZE(2000000);
gradient_structure::set_CMPDIF_BUFFER_SIZE(2000000);
gradient_structure::set_NUM_DEPENDENT_VARIABLES(500);

//>--><>--><>--><>--><>
//##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
PROCEDURE_SECTION

R0=mfexp(log_R0);

//cout<<"start"<<endl;
get_length_and_weight_at_age();
//cout << "got length and weight transitions" <<endl;
get_reprod();
get_length_at_age_dist();
//cout<< "got predicted length at age distribution"<<endl;
get_spr_F0();
//cout << "got F0 spr" << endl;
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get_selectivity();
//cout << "got selectivity" << endl;
get_mortality();
//cout << "got mortalities" << endl;
get_bias_corr();
//cout<< "got recruitment bias correction" << endl;
get_numbers_at_age();
//cout << "got numbers at age" << endl;
get_landings_numbers();
//cout << "got catch at age" << endl;
get_landings_wgt();
//cout << "got landings" << endl;
get_dead_discards();
//cout << "got discards" << endl;
get_indices();
//cout << "got indices" << endl;
get_length_comps();
//cout<< "got length comps"<< endl;
get_age_comps();
//cout<< "got age comps"<< endl;

evaluate_objective_function();
//cout << "objective function calculations complete" << endl;

FUNCTION get_length_and_weight_at_age
//compute mean length (mm) and weight (whole and gutted) at age

meanlen=Linf*(1.0-mfexp(-K*(agebins-t0))); //length in mm
wgt_g=wgtpar_a*pow(meanlen,wgtpar_b); //wgt in grams
wgt_kg=g2kg*wgt_g; //wgt in grams
wgt=g2mt*wgt_g; //mt of whole wgt: g2mt converts g to mt
wgt_klb=mt2klb*wgt; //1000 lb of whole wgt

FUNCTION get_reprod

//product of stuff going into reproductive capacity calcs
reprod=elem_prod(elem_prod(prop_f,maturity_f),wgt);

FUNCTION get_length_at_age_dist
//compute matrix of length at age, based on the normal distribution
for (iage=1;iage<=nages;iage++)
{

//len_cv(iage)=mfexp(log_len_cv+log_len_cv_dev(iage));
len_cv(iage)=mfexp(log_len_cv);
for (ilen=1;ilen<=nlenbins;ilen++)
{

lenprob(iage,ilen)=(mfexp(-(square(lenbins(ilen)-meanlen(iage))/
(2.*square(len_cv(iage)*meanlen(iage)))))/(sqrt2pi*len_cv(iage)*meanlen(iage)));

}
lenprob(iage)/=sum(lenprob(iage)); //standardize to account for truncated normal (i.e., no sizes<0)

}

FUNCTION get_spr_F0
//at mdyr, apply half this yr’s mortality, half next yr’s
N_spr_F0(1)=1.0*mfexp(-1.0*M(1)/2.0);//at start of yr
N_bpr_F0(1)=1.0;
for (iage=2; iage<=nages; iage++)
{

//N_spr_F0(iage)=N_spr_F0(iage-1)*mfexp(-1.0*(M(iage-1));
N_spr_F0(iage)=N_spr_F0(iage-1)*mfexp(-1.0*(M(iage-1)/2.0 + M(iage)/2.0));
N_bpr_F0(iage)=N_bpr_F0(iage-1)*mfexp(-1.0*(M(iage-1)));

}
N_spr_F0(nages)=N_spr_F0(nages)/(1.0-mfexp(-1.0*M(nages))); //plus group (sum of geometric series)
N_bpr_F0(nages)=N_bpr_F0(nages)/(1.0-mfexp(-1.0*M(nages)));

spr_F0=sum(elem_prod(N_spr_F0,reprod));
bpr_F0=sum(elem_prod(N_bpr_F0,wgt));

FUNCTION get_selectivity
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// ------- compute landings selectivities by period
selpar_L50_commHAL1=selpar_L50_HB1;
selpar_slope_commHAL1=selpar_slope_HB1;

for (iage=1; iage<=nages; iage++)
{

//sel_commHAL_1(iage)=1./(1.+mfexp(-1.*selpar_slope_commHAL1*(double(agebins(iage))-selpar_L50_commHAL1))); //logistic
sel_commHAL_1(iage)=(1./(1.+mfexp(-1.*selpar_slope_commHAL1*(double(agebins(iage))-

selpar_L50_commHAL1))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_commHAL1*
(double(agebins(iage))-(selpar_L50_commHAL1+selpar_L502_commHAL1)))))); //double logistic

//sel_commHAL_2(iage)=1./(1.+mfexp(-1.*selpar_slope_commHAL2*(double(agebins(iage))-selpar_L50_commHAL2))); //logistic
sel_commHAL_2(iage)=(1./(1.+mfexp(-1.*selpar_slope_commHAL2*(double(agebins(iage))-

selpar_L50_commHAL2))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_commHAL2*
(double(agebins(iage))-(selpar_L50_commHAL2+selpar_L502_commHAL2)))))); //double logistic

//sel_commHAL_3(iage)=1./(1.+mfexp(-1.*selpar_slope_commHAL3*(double(agebins(iage))-selpar_L50_commHAL3))); //logistic
sel_commHAL_3(iage)=(1./(1.+mfexp(-1.*selpar_slope_commHAL3*(double(agebins(iage))-

selpar_L50_commHAL3))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_commHAL3*
(double(agebins(iage))-(selpar_L50_commHAL3+selpar_L502_commHAL3)))))); //double logistic

sel_commDV_vec(iage)=(1./(1.+mfexp(-1.*selpar_slope_commDV1*(double(agebins(iage))-
selpar_L50_commDV1))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_commDV1*
(double(agebins(iage))-(selpar_L50_commDV1+selpar_L502_commDV1)))))); //double logistic

//sel_HB_1(iage)=1./(1.+mfexp(-1.*selpar_slope_HB1*(double(agebins(iage))-selpar_L50_HB1))); //logistic
sel_HB_1(iage)=(1./(1.+mfexp(-1.*selpar_slope_HB1*(double(agebins(iage))-

selpar_L50_HB1))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_HB1*
(double(agebins(iage))-(selpar_L50_HB1+selpar_L502_HB1)))))); //double logistic

//sel_HB_2(iage)=1./(1.+mfexp(-1.*selpar_slope_HB2*(double(agebins(iage))-selpar_L50_HB2))); //logistic
sel_HB_2(iage)=(1./(1.+mfexp(-1.*selpar_slope_HB2*(double(agebins(iage))-

selpar_L50_HB2))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_HB2*
(double(agebins(iage))-(selpar_L50_HB2+selpar_L502_HB2)))))); //double logistic

//sel_HB_3(iage)=1./(1.+mfexp(-1.*selpar_slope_HB3*(double(agebins(iage))-selpar_L50_HB3))); //logistic
sel_HB_3(iage)=(1./(1.+mfexp(-1.*selpar_slope_HB3*(double(agebins(iage))-

selpar_L50_HB3))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_HB3*
(double(agebins(iage))-(selpar_L50_HB3+selpar_L502_HB3)))))); //double logistic

//sel_MRFSS_2(iage)=1./(1.+mfexp(-1.*selpar_slope_MRFSS2*(double(agebins(iage))-selpar_L50_MRFSS2))); //logistic
sel_MRFSS_2(iage)=(1./(1.+mfexp(-1.*selpar_slope_MRFSS2*(double(agebins(iage))-

selpar_L50_MRFSS2))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_MRFSS2*
(double(agebins(iage))-(selpar_L50_MRFSS2+selpar_L502_MRFSS2)))))); //double logistic

//sel_MRFSS_3(iage)=1./(1.+mfexp(-1.*selpar_slope_MRFSS3*(double(agebins(iage))-selpar_L50_MRFSS3))); //logistic
sel_MRFSS_3(iage)=(1./(1.+mfexp(-1.*selpar_slope_MRFSS3*(double(agebins(iage))-

selpar_L50_MRFSS3))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_MRFSS3*
(double(agebins(iage))-(selpar_L50_MRFSS3+selpar_L502_MRFSS3)))))); //double logistic

}
sel_commHAL_1=sel_commHAL_1/max(sel_commHAL_1); //re-normalize double logistic
sel_commHAL_2=sel_commHAL_2/max(sel_commHAL_2); //re-normalize double logistic
sel_commHAL_3=sel_commHAL_3/max(sel_commHAL_3); //re-normalize double logistic
sel_commDV_vec=sel_commDV_vec/max(sel_commDV_vec); //re-normalize double logistic
sel_HB_1=sel_HB_1/max(sel_HB_1); //re-normalize double logistic
sel_HB_2=sel_HB_2/max(sel_HB_2); //re-normalize double logistic
sel_HB_3=sel_HB_3/max(sel_HB_3); //re-normalize double logistic
sel_MRFSS_2=sel_MRFSS_2/max(sel_MRFSS_2); //re-normalize double logistic
sel_MRFSS_3=sel_MRFSS_3/max(sel_MRFSS_3); //re-normalize double logistic

//-----------fill in years--------------------------------------------

for (iyear=styr; iyear<=endyr_period1; iyear++)
//period1 HAL sel assumes HB sel but shifted by that difference in L50 from period2
{

sel_commHAL(iyear)=sel_commHAL_1;
sel_commDV(iyear)=sel_commDV_vec;
sel_HB(iyear)=sel_HB_1;
sel_MRFSS(iyear)=sel_HB(iyear); //early period MRFSS same as HB

// if (iyear>=styr_HB_lenc) //selectivity in some early HB years varies
// {
// for (iage=1; iage<=nages; iage++)
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// {
// //sel_HB(iyear,iage)=1./(1.+mfexp(-1.*selpar_slope_HB1*(double(agebins(iage))
// // -(selpar_L50_HB1+selpar_L50_HB_dev(iyear))))); //logistic
// sel_HB(iyear,iage)=(1./(1.+mfexp(-1.*selpar_slope_HB1*(double(agebins(iage))-
// (selpar_L50_HB1+selpar_L50_HB_dev(iyear))))))*(1-(1./(1.+mfexp(-1.*selpar_slope2_HB1*
// (double(agebins(iage))-(selpar_L50_HB1+selpar_L502_HB1)))))); //double logistic
// }
// sel_HB(iyear)=sel_HB(iyear)/max(sel_HB(iyear)); //re-normalize double logistic
// }
// sel_MRFSS(iyear)=sel_HB(iyear); //early period MRFSS same as HB

}

for (iyear=endyr_period1+1; iyear<=endyr_period2; iyear++)
{

sel_commHAL(iyear)=sel_commHAL_2;
sel_commDV(iyear)=sel_commDV_vec;
sel_HB(iyear)=sel_HB_2;
sel_MRFSS(iyear)=sel_MRFSS_2;

}

for (iyear=endyr_period2+1; iyear<=endyr; iyear++)
{

sel_commHAL(iyear)=sel_commHAL_3;
sel_commDV(iyear)=sel_commDV_vec;
sel_HB(iyear)=sel_HB_3;
sel_MRFSS(iyear)=sel_MRFSS_3;

}

//---Discard selectivities---------------------------------
//---------------------------------------------------------

//period 1 (pre data)
// for (iage=1; iage<=nages; iage++)
// {
// sel_commHAL_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_commHAL1*
// (double(agebins(iage))-selpar_L50_commHAL1)));
// sel_HB_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_HB1*
// (double(agebins(iage))-selpar_L50_HB1)));
// sel_MRFSS_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_MRFSS1*
// (double(agebins(iage))-selpar_L50_MRFSS1)));
// }
//
// for (iyear=styr;iyear<styr_commHAL_D;iyear++)
// {
// sel_commHAL_D(iyear)=1.0-sel_commHAL_D_dum;
// sel_commHAL_D(iyear)=(sel_commHAL_D(iyear))/(max(sel_commHAL_D(iyear)));
// sel_commHAL_D(iyear,1)=selpar_commHAL_D_age1;
// sel_commHAL_D(iyear)=(sel_commHAL_D(iyear))/(max(sel_commHAL_D(iyear)));
// }
//
// for (iyear=styr;iyear<styr_HB_D;iyear++)
// {
// sel_HB_D(iyear)=1.0-sel_HB_D_dum;
// sel_HB_D(iyear)=(sel_HB_D(iyear))/(max(sel_HB_D(iyear)));
// sel_HB_D(iyear,1)=selpar_HB_D_age1;
// sel_HB_D(iyear)=(sel_HB_D(iyear))/(max(sel_HB_D(iyear)));
// }
// for (iyear=styr;iyear<styr_MRFSS_D;iyear++)
// {
// sel_MRFSS_D(iyear)=1.0-sel_MRFSS_D_dum;
// sel_MRFSS_D(iyear)=(sel_MRFSS_D(iyear))/(max(sel_MRFSS_D(iyear)));
// sel_MRFSS_D(iyear,1)=selpar_MRFSS_D_age1;
// sel_MRFSS_D(iyear)=(sel_MRFSS_D(iyear))/(max(sel_MRFSS_D(iyear)));
// }

//period 2
for (iage=1; iage<=nages; iage++)
{
sel_commHAL_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_commHAL2*
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(double(agebins(iage))-selpar_L50_D_2)));
sel_HB_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_HB2*

(double(agebins(iage))-selpar_L50_D_2)));
sel_MRFSS_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_MRFSS2*

(double(agebins(iage))-selpar_L50_D_2)));
}

for (iyear=styr_commHAL_D;iyear<=endyr_period2;iyear++)
{
sel_commHAL_D(iyear)=1.0-sel_commHAL_D_dum;
sel_commHAL_D(iyear)(2,nages)=(sel_commHAL_D(iyear)(2,nages))/(max(sel_commHAL_D(iyear)(2,nages)));
sel_commHAL_D(iyear,1)=selpar_commHAL_D_age1;
//sel_commHAL_D(iyear)=(sel_commHAL_D(iyear))/(max(sel_commHAL_D(iyear)));

}

for (iyear=styr_HB_D;iyear<=endyr_period2;iyear++)
{
sel_HB_D(iyear)=1.0-sel_HB_D_dum;
sel_HB_D(iyear)(2,nages)=(sel_HB_D(iyear)(2,nages))/(max(sel_HB_D(iyear)(2,nages)));
sel_HB_D(iyear,1)=selpar_HB_D_age1;
//sel_HB_D(iyear)=(sel_HB_D(iyear))/(max(sel_HB_D(iyear)));

}
for (iyear=styr_MRFSS_D;iyear<=endyr_period2;iyear++)

{
sel_MRFSS_D(iyear)=1.0-sel_MRFSS_D_dum;
sel_MRFSS_D(iyear)(2,nages)=(sel_MRFSS_D(iyear)(2,nages))/(max(sel_MRFSS_D(iyear)(2,nages)));
sel_MRFSS_D(iyear,1)=selpar_MRFSS_D_age1;
//sel_MRFSS_D(iyear)=(sel_MRFSS_D(iyear))/(max(sel_MRFSS_D(iyear)));

}

//period 3
for (iage=1; iage<=nages; iage++)
{
sel_commHAL_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_commHAL3*

(double(agebins(iage))-selpar_L50_D_3)));
sel_HB_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_HB3*

(double(agebins(iage))-selpar_L50_D_3)));
sel_MRFSS_D_dum(iage)=1./(1.+mfexp(-1.*selpar_slope_MRFSS3*

(double(agebins(iage))-selpar_L50_D_3)));
}

for (iyear=endyr_period2+1;iyear<=endyr_commHAL_D;iyear++)
{
sel_commHAL_D(iyear)=1.0-sel_commHAL_D_dum;
sel_commHAL_D(iyear)(2,nages)=(sel_commHAL_D(iyear)(2,nages))/(max(sel_commHAL_D(iyear)(2,nages)));
sel_commHAL_D(iyear,1)=selpar_commHAL_D_age1;
//sel_commHAL_D(iyear)=(sel_commHAL_D(iyear))/(max(sel_commHAL_D(iyear)));

}
for (iyear=endyr_period2+1;iyear<=endyr_HB_D;iyear++)

{
sel_HB_D(iyear)=1.0-sel_HB_D_dum;
sel_HB_D(iyear)(2,nages)=(sel_HB_D(iyear)(2,nages))/(max(sel_HB_D(iyear)(2,nages)));
sel_HB_D(iyear,1)=selpar_HB_D_age1;
//sel_HB_D(iyear)=(sel_HB_D(iyear))/(max(sel_HB_D(iyear)));

}
for (iyear=endyr_period2+1;iyear<=endyr_MRFSS_D;iyear++)

{
sel_MRFSS_D(iyear)=1.0-sel_MRFSS_D_dum;
sel_MRFSS_D(iyear)(2,nages)=(sel_MRFSS_D(iyear)(2,nages))/(max(sel_MRFSS_D(iyear)(2,nages)));
sel_MRFSS_D(iyear,1)=selpar_MRFSS_D_age1;
//sel_MRFSS_D(iyear)=(sel_MRFSS_D(iyear))/(max(sel_MRFSS_D(iyear)));

}

FUNCTION get_mortality
fullF=0.0;
////initialization F is avg of first 3 yrs of observed landings
//log_F_init_commHAL=sum(log_F_dev_commHAL(styr_commHAL_L,(styr_commHAL_L+2)))/3.0;
//log_F_init_commDV=sum(log_F_dev_commDV(styr_commDV_L,(styr_commDV_L+2)))/3.0;
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//log_F_init_HB=sum(log_F_dev_HB(styr_HB_L,(styr_HB_L+2)))/3.0;
//log_F_init_MRFSS=sum(log_F_dev_MRFSS(styr_MRFSS_L,(styr_MRFSS_L+2)))/3.0;

// F_commHAL_D_ratio=(sum(mfexp(log_avg_F_commHAL_D+log_F_dev_commHAL_D(styr_commHAL_D,(styr_commHAL_D+7))))/8.0)/
// (sum(mfexp(log_avg_F_commHAL_2+log_F_dev_commHAL_2(styr_commHAL_D,(styr_commHAL_D+7))))/8.0);
// F_HB_D_ratio=(sum(mfexp(log_avg_F_HB_D+log_F_dev_HB_D(styr_HB_D,(styr_HB_D+7))))/8.0)/
// (sum(mfexp(log_avg_F_HB+log_F_dev_HB(styr_HB_D,(styr_HB_D+7))))/8.0);
// F_MRFSS_D_ratio=(sum(mfexp(log_avg_F_MRFSS_D+log_F_dev_MRFSS_D(styr_MRFSS_D,(styr_MRFSS_D+7))))/8.0)/
// (sum(mfexp(log_avg_F_MRFSS+log_F_dev_MRFSS(styr_MRFSS_D,(styr_MRFSS_D+7))))/8.0);

for (iyear=styr; iyear<=endyr; iyear++)
{

if(iyear<styr_commHAL_L_2)
{

F_commHAL_out(iyear)=0.0;//mfexp(log_avg_F_commHAL+log_F_init_commHAL);
}
else
{

F_commHAL_out(iyear)=mfexp(log_avg_F_commHAL_2+log_F_dev_commHAL_2(iyear));
}
F_commHAL(iyear)=sel_commHAL(iyear)*F_commHAL_out(iyear);

fullF(iyear)+=F_commHAL_out(iyear);

if(iyear<styr_commDV_L)
{

F_commDV_out(iyear)=0.0;//mfexp(log_avg_F_commDV+log_F_init_commDV);
}
else
{

F_commDV_out(iyear)=mfexp(log_avg_F_commDV+log_F_dev_commDV(iyear));
}
F_commDV(iyear)=sel_commDV(iyear)*F_commDV_out(iyear);
fullF(iyear)+=F_commDV_out(iyear);

if(iyear<styr_HB_L)
{

F_HB_out(iyear)=0.0;//mfexp(log_avg_F_HB+log_F_init_HB);
}
else
{

F_HB_out(iyear)=mfexp(log_avg_F_HB+log_F_dev_HB(iyear));
}
F_HB(iyear)=sel_HB(iyear)*F_HB_out(iyear);

fullF(iyear)+=F_HB_out(iyear);

if(iyear<styr_MRFSS_L)
{

F_MRFSS_out(iyear)=0.0;//mfexp(log_avg_F_MRFSS+log_F_init_MRFSS);
}
else
{

F_MRFSS_out(iyear)=mfexp(log_avg_F_MRFSS+log_F_dev_MRFSS(iyear));
}
F_MRFSS(iyear)=sel_MRFSS(iyear)*F_MRFSS_out(iyear);

fullF(iyear)+=F_MRFSS_out(iyear);

//discards
if(iyear>=styr_commHAL_D)
{

F_commHAL_D_out(iyear)=mfexp(log_avg_F_commHAL_D+log_F_dev_commHAL_D(iyear));
F_commHAL_D(iyear)=sel_commHAL_D(iyear)*F_commHAL_D_out(iyear);
fullF(iyear)+=F_commHAL_D_out(iyear);

}
// else
// {
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// F_commHAL_D_out(iyear)=F_commHAL_D_ratio*F_commHAL_out(iyear);
// F_commHAL_D(iyear)=sel_commHAL_D(iyear)*F_commHAL_D_out(iyear);
// fullF(iyear)+=F_commHAL_D_out(iyear);
// }

if(iyear>=styr_HB_D)
{

F_HB_D_out(iyear)=mfexp(log_avg_F_HB_D+log_F_dev_HB_D(iyear));
F_HB_D(iyear)=sel_HB_D(iyear)*F_HB_D_out(iyear);
fullF(iyear)+=F_HB_D_out(iyear);

}
// else
// {
// F_HB_D_out(iyear)=F_HB_D_ratio*F_HB_out(iyear);
// F_HB_D(iyear)=sel_HB_D(iyear)*F_HB_D_out(iyear);
// fullF(iyear)+=F_HB_D_out(iyear);
// }

if(iyear>=styr_MRFSS_D)
{

F_MRFSS_D_out(iyear)=mfexp(log_avg_F_MRFSS_D+log_F_dev_MRFSS_D(iyear));
F_MRFSS_D(iyear)=sel_MRFSS_D(iyear)*F_MRFSS_D_out(iyear);
fullF(iyear)+=F_MRFSS_D_out(iyear);

}

// else
// {
// F_MRFSS_D_out(iyear)=F_MRFSS_D_ratio*F_MRFSS_out(iyear);
// F_MRFSS_D(iyear)=sel_MRFSS_D(iyear)*F_MRFSS_D_out(iyear);
// fullF(iyear)+=F_MRFSS_D_out(iyear);
// }

F(iyear)=F_commHAL(iyear); //first in additive series (NO +=)
F(iyear)+=F_commDV(iyear);
F(iyear)+=F_HB(iyear);
F(iyear)+=F_MRFSS(iyear);

F(iyear)+=F_commHAL_D(iyear);
F(iyear)+=F_HB_D(iyear);
F(iyear)+=F_MRFSS_D(iyear);

Z(iyear)=M+F(iyear);
}

FUNCTION get_bias_corr
var_rec_dev=norm2(log_dev_N_rec(styr_rec_dev,(endyr-2))-sum(log_dev_N_rec(styr_rec_dev,(endyr-2)))

/(nyrs_rec-2.0))/(nyrs_rec-3.0); //sample variance from yrs styr_rec_dev-2004
if (set_BiasCor <= 0.0) {BiasCor=mfexp(var_rec_dev/2.0);} //bias correction
else {BiasCor=set_BiasCor;}

FUNCTION get_numbers_at_age
//Initial age

S0=spr_F0*R0;
B0=bpr_F0*R0;
R1_mult=B1dB0;
R1=R1_mult*mfexp(log(((0.8*R0*steep*S0)/

(0.2*R0*spr_F0*(1.0-steep)+(steep-0.2)*S0))+dzero_dum));

//Assume equilibrium age structure for first year
N(styr,1)=R1;
N_mdyr(styr,1)=N(styr,1)*mfexp(-1.*M(1)/2.0);
for (iage=2; iage<=nages; iage++)
{

N(styr,iage)=N(styr,iage-1)*mfexp(-1.*M(iage-1));
N_mdyr(styr,iage)=N(styr,iage)*mfexp(-1.*M(iage)/2.0);

}
//plus group calculation
N(styr,nages)=N(styr,nages)/(1.-mfexp(-1.*M(nages)));
N_mdyr(styr,nages)=N_mdyr(styr,nages)/(1.-mfexp(-1.*M(nages)));
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SSB(styr)=sum(elem_prod(N_mdyr(styr),reprod));
B(styr)=elem_prod(N(styr),wgt);
totB(styr)=sum(B(styr));

//Rest of years
for (iyear=styr; iyear<endyr; iyear++)
{

if(iyear<(styr_rec_dev-1)) //recruitment follows S-R curve exactly
{

//add 0.00001 to avoid log(zero)
N(iyear+1,1)=BiasCor*mfexp(log(((0.8*R0*steep*SSB(iyear))/(0.2*R0*spr_F0*

(1.0-steep)+(steep-0.2)*SSB(iyear)))+dzero_dum));
N(iyear+1)(2,nages)=++elem_prod(N(iyear)(1,nages-1),(mfexp(-1.*Z(iyear)(1,nages-1))));
N(iyear+1,nages)+=N(iyear,nages)*mfexp(-1.*Z(iyear,nages));//plus group
N_mdyr(iyear+1)(1,nages)=elem_prod(N(iyear+1)(1,nages),(mfexp(-1.*(Z(iyear+1)(1,nages))/2.0))); //mdyr
SSB(iyear+1)=sum(elem_prod(N_mdyr(iyear+1),reprod));
B(iyear+1)=elem_prod(N(iyear+1),wgt);
totB(iyear+1)=sum(B(iyear+1));

}
else //recruitment follows S-R curve with lognormal deviation
{

//add 0.00001 to avoid log(zero)
N(iyear+1,1)=mfexp(log(((0.8*R0*steep*SSB(iyear))/(0.2*R0*spr_F0*

(1.0-steep)+(steep-0.2)*SSB(iyear)))+dzero_dum)+log_dev_N_rec(iyear+1));
N(iyear+1)(2,nages)=++elem_prod(N(iyear)(1,nages-1),(mfexp(-1.*Z(iyear)(1,nages-1))));
N(iyear+1,nages)+=N(iyear,nages)*mfexp(-1.*Z(iyear,nages));//plus group
N_mdyr(iyear+1)(1,nages)=elem_prod(N(iyear+1)(1,nages),(mfexp(-1.*(Z(iyear+1)(1,nages))/2.0))); //mdyr
SSB(iyear+1)=sum(elem_prod(N_mdyr(iyear+1),reprod));
B(iyear+1)=elem_prod(N(iyear+1),wgt);
totB(iyear+1)=sum(B(iyear+1));

}
}

//last year (projection) has no recruitment variability
N(endyr+1,1)=mfexp(log(((0.8*R0*steep*SSB(endyr))/(0.2*R0*spr_F0*

(1.0-steep)+(steep-0.2)*SSB(endyr)))+dzero_dum));
N(endyr+1)(2,nages)=++elem_prod(N(endyr)(1,nages-1),(mfexp(-1.*Z(endyr)(1,nages-1))));
N(endyr+1,nages)+=N(endyr,nages)*mfexp(-1.*Z(endyr,nages));//plus group
//SSB(endyr+1)=sum(elem_prod(N(endyr+1),reprod));
B(endyr+1)=elem_prod(N(endyr+1),wgt);
totB(endyr+1)=sum(B(endyr+1));

//Recruitment time series
rec=column(N,1);

//Benchmark parameters
S1S0=SSB(styr)/S0;
popstatus=SSB(endyr)/S0;

FUNCTION get_landings_numbers //Baranov catch eqn
for (iyear=styr; iyear<=endyr; iyear++)
{

for (iage=1; iage<=nages; iage++)
{

C_commHAL(iyear,iage)=N(iyear,iage)*F_commHAL(iyear,iage)*
(1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);

C_commDV(iyear,iage)=N(iyear,iage)*F_commDV(iyear,iage)*
(1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);

C_HB(iyear,iage)=N(iyear,iage)*F_HB(iyear,iage)*
(1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);

C_MRFSS(iyear,iage)=N(iyear,iage)*F_MRFSS(iyear,iage)*
(1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);

}
}

FUNCTION get_landings_wgt

//---Predicted landings------------------------
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for (iyear=styr; iyear<=endyr; iyear++)
{

L_commHAL(iyear)=elem_prod(C_commHAL(iyear),wgt); //in mt
L_commDV(iyear)=elem_prod(C_commDV(iyear),wgt); //in mt
L_HB(iyear)=elem_prod(C_HB(iyear),wgt); //in mt
L_MRFSS(iyear)=elem_prod(C_MRFSS(iyear),wgt); //in mt

L_commHAL_klb(iyear)=elem_prod(C_commHAL(iyear),wgt_klb); //in 1000 lb
L_commDV_klb(iyear)=elem_prod(C_commDV(iyear),wgt_klb); //in 1000 lb
L_HB_klb(iyear)=elem_prod(C_HB(iyear),wgt_klb); //in 1000 lb
L_MRFSS_klb(iyear)=elem_prod(C_MRFSS(iyear),wgt_klb); //in 1000 lb

}

for (iyear=styr_commHAL_L_2; iyear<=endyr_commHAL_L_2; iyear++)
{
pred_commHAL_L_2(iyear)=sum(L_commHAL_klb(iyear));

}
for (iyear=styr_commDV_L; iyear<=endyr_commDV_L; iyear++)

{
pred_commDV_L(iyear)=sum(L_commDV_klb(iyear));

}
for (iyear=styr_HB_L; iyear<=endyr_HB_L; iyear++)

{
pred_HB_L(iyear)=sum(L_HB_klb(iyear));

}
for (iyear=styr_MRFSS_L; iyear<=endyr_MRFSS_L; iyear++)

{
pred_MRFSS_L(iyear)=sum(L_MRFSS_klb(iyear));

}

FUNCTION get_dead_discards //Baranov catch eqn
//dead discards at age (number fish)

// for (iyear=styr; iyear<styr_commHAL_D; iyear++)
// {
// for (iage=1; iage<=nages; iage++)
// {
// early_C_commHAL_D(iyear,iage)=N(iyear,iage)*F_commHAL_D(iyear,iage)*
// (1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);
// }
// early_pred_commHAL_D(iyear)=sum(early_C_commHAL_D(iyear))/1000.0; //pred annual dead discards in 1000s
// }

for (iyear=styr_commHAL_D; iyear<=endyr_commHAL_D; iyear++)
{

for (iage=1; iage<=nages; iage++)
{

C_commHAL_D(iyear,iage)=N(iyear,iage)*F_commHAL_D(iyear,iage)*
(1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);

}
pred_commHAL_D(iyear)=sum(C_commHAL_D(iyear))/1000.0; //pred annual dead discards in 1000s

}

// for (iyear=styr; iyear<styr_HB_D; iyear++)
// {
// for (iage=1; iage<=nages; iage++)
// {
// early_C_HB_D(iyear,iage)=N(iyear,iage)*F_HB_D(iyear,iage)*
// (1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);
// }
// early_pred_HB_D(iyear)=sum(early_C_HB_D(iyear))/1000.0; //pred annual dead discards in 1000s
// }

for (iyear=styr_HB_D; iyear<=endyr_HB_D; iyear++)
{

for (iage=1; iage<=nages; iage++)
{

C_HB_D(iyear,iage)=N(iyear,iage)*F_HB_D(iyear,iage)*
(1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);

}
pred_HB_D(iyear)=sum(C_HB_D(iyear))/1000.0; //pred annual dead discards in 1000s

}
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// for (iyear=styr; iyear<styr_MRFSS_D; iyear++)
// {
// for (iage=1; iage<=nages; iage++)
// {
// early_C_MRFSS_D(iyear,iage)=N(iyear,iage)*F_MRFSS_D(iyear,iage)*
// (1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);
// }
// early_pred_MRFSS_D(iyear)=sum(early_C_MRFSS_D(iyear))/1000.0; //pred annual dead discards in 1000s
// }

for (iyear=styr_MRFSS_D; iyear<=endyr_MRFSS_D; iyear++)
{

for (iage=1; iage<=nages; iage++)
{

C_MRFSS_D(iyear,iage)=N(iyear,iage)*F_MRFSS_D(iyear,iage)*
(1.-mfexp(-1.*Z(iyear,iage)))/Z(iyear,iage);

}
pred_MRFSS_D(iyear)=sum(C_MRFSS_D(iyear))/1000.0; //pred annual dead discards in 1000s

}

FUNCTION get_indices
//---Predicted CPUEs------------------------
//Hook and line Logbook cpue
for (iyear=styr_HAL_cpue; iyear<=endyr_HAL_cpue; iyear++)
{ //index in whole wgt (lb) units, wgt_klb in 1000 lb, but the multiplier (1000) is absorbed by q

N_HAL(iyear)=elem_prod(elem_prod(N_mdyr(iyear),sel_commHAL(iyear)),wgt_klb);
pred_HAL_cpue(iyear)=mfexp(log_q_HAL)*(1+(iyear-styr_HAL_cpue)*q_rate)*sum(N_HAL(iyear));
//pred_HAL_cpue(iyear)=mfexp(log_q_HAL)*sum(N_HAL(iyear));

}
//Headboat cpue
for (iyear=styr_HB_cpue; iyear<=endyr_HB_cpue; iyear++)
{ //index in number units

N_HB(iyear)=elem_prod(N_mdyr(iyear),sel_HB(iyear));
pred_HB_cpue(iyear)=mfexp(log_q_HB)*(1+(iyear-styr_HB_cpue)*q_rate)*sum(N_HB(iyear));
//pred_HB_cpue(iyear)=mfexp(log_q_HB)*sum(N_HB(iyear));

}
//MRFSS cpue
for (iyear=styr_MRFSS_cpue; iyear<=endyr_MRFSS_cpue; iyear++)
{ //index in number units

N_MRFSS(iyear)=elem_prod(N_mdyr(iyear),sel_MRFSS(iyear));
pred_MRFSS_cpue(iyear)=mfexp(log_q_MRFSS)*(1+(iyear-styr_MRFSS_cpue)*q_rate)*sum(N_MRFSS(iyear));
//pred_MRFSS_cpue(iyear)=mfexp(log_q_MRFSS)*sum(N_MRFSS(iyear));

}

FUNCTION get_length_comps
//Commercial
for (iyear=styr_commHAL_lenc;iyear<=endyr_commHAL_lenc;iyear++)
{

pred_commHAL_lenc(iyear)=(C_commHAL(iyear)*lenprob)/sum(C_commHAL(iyear));
}
for (iyear=1;iyear<=nyr_commDV_lenc;iyear++)
{

pred_commDV_lenc(iyear)=(C_commDV(yrs_commDV_lenc(iyear))*lenprob)
/sum(C_commDV(yrs_commDV_lenc(iyear)));

}
//Headboat
for (iyear=styr_HB_lenc;iyear<=endyr_HB_lenc;iyear++)
{

pred_HB_lenc(iyear)=(C_HB(iyear)*lenprob)/sum(C_HB(iyear));
}

//MRFSS
for (iyear=1;iyear<=nyr_MRFSS_lenc;iyear++)
{

pred_MRFSS_lenc(iyear)=(C_MRFSS(yrs_MRFSS_lenc(iyear))*lenprob)
/sum(C_MRFSS(yrs_MRFSS_lenc(iyear)));

}

FUNCTION get_age_comps
//Commercial
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for (iyear=1;iyear<=nyr_commHAL_agec;iyear++)
{

pred_commHAL_agec(iyear)=C_commHAL(yrs_commHAL_agec(iyear))/
sum(C_commHAL(yrs_commHAL_agec(iyear)));

}
for (iyear=1;iyear<=nyr_commDV_agec;iyear++)
{

pred_commDV_agec(iyear)=C_commDV(yrs_commDV_agec(iyear))/
sum(C_commDV(yrs_commDV_agec(iyear)));

}
//Headboat
for (iyear=1;iyear<=nyr_HB_agec;iyear++)
{

pred_HB_agec(iyear)=C_HB(yrs_HB_agec(iyear))/
sum(C_HB(yrs_HB_agec(iyear)));

}
//MRFSS
for (iyear=styr_MRFSS_agec;iyear<=endyr_MRFSS_agec;iyear++)
{

pred_MRFSS_agec(iyear)=C_MRFSS(iyear)/sum(C_MRFSS(iyear));
}

//--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FUNCTION get_sel_weighted_current

F_temp_sum=0.0;
F_temp_sum+=mfexp((3.0*log_avg_F_commHAL_2+sum(log_F_dev_commHAL_2(endyr-2,endyr)))/3.0);
F_temp_sum+=mfexp((3.0*log_avg_F_commDV+sum(log_F_dev_commDV(endyr-2,endyr)))/3.0);
F_temp_sum+=mfexp((3.0*log_avg_F_HB+sum(log_F_dev_HB(endyr-2,endyr)))/3.0);
F_temp_sum+=mfexp((3.0*log_avg_F_MRFSS+sum(log_F_dev_MRFSS(endyr-2,endyr)))/3.0);
F_temp_sum+=mfexp((3.0*log_avg_F_commHAL_D+sum(log_F_dev_commHAL_D(endyr-2,endyr)))/3.0);
F_temp_sum+=mfexp((3.0*log_avg_F_HB_D+sum(log_F_dev_HB_D(endyr-2,endyr)))/3.0);
F_temp_sum+=mfexp((3.0*log_avg_F_MRFSS_D+sum(log_F_dev_MRFSS_D(endyr-2,endyr)))/3.0);

F_commHAL_prop=mfexp((3.0*log_avg_F_commHAL_2+sum(log_F_dev_commHAL_2(endyr-2,endyr)))/3.0)/F_temp_sum;
F_commDV_prop=mfexp((3.0*log_avg_F_commDV+sum(log_F_dev_commDV(endyr-2,endyr)))/3.0)/F_temp_sum;
F_HB_prop=mfexp((3.0*log_avg_F_HB+sum(log_F_dev_HB(endyr-2,endyr)))/3.0)/F_temp_sum;
F_MRFSS_prop=mfexp((3.0*log_avg_F_MRFSS+sum(log_F_dev_MRFSS(endyr-2,endyr)))/3.0)/F_temp_sum;
F_commHAL_D_prop=mfexp((3.0*log_avg_F_commHAL_D+sum(log_F_dev_commHAL_D(endyr-2,endyr)))/3.0)/F_temp_sum;
F_HB_D_prop=mfexp((3.0*log_avg_F_HB_D+sum(log_F_dev_HB_D(endyr-2,endyr)))/3.0)/F_temp_sum;
F_MRFSS_D_prop=mfexp((3.0*log_avg_F_MRFSS_D+sum(log_F_dev_MRFSS_D(endyr-2,endyr)))/3.0)/F_temp_sum;

sel_wgted_L=F_commHAL_prop*sel_commHAL(endyr)+
F_commDV_prop*sel_commDV(endyr)+
F_HB_prop*sel_HB(endyr)+
F_MRFSS_prop*sel_MRFSS(endyr);

sel_wgted_D=F_commHAL_D_prop*sel_commHAL_D(endyr)+
F_HB_D_prop*sel_HB_D(endyr)+
F_MRFSS_D_prop*sel_MRFSS_D(endyr);

sel_wgted_tot=sel_wgted_L+sel_wgted_D;

max_sel_wgted_tot=max(sel_wgted_tot);
sel_wgted_tot/=max_sel_wgted_tot;
sel_wgted_L/=max_sel_wgted_tot; //landings sel bumped up by same amount as total sel
sel_wgted_D/=max_sel_wgted_tot;

FUNCTION get_msy

//fill in Fs for per-recruit stuff
F_msy.fill_seqadd(0,.001);

//compute values as functions of F
for(int ff=1; ff<=n_iter_msy; ff++)
{

//uses fishery-weighted F’s
Z_age_msy=0.0;
F_L_age_msy=0.0;
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F_D_age_msy=0.0;

F_L_age_msy=F_msy(ff)*sel_wgted_L;
F_D_age_msy=F_msy(ff)*sel_wgted_D;
Z_age_msy=M+F_L_age_msy+F_D_age_msy;

N_age_msy(1)=1.0;
for (iage=2; iage<=nages; iage++)
{

N_age_msy(iage)=N_age_msy(iage-1)*mfexp(-1.*Z_age_msy(iage-1));
}
N_age_msy(nages)=N_age_msy(nages)/(1.0-mfexp(-1.*Z_age_msy(nages)));
N_age_msy_mdyr(1,(nages-1))=elem_prod(N_age_msy(1,(nages-1)),

mfexp((-1.*Z_age_msy(1,(nages-1)))/2.0));
N_age_msy_mdyr(nages)=(N_age_msy_mdyr(nages-1)*

(mfexp(-1.*(Z_age_msy(nages-1)/2 + Z_age_msy(nages)/2) )))
/(1.0-mfexp(-1.*Z_age_msy(nages)));

spr_msy(ff)=sum(elem_prod(N_age_msy_mdyr,reprod));

//Compute equilibrium values of R (including bias correction), SSB and Yield at each F
R_eq(ff)=(R0/((5.0*steep-1.0)*spr_msy(ff)))*

(BiasCor*4.0*steep*spr_msy(ff)-spr_F0*(1.0-steep));
if (R_eq(ff)<dzero_dum) {R_eq(ff)=dzero_dum;}
N_age_msy*=R_eq(ff);
N_age_msy_mdyr*=R_eq(ff);

for (iage=1; iage<=nages; iage++)
{

C_age_msy(iage)=N_age_msy(iage)*(F_L_age_msy(iage)/Z_age_msy(iage))*
(1.-mfexp(-1.*Z_age_msy(iage)));

D_age_msy(iage)=N_age_msy(iage)*(F_D_age_msy(iage)/Z_age_msy(iage))*
(1.-mfexp(-1.0*Z_age_msy(iage)));

}

SSB_eq(ff)=sum(elem_prod(N_age_msy_mdyr,reprod));
B_eq(ff)=sum(elem_prod(N_age_msy,wgt));
L_eq(ff)=sum(elem_prod(C_age_msy,wgt));
E_eq(ff)=sum(C_age_msy(E_age_st,nages))/sum(N_age_msy(E_age_st,nages));
D_eq(ff)=sum(D_age_msy)/1000.0;

}

msy_out=max(L_eq);

for(ff=1; ff<=n_iter_msy; ff++)
{
if(L_eq(ff) == msy_out)

{
SSB_msy_out=SSB_eq(ff);
B_msy_out=B_eq(ff);
R_msy_out=R_eq(ff);
D_msy_out=D_eq(ff);
E_msy_out=E_eq(ff);
F_msy_out=F_msy(ff);
spr_msy_out=spr_msy(ff);

}
}

//--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FUNCTION get_miscellaneous_stuff

//compute total catch-at-age and landings
C_total=(C_HB+C_MRFSS+C_commHAL+C_commDV); //catch in number fish
L_total=L_HB+L_MRFSS+L_commHAL+L_commDV; //landings in mt whole weight

//compute exploitation rate of age E_age_st +
for(iyear=styr; iyear<=endyr; iyear++)
{

E(iyear)=(sum(C_total(iyear)(E_age_st,nages)))/sum(N(iyear)(E_age_st,nages)); //catch in 1000s
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L_total_yr(iyear)=sum(L_total(iyear));
}

steep_sd=steep;
fullF_sd=fullF;
E_sd=E;

if(E_msy_out>0)
{

EdE_msy=E/E_msy_out;
EdE_msy_end=EdE_msy(endyr);

}
if(F_msy_out>0)

{
FdF_msy=fullF/F_msy_out;
FdF_msy_end=FdF_msy(endyr);

}
if(SSB_msy_out>0)

{
SdSSB_msy=SSB/SSB_msy_out;
SdSSB_msy_end=SdSSB_msy(endyr);

}

//fill in log recruitment deviations for yrs they are nonzero
for(iyear=styr_rec_dev; iyear<=endyr; iyear++)
{
log_dev_R(iyear)=log_dev_N_rec(iyear);

}

//--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FUNCTION get_per_recruit_stuff

//static per-recruit stuff

for(iyear=styr; iyear<=endyr; iyear++)
{

N_age_spr(1)=1.0;
for(iage=2; iage<=nages; iage++)
{

N_age_spr(iage)=N_age_spr(iage-1)*mfexp(-1.*Z(iyear,iage-1));
}
N_age_spr(nages)=N_age_spr(nages)/(1.0-mfexp(-1.*Z(iyear,nages)));
N_age_spr_mdyr(1,(nages-1))=elem_prod(N_age_spr(1,(nages-1)),

mfexp(-1.*Z(iyear)(1,(nages-1))/2.0));
N_age_spr_mdyr(nages)=(N_age_spr_mdyr(nages-1)*

(mfexp(-1.*(Z(iyear)(nages-1)/2.0 + Z(iyear)(nages)/2.0) )))
/(1.0-mfexp(-1.*Z_age_msy(nages)));

spr_static(iyear)=sum(elem_prod(N_age_spr_mdyr,reprod))/spr_F0;
}

//fill in Fs for per-recruit stuff
F_spr.fill_seqadd(0,.01);
//compute SSB/R and YPR as functions of F
for(int ff=1; ff<=n_iter_spr; ff++)
{

//uses fishery-weighted F’s, same as in MSY calculations
Z_age_spr=0.0;
F_L_age_spr=0.0;

F_L_age_spr=F_spr(ff)*sel_wgted_L;

Z_age_spr=M+F_L_age_spr+F_spr(ff)*sel_wgted_D;

N_age_spr(1)=1.0;
for (iage=2; iage<=nages; iage++)
{

N_age_spr(iage)=N_age_spr(iage-1)*mfexp(-1.*Z_age_spr(iage-1));
}
N_age_spr(nages)=N_age_spr(nages)/(1-mfexp(-1.*Z_age_spr(nages)));
N_age_spr_mdyr(1,(nages-1))=elem_prod(N_age_spr(1,(nages-1)),

mfexp((-1.*Z_age_spr(1,(nages-1)))/2.0));
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N_age_spr_mdyr(nages)=(N_age_spr_mdyr(nages-1)*
(mfexp(-1.*(Z_age_spr(nages-1)/2 + Z_age_spr(nages)/2) )))
/(1.0-mfexp(-1.*Z_age_spr(nages)));

spr_spr(ff)=sum(elem_prod(N_age_spr_mdyr,reprod));
L_spr(ff)=0.0;
for (iage=1; iage<=nages; iage++)
{

C_age_spr(iage)=N_age_spr(iage)*(F_L_age_spr(iage)/Z_age_spr(iage))*
(1.-mfexp(-1.*Z_age_spr(iage)));

L_spr(ff)+=C_age_spr(iage)*wgt(iage);
}
E_spr(ff)=sum(C_age_spr(E_age_st,nages))/sum(N_age_spr(E_age_st,nages));

}

//--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

FUNCTION evaluate_objective_function
fval=0.0;
fval_unwgt=0.0;

//---likelihoods---------------------------
//fval=square(x_dum-3.0);

//---Indices-------------------------------
f_HAL_cpue=0.0;
for (iyear=styr_HAL_cpue; iyear<=endyr_HAL_cpue; iyear++)
{

f_HAL_cpue+=square(log((pred_HAL_cpue(iyear)+dzero_dum)/
(obs_HAL_cpue(iyear)+dzero_dum)))/(2.0*square(HAL_cpue_cv(iyear)));

}
fval+=w_I_HAL*f_HAL_cpue;
fval_unwgt+=f_HAL_cpue;

f_HB_cpue=0.0;
for (iyear=styr_HB_cpue; iyear<=endyr_HB_cpue; iyear++)
{

f_HB_cpue+=square(log((pred_HB_cpue(iyear)+dzero_dum)/
(obs_HB_cpue(iyear)+dzero_dum)))/(2.0*square(HB_cpue_cv(iyear)));

}
fval+=w_I_HB*f_HB_cpue;
fval_unwgt+=f_HB_cpue;

f_MRFSS_cpue=0.0;
for (iyear=styr_MRFSS_cpue; iyear<=endyr_MRFSS_cpue; iyear++)
{

f_MRFSS_cpue+=square(log((pred_MRFSS_cpue(iyear)+dzero_dum)/
(obs_MRFSS_cpue(iyear)+dzero_dum)))/(2.0*square(MRFSS_cpue_cv(iyear)));

}
fval+=w_I_MRFSS*f_MRFSS_cpue;
fval_unwgt+=f_MRFSS_cpue;

//---Landings-------------------------------

f_commHAL_L_2=0.0; //in 1000s gutted pounds
for (iyear=styr_commHAL_L_2; iyear<=endyr_commHAL_L_2; iyear++)
{

f_commHAL_L_2+=square(log((pred_commHAL_L_2(iyear)+dzero_dum)/
(obs_commHAL_L_2(iyear)+dzero_dum)))/(2.0*square(commHAL_L_cv_2(iyear)));

}
fval+=w_L*f_commHAL_L_2;
fval_unwgt+=f_commHAL_L_2;

f_commDV_L=0.0; //in 1000s gutted pounds
for (iyear=styr_commDV_L; iyear<=endyr_commDV_L; iyear++)
{

f_commDV_L+=square(log((pred_commDV_L(iyear)+dzero_dum)/
(obs_commDV_L(iyear)+dzero_dum)))/(2.0*square(commDV_L_cv(iyear)));
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}
fval+=w_L*f_commDV_L;
fval_unwgt+=f_commDV_L;

f_HB_L=0.0; //in 1000s
for (iyear=styr_HB_L; iyear<=endyr_HB_L; iyear++)
{

f_HB_L+=square(log((pred_HB_L(iyear)+dzero_dum)/
(obs_HB_L(iyear)+dzero_dum)))/(2.0*square(HB_L_cv(iyear)));

}
fval+=w_L*f_HB_L;
fval_unwgt+=f_HB_L;

f_MRFSS_L=0.0; //in 1000s
for (iyear=styr_MRFSS_L; iyear<=1980; iyear++)
{

f_MRFSS_L+=square(log((pred_MRFSS_L(iyear)+dzero_dum)/
(L_early_bias*obs_MRFSS_L(iyear)+dzero_dum)))/(2.0*square(MRFSS_L_cv(iyear)));

}
for (iyear=1981; iyear<=endyr_MRFSS_L; iyear++)
{

f_MRFSS_L+=square(log((pred_MRFSS_L(iyear)+dzero_dum)/
(obs_MRFSS_L(iyear)+dzero_dum)))/(2.0*square(MRFSS_L_cv(iyear)));

}
fval+=w_L*f_MRFSS_L;
fval_unwgt+=f_MRFSS_L;

//---Discards-------------------------------
f_commHAL_D=0.0; //in 1000s
for (iyear=styr_commHAL_D; iyear<=endyr_commHAL_D; iyear++)
{

f_commHAL_D+=square(log((pred_commHAL_D(iyear)+dzero_dum)/
(obs_commHAL_D(iyear)+dzero_dum)))/(2.0*square(commHAL_D_cv(iyear)));

}
fval+=w_D*f_commHAL_D;
fval_unwgt+=f_commHAL_D;

f_HB_D=0.0; //in 1000s
for (iyear=styr_HB_D; iyear<=endyr_HB_D; iyear++)
{

f_HB_D+=square(log((pred_HB_D(iyear)+dzero_dum)/
(obs_HB_D(iyear)+dzero_dum)))/(2.0*square(HB_D_cv(iyear)));

}
fval+=w_D*f_HB_D;
fval_unwgt+=f_HB_D;

f_MRFSS_D=0.0; //in 1000s
for (iyear=styr_MRFSS_D; iyear<=endyr_MRFSS_D; iyear++)
{

f_MRFSS_D+=square(log((pred_MRFSS_D(iyear)+dzero_dum)/
(obs_MRFSS_D(iyear)+dzero_dum)))/(2.0*square(MRFSS_D_cv(iyear)));

}
fval+=w_D*f_MRFSS_D;
fval_unwgt+=f_MRFSS_D;

//---Length comps-------------------------------
f_commHAL_lenc=0.0;
for (iyear=styr_commHAL_lenc; iyear<=endyr_commHAL_lenc; iyear++)
{

f_commHAL_lenc-=nsamp_commHAL_lenc(iyear)*
sum( elem_prod((obs_commHAL_lenc(iyear)+dzero_dum),

log(elem_div((pred_commHAL_lenc(iyear)+dzero_dum),
(obs_commHAL_lenc(iyear)+dzero_dum)))));

}
fval+=w_lc*f_commHAL_lenc;
fval_unwgt+=f_commHAL_lenc;

f_commDV_lenc=0.;
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for (iyear=1; iyear<=nyr_commDV_lenc; iyear++)
{

f_commDV_lenc-=nsamp_commDV_lenc(iyear)*
sum(elem_prod((obs_commDV_lenc(iyear)+dzero_dum),

log(elem_div((pred_commDV_lenc(iyear)+dzero_dum),
(obs_commDV_lenc(iyear)+dzero_dum)))));

}
fval+=w_lc*f_commDV_lenc;
fval_unwgt+=f_commDV_lenc;

f_HB_lenc=0.0;
for (iyear=styr_HB_lenc; iyear<=endyr_HB_lenc; iyear++)
{

f_HB_lenc-=nsamp_HB_lenc(iyear)*
sum( elem_prod((obs_HB_lenc(iyear)+dzero_dum),

log(elem_div((pred_HB_lenc(iyear)+dzero_dum),
(obs_HB_lenc(iyear)+dzero_dum)))));

}
fval+=w_lc*f_HB_lenc;
fval_unwgt+=f_HB_lenc;

f_MRFSS_lenc=0.;
for (iyear=1; iyear<=nyr_MRFSS_lenc; iyear++)
{

f_MRFSS_lenc-=nsamp_MRFSS_lenc(iyear)*
sum(elem_prod((obs_MRFSS_lenc(iyear)+dzero_dum),

log(elem_div((pred_MRFSS_lenc(iyear)+dzero_dum),
(obs_MRFSS_lenc(iyear)+dzero_dum)))));

}
fval+=w_lc*f_MRFSS_lenc;
fval_unwgt+=f_MRFSS_lenc;

//---Age comps-------------------------------
f_commHAL_agec=0.0;
for (iyear=1; iyear<=nyr_commHAL_agec; iyear++)
{

f_commHAL_agec-=nsamp_commHAL_agec(iyear)*
sum(elem_prod((obs_commHAL_agec(iyear)+dzero_dum),

log(elem_div((pred_commHAL_agec(iyear)+dzero_dum),
(obs_commHAL_agec(iyear)+dzero_dum)))));

}
fval+=w_ac*f_commHAL_agec;
fval_unwgt+=f_commHAL_agec;

f_commDV_agec=0.0;
for (iyear=1; iyear<=nyr_commDV_agec; iyear++)
{

f_commDV_agec-=nsamp_commDV_agec(iyear)*
sum(elem_prod((obs_commDV_agec(iyear)+dzero_dum),

log(elem_div((pred_commDV_agec(iyear)+dzero_dum),
(obs_commDV_agec(iyear)+dzero_dum)))));

}
fval+=w_ac*f_commDV_agec;
fval_unwgt+=f_commDV_agec;

f_HB_agec=0.0;
for (iyear=1; iyear<=nyr_HB_agec; iyear++)
{

f_HB_agec-=nsamp_HB_agec(iyear)*
sum(elem_prod((obs_HB_agec(iyear)+dzero_dum),

log(elem_div((pred_HB_agec(iyear)+dzero_dum),
(obs_HB_agec(iyear)+dzero_dum)))));

}
fval+=w_ac*f_HB_agec;
fval_unwgt+=f_HB_agec;

f_MRFSS_agec=0.0;
for (iyear=styr_MRFSS_agec; iyear<=endyr_MRFSS_agec; iyear++)
{

f_MRFSS_agec-=nsamp_MRFSS_agec(iyear)*
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sum(elem_prod((obs_MRFSS_agec(iyear)+dzero_dum),
log(elem_div((pred_MRFSS_agec(iyear)+dzero_dum),

(obs_MRFSS_agec(iyear)+dzero_dum)))));
}
fval+=w_ac*f_MRFSS_agec;
fval_unwgt+=f_MRFSS_agec;

//-----------Constraints and penalties--------------------------------
f_N_dev=0.0;
//f_N_dev=norm2(log_dev_N_rec);
f_N_dev=pow(log_dev_N_rec(styr_rec_dev),2);
for(iyear=(styr_rec_dev+1); iyear<=endyr; iyear++)
{

f_N_dev+=pow(log_dev_N_rec(iyear)-R_autocorr*log_dev_N_rec(iyear-1),2);
}
fval+=w_R*f_N_dev;

// f_N_dev_early=0.0;
// f_N_dev_early=norm2(log_dev_N_rec(styr_rec_dev,(styr_rec_dev+5)));
// fval+=w_R_init*f_N_dev_early;

f_N_dev_end=0.0; //last 3 yrs
f_N_dev_end=norm2(log_dev_N_rec(endyr-2,endyr));

fval+=w_R_end*f_N_dev_end;

// f_B1dB0_constraint=0.0;
// f_B1dB0_constraint=square(totB(styr)/B0-B1dB0);
// fval+=w_B1dB0*f_B1dB0_constraint;

f_Fend_constraint=0.0; //last 3 yrs
f_Fend_constraint=norm2(first_difference(fullF(endyr-2,endyr)));
fval+=w_F*f_Fend_constraint;

f_fullF_constraint=0.0;
for (iyear=styr; iyear<=endyr; iyear++)

{
if (fullF(iyear)>3.0)
{
f_fullF_constraint+=square(fullF(iyear)-3.0);
}

}
fval+=w_fullF*f_fullF_constraint;

// f_cvlen_diff_constraint=0.0;
// f_cvlen_diff_constraint=norm2(first_difference(log_len_cv_dev));
// fval+=w_cvlen_diff*f_cvlen_diff_constraint;
//
// f_cvlen_dev_constraint=0.0;
// f_cvlen_dev_constraint=norm2(log_len_cv_dev);
// fval+=w_cvlen_dev*f_cvlen_dev_constraint;

//cout << "fval = " << fval << " fval_unwgt = " << fval_unwgt << endl;

REPORT_SECTION
//cout<<"start report"<<endl;
get_sel_weighted_current();
//cout<<"got sel weighted"<<endl;
get_msy();
//cout<<"got msy"<<endl;
get_miscellaneous_stuff();
//cout<<"got misc stuff"<<endl;
get_per_recruit_stuff();
//cout<<"got per recruit"<<endl;
cout << "BC Fmsy=" << F_msy_out<< " BC SSBmsy=" << SSB_msy_out <<endl;
cout<<"Pop status="<<SSB(endyr)/SSB_msy_out<<endl;
cout << "var_rec_resid="<<var_rec_dev<<endl;
//cout << "x_dum="<<x_dum<<endl;

report << "TotalLikelihood " << fval << endl;
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report<<" "<<endl;

report << "Bias-corrected (BC) MSY stuff" << endl;
report << "BC Fmsy " << F_msy_out << endl;
report << "BC Emsy " << E_msy_out << endl;
report << "BC SSBmsy " << SSB_msy_out << endl;
report << "BC Rmsy " << R_msy_out << endl;
report << "BC Bmsy " << B_msy_out << endl;
report << "BC MSY " << msy_out << endl;
report << "BC F/Fmsy " << fullF/F_msy_out << endl;
report << "BC E/Emsy " << E/E_msy_out << endl;
report << "BC SSB/SSBmsy " << SSB/SSB_msy_out << endl;
report << "BC B/Bmsy " << totB/B_msy_out << endl;
report << "BC Yield/MSY " << L_total_yr/msy_out <<endl;
report << "BC F(2006)/Fmsy " << fullF(endyr)/F_msy_out << endl;
report << "BC E(2006)/Emsy " << E(endyr)/E_msy_out << endl;
report << "BC SSB(2006)/SSBmsy " << SSB(endyr)/SSB_msy_out << endl;
report << "BC Predicted Landings(2006)/MSY " << L_total_yr(endyr)/msy_out <<endl;
report << " "<<endl;

report << "Mortality and growth" << endl;
report << "M "<<M<<endl;
report << "Linf="<<Linf << " K=" <<K<<" t0="<< t0<<endl;
report << "mean length " << meanlen << endl;

report << "cv length " << len_cv << endl;
report << "wgt " << wgt << endl;
report<<" "<<endl;

report << "Stock-Recruit " << endl;
report << "R0= " << R0 << endl;
report << "Steepness= " << steep << endl;
report << "spr_F0= " << spr_F0 << endl;
report << "Recruits(R) " << rec << endl;
report << "VirginSSB " << S0 << endl;
report << "SSB(styr)/VirginSSB " << S1S0 << endl;
report << "SSB(2006)/VirginSSB " << popstatus << endl;
report << "SSB " << SSB << endl;
report << "Biomass " << totB << endl;
report << "log recruit deviations (styr_rec_dev-2003) " << log_dev_N_rec(styr_rec_dev,2003) <<endl;
report << "variance of log rec dev (select yrs) "<<var_rec_dev<<endl;
report<<" "<<endl;

report << "Exploitation rate (1901-2006)" << endl;
report << E << endl;
report << "Fully-selected F (1901-2006)" << endl;
report << fullF << endl;
report << "Headboat F" << endl;
report << F_HB_out << endl;
report << "MRFSS F" << endl;
report << F_MRFSS_out << endl;
report << "commHAL F" << endl;
report << F_commHAL_out << endl;
report << "commDV F" << endl;
report << F_commDV_out << endl;
report<<" "<<endl;

report << "Headboat selectivity" << endl;
report << sel_HB << endl;
report << "Headboat DISCARD selectivity" << endl;
report << sel_HB_D << endl;
report << "MRFSS selectivity" << endl;
report << sel_MRFSS << endl;
report << "MRFSS DISCARD selectivity" << endl;
report << sel_MRFSS_D << endl;
report << "commHAL selectivity" << endl;
report << sel_commHAL << endl;
report << "commHAL DISCARD selectivity" << endl;
report << sel_commHAL_D << endl;
report << "commDV selectivity" << endl;
report << sel_commDV << endl;

report << "log_q_HAL "<<log_q_HAL<<endl;
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report << "Obs HAL U"<<obs_HAL_cpue << endl;
report << "pred HAL U"<<pred_HAL_cpue << endl;
report << "log_q_HB "<<log_q_HB<<endl;
report << "Obs HB U"<<obs_HB_cpue << endl;
report << "pred HB U"<<pred_HB_cpue << endl;
report << "log_q_MRFSS "<<log_q_MRFSS<<endl;
report << "Obs MRFSS U"<<obs_MRFSS_cpue << endl;
report << "pred MRFSS U"<<pred_MRFSS_cpue << endl;

report << "Obs HB landings (1000s)"<<obs_HB_L << endl;
report << "pred HB landings (1000s)"<<pred_HB_L << endl;
report << "Obs MRFSS landings (1000s)"<<obs_MRFSS_L << endl;
report << "pred MRFSS landings (1000s)"<<pred_MRFSS_L << endl;
report << "Obs commHAL landings--postWWII (1000 lb)"<<obs_commHAL_L_2 << endl;
report << "pred commHAL landings--postWWII (1000 lb)"<<pred_commHAL_L_2 << endl;
report << "Obs commDV landings (1000 lb)"<<obs_commDV_L << endl;
report << "pred commDV landings (1000 lb)"<<pred_commDV_L << endl;

#include "rs_make_Robject6.cxx" // write the S-compatible report
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Appendix C Data input file for AD Model Builder implementation of catch-at-age
assessment model

##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>
## Data Input File
## SEDAR15 Assessment: Red Snapper
##
##--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>

#starting and ending year of model
1945
2006
#Starting year to estimate recruitment deviation from S-R curve
1974
#3 periods of size regs: 1901-83 no restrictions, 1984-91 12inch TL, 1992-06 20inch TL
#ending years of regulation period
1983
1991
##Number of ages (16 classes is 1,...15,20+)
20
##vector of agebins, last is a plus group
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
#number length bins
28
#Vector of length bins (mm)(midpoint of bin)
190 220 250 280 310 340 370 400 430 460 490 520 550 580 610 640 670 700 730 760 790 820 850 880 910 940 970 1000
#discard mortality constant
0.9 #comm HAL
0.4 #headboat
0.4 #MRFSS
#number of iterations in spr calculations (max F examined is (value-1)/100
101
#number of iterations in msy calculations (max F examined is (value-1)/1000
1001
#starting age for exploitation rate
2
#multiplicative bias correction (may set to 1.0 for none or negative to compute from rec variance)
-1.0
#starting values for VonBert params (Linf, K, t0), units in mm TL
894.7
0.235
-0.48
#starting value of constant cv of length at age
0.1
#length-weight (whole wgt) coefficients a and b, W=aL^b, (W=g, L=mm)
7.0E-06
3.104
#weight-weight conversion (gutted wgt=a*whole weight)
0.935
#time-variant vector of % maturity-at-age for females (ages 1-20)
0.2371 0.6435 0.9129 0.9838 0.9972 0.9995 0.9999 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

#time-variant vector of proportion female (ages 1-16)
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
####################Commercial Hook and Line fishery landings#########################
#Commercial Hook and Line CPUE Index from Logbook
#Starting and ending years of CPUE index
1993
2006
#Observed CPUE and assumed CVs
1.0520 0.8560 0.8790 0.6910 0.6100 0.6880 0.8510 0.8690 1.3470 1.4750 1.2200 1.5230 1.2630 0.6770
0.1557 0.1626 0.1672 0.2015 0.2336 0.2405 0.2244 0.2382 0.1557 0.1511 0.1947 0.2015 0.2244 0.3000
#Commercial Hook and Line fishery landings
#Starting and ending years of post-WW2 landings time series, respectively
1945
2006
#Observed landings (1000 lb whole weight) and assumed CVs of post-WW2 period
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240.8728 262.6156 284.3585 306.1014 327.8442 349.5871 498.5858 374.7653 389.0775 576.8748 479.6054 469.9846
843.0190 594.6620 638.3276 652.2887 770.4032 575.9120 438.5230 486.3098 571.3961 643.4580 843.6164 938.6953
610.9764 559.1361 478.8710 414.2849 340.1609 555.1961 650.9209 547.3689 579.1734 545.0425 380.7316 352.8625
347.1376 286.0204 289.9523 230.5490 222.9973 200.1596 172.8222 152.0031 242.5327 201.6904 125.4217 87.5517
206.3708 175.6062 164.0779 129.9766 98.8793 78.7447 78.9544 89.2141 169.8753 158.7980 117.1732 147.4730
114.9833 79.0658

0.1716 0.1649 0.1581 0.1514 0.1446 0.1378 0.1311 0.1243 0.1176 0.1108 0.1041 0.0973 0.0905 0.0838 0.0770 0.0703
0.0635 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500

#Starting and ending years of discards time series, respectively
1984
2006
#Observed discards (1000s) and assumed CVs
7.5139 3.7113 7.0833 15.3593 7.5931 2.7985 30.5268 4.1107 18.2920 17.8600 24.4590 24.1530 32.2540 33.7250 25.5240
22.9590 21.8100 23.6800 22.1330 18.9370 15.8130 15.2720 16.9140

0.2950 0.4390 0.5085 0.5780 0.4730 0.4190 0.4670 0.5150 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

#Starting and ending years of commercial hook and line length composition sample data
1984
2006
#sample size of commercial length comp data by year
2089 3539 1246 1146 621 1191 787 706 512 1347 1167 1442 770 497 428 946 881 1408 992 1270 795 618 406
#commercial length composition samples (year,lengthbin 30mm)
0.000000 0.000000 0.000000 0.000085 0.005792 0.010724 0.085283 0.234352 0.201790 0.125118 0.105871 0.053530
0.039652 0.030128 0.024232 0.013502 0.020044 0.008436 0.002390 0.002178 0.004441 0.008564 0.009484
0.011112 0.002179 0.001068 0.000042 0.000000

0.000000 0.000000 0.000563 0.000022 0.003253 0.025697 0.080921 0.155433 0.208769 0.147857 0.102327 0.088617
0.055563 0.029593 0.018731 0.012442 0.005598 0.003519 0.003433 0.006096 0.006265 0.010781 0.010070
0.010632 0.010780 0.003039 0.000000 0.000000

0.000000 0.000000 0.000000 0.002393 0.005895 0.024398 0.015051 0.048590 0.096989 0.167292 0.180142 0.136277
0.067977 0.069566 0.067135 0.036575 0.022352 0.008465 0.003032 0.003615 0.009620 0.004854 0.008176
0.012306 0.003963 0.005229 0.000109 0.000000

0.000000 0.000000 0.000000 0.003384 0.031572 0.069420 0.051955 0.051438 0.080792 0.061041 0.097334 0.132811
0.092176 0.091513 0.067967 0.051861 0.024362 0.025431 0.012224 0.004491 0.005817 0.009671 0.007848
0.009161 0.008391 0.006024 0.003317 0.000000

0.000000 0.000000 0.000000 0.010683 0.023213 0.071614 0.106530 0.095847 0.086477 0.079517 0.108594 0.089006
0.082381 0.055006 0.050058 0.023540 0.021137 0.020883 0.018697 0.005139 0.017254 0.011850 0.004735
0.010103 0.004848 0.002886 0.000000 0.000000

0.000000 0.000867 0.000000 0.000187 0.000187 0.007207 0.012757 0.038788 0.078355 0.111119 0.167015 0.191779
0.151687 0.095468 0.039852 0.026702 0.010875 0.010038 0.014467 0.011981 0.008732 0.008127 0.003508
0.002457 0.002976 0.003132 0.001734 0.000000

0.000000 0.000000 0.000000 0.000000 0.007187 0.023912 0.102282 0.100680 0.085245 0.105668 0.130364 0.100741
0.082120 0.056583 0.056537 0.038945 0.028926 0.012038 0.014916 0.011652 0.003930 0.011868 0.004248
0.009206 0.010019 0.002940 0.000000 0.000000

0.000000 0.000000 0.000000 0.003520 0.027120 0.085704 0.077641 0.072089 0.085789 0.047421 0.130354 0.112361
0.056871 0.045916 0.043770 0.039953 0.038645 0.035647 0.014464 0.010264 0.010016 0.017017 0.017070
0.015797 0.010011 0.001280 0.000000 0.001280

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000290 0.000290 0.008668 0.037135 0.122303
0.080777 0.076936 0.111687 0.076600 0.116283 0.065519 0.043128 0.067884 0.027342 0.034881 0.042259
0.036182 0.042980 0.008633 0.000223 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000580 0.000000 0.002365 0.001205 0.015594 0.184521 0.311655
0.170655 0.084795 0.044039 0.018417 0.023796 0.023166 0.017725 0.017425 0.017792 0.015009 0.013663
0.022304 0.010493 0.003640 0.001160 0.000000

0.006945 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.004728 0.097994 0.176468
0.183151 0.173631 0.152049 0.097401 0.038121 0.009582 0.009817 0.004657 0.005623 0.005676 0.009250
0.008946 0.010995 0.004964 0.000000 0.000000

0.000000 0.000000 0.000000 0.001129 0.000000 0.004517 0.003388 0.001129 0.001138 0.001138 0.028890 0.172011
0.197772 0.139872 0.099993 0.076049 0.071969 0.051428 0.033255 0.011662 0.014816 0.017221 0.029455
0.014914 0.020352 0.006777 0.001129 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.003139 0.009558 0.088592
0.110470 0.147492 0.197828 0.109826 0.070920 0.071033 0.050255 0.060613 0.032182 0.015004 0.020857
0.006221 0.006009 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.003936 0.007872 0.019681 0.039361 0.055107 0.032942 0.057294
0.045514 0.110641 0.138206 0.103492 0.082770 0.079551 0.044944 0.051828 0.050376 0.023864 0.012532
0.004418 0.015986 0.011808 0.007872 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.005062 0.010124 0.010157 0.067217 0.099009 0.107634
0.164492 0.074950 0.050489 0.042590 0.040164 0.072483 0.067393 0.040024 0.040156 0.036661 0.017283
0.016584 0.027406 0.010124 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000903 0.002710 0.006022 0.008735 0.005721 0.001204 0.099701 0.234114
0.188871 0.127762 0.069294 0.058252 0.027671 0.029490 0.019167 0.025684 0.037589 0.024522 0.008000
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0.011553 0.011313 0.001419 0.000301 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.005970 0.013930 0.139393 0.211793
0.125071 0.102238 0.080784 0.051535 0.047280 0.037462 0.038489 0.025883 0.049038 0.028726 0.020208
0.014541 0.004849 0.001990 0.000818 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001565 0.001565 0.001565 0.001817 0.138333 0.193514
0.163702 0.146912 0.104656 0.074774 0.047701 0.024903 0.016542 0.018905 0.016780 0.016541 0.012668
0.004947 0.009388 0.001611 0.000046 0.001565

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000868 0.006073 0.050424 0.214597
0.226914 0.137309 0.118036 0.066931 0.080746 0.038634 0.022889 0.012568 0.010613 0.006841 0.001735
0.000000 0.001617 0.003205 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000612 0.001429 0.001448 0.000408 0.001077 0.004177 0.016606 0.083204
0.131355 0.173907 0.167763 0.143618 0.106735 0.052261 0.050997 0.028555 0.011270 0.007622 0.009124
0.003939 0.001007 0.002883 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.001293 0.001810 0.002844 0.002069 0.001034 0.002808 0.009172 0.040471
0.102190 0.136158 0.127005 0.145269 0.131415 0.149071 0.084374 0.033646 0.005910 0.004825 0.008410
0.006119 0.002057 0.002056 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.003711 0.001399 0.008714 0.053582
0.075220 0.089623 0.126035 0.095390 0.119910 0.104244 0.172768 0.072808 0.037749 0.011172 0.016287
0.005316 0.003711 0.002312 0.000052 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.004988 0.004988 0.019953 0.004988 0.071136
0.153878 0.128064 0.092837 0.098221 0.062168 0.069339 0.069226 0.046206 0.071914 0.036278 0.034978
0.025816 0.005018 0.000000 0.000000 0.000000

#Number and vector of years of age compositions for hook and line fishery
12
1992 1994 1996 1997 1998 1999 2000 2001 2003 2004 2005 2006
#sample sizes of age comps by year (minimum sample size of 45)
48 49 167 182 75 147 226 144 51 103 140 189
#age composition samples (year,age)
0.0000 0.0000 0.0003 0.5245 0.1156 0.1288 0.1627 0.0625 0.0000 0.0057 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

0.0000 0.0000 0.0858 0.0404 0.2011 0.2104 0.3775 0.0827 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0022

0.0000 0.0008 0.1367 0.0950 0.1504 0.3314 0.1966 0.0302 0.0167 0.0139 0.0114 0.0022 0.0033 0.0038 0.0022 0.0011 0.0011
0.0000 0.0000 0.0032

0.0000 0.0146 0.1450 0.3713 0.1777 0.1843 0.0638 0.0166 0.0048 0.0026 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0195

0.0000 0.0724 0.4058 0.1118 0.2132 0.0803 0.0471 0.0412 0.0062 0.0070 0.0000 0.0029 0.0000 0.0000 0.0000 0.0029 0.0000
0.0000 0.0000 0.0091

0.0000 0.1233 0.6037 0.1903 0.0538 0.0051 0.0068 0.0095 0.0015 0.0015 0.0009 0.0022 0.0006 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0008

0.0000 0.1265 0.7345 0.0861 0.0114 0.0170 0.0038 0.0088 0.0061 0.0038 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000
0.0000 0.0000 0.0011

0.0000 0.1590 0.6282 0.1716 0.0109 0.0160 0.0025 0.0013 0.0020 0.0035 0.0000 0.0010 0.0000 0.0000 0.0000 0.0006 0.0000
0.0000 0.0000 0.0034

0.0000 0.1281 0.3602 0.4029 0.0671 0.0346 0.0013 0.0000 0.0000 0.0021 0.0000 0.0026 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0012

0.0000 0.1282 0.4560 0.2686 0.1099 0.0335 0.0008 0.0015 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0007
0.0000 0.0000 0.0008

0.0000 0.0205 0.1922 0.2365 0.1484 0.2563 0.0918 0.0227 0.0092 0.0000 0.0000 0.0000 0.0000 0.0031 0.0154 0.0034 0.0000
0.0006 0.0000 0.0001

0.0000 0.0104 0.2738 0.3144 0.1251 0.1124 0.1255 0.0142 0.0172 0.0000 0.0000 0.0000 0.0040 0.0000 0.0028 0.0000 0.0000
0.0000 0.0000 0.0000

###############################Commercial Diving fishery landings#################################################
#Starting and ending years of landings time series, respectively
1984
2006
#Observed landings (1000 lb whole weight) and CV’s
1.2088 2.2732 0.5509 0.4157 0.2925 1.0968 1.6589 5.2658 9.4090 5.7426 12.9764 10.1594 6.1755 7.4878 7.9886 9.8820
11.3574 19.9740 22.8772 17.2723 19.2213 9.4119 4.1019

0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500

#Number and vector of years of length compositions (comm diving)
4
1999 2000 2001 2003
#sample sizes of length comp data by year
83 129 87 210
#commercial diving length comp samples (year,age) (30mm length bins)
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.084337 0.096385
0.072289 0.168675 0.048192 0.108434 0.096386 0.072289 0.012048 0.012048 0.024096 0.060241 0.072290
0.036144 0.024096 0.012048 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.224806 0.279069
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0.147288 0.085272 0.077520 0.038760 0.023256 0.038760 0.015504 0.000000 0.015504 0.023256 0.023256
0.007752 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.091954 0.195403
0.137931 0.206896 0.126437 0.068966 0.022988 0.045977 0.022988 0.022988 0.011494 0.011494 0.011494
0.022989 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.009524 0.057143 0.119047
0.128572 0.133333 0.109523 0.076191 0.104762 0.076190 0.071429 0.047619 0.028572 0.028572 0.000000
0.004762 0.004762 0.000000 0.000000 0.000000

#Number and vector of years of age compositions (comm diving)
1
2000
#sample sizes of age comp data by year
106
#commercial diving age comp samples (year,age) (30mm length bins)
0.0000 0.4481 0.5120 0.0306 0.0080 0.0000 0.0000 0.0000 0.0013 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

######################################Headboat landings########################################
#Starting and ending years for CPUE index
1976
2006
#Observed CPUE values (numbers) and CVs,
3.1273 2.0784 2.1197 2.1377 1.1290 2.7770 1.0440 1.7046 1.5543 2.2851 0.5111 0.6124 0.5635 0.9523 0.9867 0.6188 0.0814
0.2131 0.2249 0.3025 0.2018 0.2232 0.1793 0.2935 0.3888 0.8216 1.0053 0.5184 0.9687 0.9029 0.4730

0.0466 0.0645 0.0526 0.0547 0.0760 0.0492 0.0813 0.0580 0.0632 0.0472 0.1043 0.0950 0.0989 0.0820 0.0789 0.1042 0.3000
0.1749 0.1742 0.1510 0.2049 0.2312 0.1993 0.1492 0.1338 0.0836 0.0757 0.1196 0.0778 0.0843 0.1258

#Starting and ending years for landings time series
1972
2006
#Headboat landings vector (1000 lb whole weight) and CV’s
91.9195 117.3068 77.0601 83.5177 109.2828 59.9280 62.9797 54.1306 54.6560 116.5865 98.0245 74.0044 81.4175 132.0839
54.3806 81.8396 130.0701 70.7963 65.6860 72.0302 28.9160 42.7177 53.4220 57.4743 46.2349 51.2053 26.8480 43.5588
49.4030 68.3849 70.7972 41.3535 80.3494 58.6955 41.4320

0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
0.0500 0.0500 0.0500 0.0500

#Starting and ending years of discards time series, respectively
1984
2006
#Observed discards (1000s) and assumed CVs
8.2243 6.9261 6.0487 20.4313 16.5317 3.5675 26.1743 5.3889 3.2597 24.5857 18.5721 28.2857 10.8805 3.4248 20.6495 18.2722
24.7013 47.3119 40.3947 25.5998 43.8402 39.6659 28.7009

0.2950 0.4390 0.5085 0.5780 0.4730 0.4190 0.4670 0.5150 0.2940 0.2840 0.2890 0.2020 0.3800 0.2690 0.3250 0.1590 0.1480
0.1380 0.1820 0.1620 0.1430 0.1340 0.1820

#Starting and ending year of headboat length composition data
1978
2006
#sample sizes of length comp data by year
740 245 258 674 457 1006 1317 1190 435 306 204 374 433 152 73 203 524 147 80 68 149 161 123 254 361 329 307 193 172
#HB recreational length comp samples (year,lengthbin)
0.000000 0.011192 0.029757 0.044504 0.102228 0.112909 0.183413 0.157412 0.070186 0.039671 0.052280 0.054473
0.032152 0.015917 0.012819 0.006614 0.016111 0.006229 0.018435 0.005275 0.007924 0.004634 0.006693
0.005423 0.003199 0.000403 0.000000 0.000147

0.000000 0.004401 0.000000 0.000180 0.074823 0.132041 0.198242 0.185218 0.049501 0.026770 0.030810 0.022007
0.017967 0.000000 0.014044 0.008803 0.044014 0.048415 0.053294 0.035573 0.026408 0.018083 0.004763
0.004401 0.000239 0.000000 0.000000 0.000000

0.000000 0.013821 0.018428 0.041652 0.129184 0.147611 0.134841 0.162672 0.094989 0.063692 0.041322 0.023945
0.010642 0.004978 0.014003 0.004985 0.009214 0.004607 0.004796 0.009396 0.000363 0.004970 0.004607
0.004607 0.023035 0.027642 0.000000 0.000000

0.000000 0.003285 0.003285 0.017868 0.085598 0.191654 0.189528 0.178150 0.112231 0.053740 0.033016 0.016669
0.006955 0.006425 0.004908 0.004866 0.009277 0.016554 0.011926 0.020010 0.009277 0.003285 0.010567
0.005471 0.002182 0.001091 0.000000 0.002182

0.000000 0.003244 0.006487 0.020157 0.080609 0.117952 0.064175 0.080709 0.118593 0.151585 0.119034 0.091946
0.041488 0.025608 0.006705 0.009949 0.008289 0.004682 0.015604 0.008998 0.004746 0.011713 0.002257
0.003623 0.000190 0.001656 0.000000 0.000000

0.000000 0.001518 0.024907 0.056075 0.182923 0.259970 0.207947 0.126528 0.046318 0.023201 0.019594 0.004893
0.005247 0.004045 0.006513 0.003835 0.001814 0.003782 0.005154 0.003915 0.006001 0.001668 0.000117
0.003245 0.000031 0.000000 0.000759 0.000000

0.000000 0.002567 0.012035 0.031952 0.169169 0.233278 0.180632 0.149956 0.083270 0.041962 0.025230 0.019959
0.005345 0.003129 0.006809 0.000918 0.004749 0.003878 0.000786 0.003947 0.003502 0.000804 0.006273
0.006341 0.003508 0.000000 0.000000 0.000000

SEDAR 15 SAR 1 SECTION III 200



Assessment Workshop South Atlantic Red Snapper

0.000000 0.001374 0.005049 0.030662 0.157596 0.217217 0.218549 0.174736 0.079380 0.036921 0.023019 0.013005
0.009546 0.009494 0.006095 0.001822 0.000505 0.000954 0.001374 0.000126 0.002328 0.000415 0.002874
0.004122 0.001500 0.000505 0.000000 0.000828

0.001689 0.001689 0.008009 0.075292 0.171497 0.102916 0.103201 0.136420 0.076763 0.046258 0.067023 0.077775
0.048677 0.039086 0.011287 0.007304 0.002941 0.008237 0.001689 0.006548 0.000000 0.000000 0.000000
0.003474 0.002226 0.000000 0.000000 0.000000

0.000000 0.020030 0.024141 0.055009 0.083918 0.135126 0.194120 0.162665 0.073043 0.071123 0.038037 0.021156
0.033534 0.012724 0.025297 0.013556 0.017831 0.010946 0.000000 0.000000 0.000000 0.000000 0.007744
0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.010641 0.006539 0.023320 0.057288 0.150149 0.159890 0.210842 0.063596 0.059081 0.063369 0.017175
0.022272 0.029238 0.017745 0.017758 0.018587 0.025845 0.008176 0.024936 0.000000 0.000000 0.004116
0.004116 0.005321 0.000000 0.000000 0.000000

0.000000 0.000062 0.001397 0.016816 0.110482 0.274537 0.173677 0.152228 0.080688 0.031175 0.042780 0.026141
0.019826 0.004837 0.011557 0.003524 0.005395 0.004243 0.013270 0.003071 0.008485 0.003071 0.009214
0.000000 0.003071 0.000452 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.109130 0.204279 0.186408 0.193689 0.076475 0.075931 0.029714 0.029096
0.018826 0.022760 0.030595 0.001776 0.001440 0.001444 0.001444 0.000000 0.000000 0.003743 0.011810
0.001440 0.000000 0.000000 0.000000 0.000000

0.001304 0.000000 0.020080 0.046160 0.050278 0.183048 0.115281 0.144787 0.127764 0.102726 0.080835 0.013956
0.054539 0.006956 0.011053 0.001304 0.001835 0.011671 0.000405 0.000000 0.000000 0.007474 0.000000
0.007000 0.011545 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.016674 0.000000 0.000000 0.009215 0.000000 0.000000 0.076216 0.335667 0.213706
0.004226 0.080442 0.097116 0.018099 0.020976 0.075885 0.000000 0.000000 0.012015 0.012015 0.013874
0.013874 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.002393 0.005187 0.049647 0.180985 0.295728
0.192317 0.074039 0.036253 0.065912 0.022315 0.016307 0.015594 0.015160 0.009534 0.006721 0.000000
0.000000 0.011908 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.006602 0.054936 0.255356
0.247441 0.155006 0.033299 0.047331 0.104350 0.007875 0.037809 0.034508 0.000000 0.000000 0.003938
0.000000 0.000000 0.011550 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.009608 0.062942 0.171435
0.228337 0.227544 0.072940 0.062006 0.049309 0.062812 0.022220 0.001079 0.005240 0.000540 0.012781
0.005604 0.000000 0.005604 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001338 0.182169 0.126638
0.186246 0.185110 0.114190 0.054069 0.035506 0.038152 0.028520 0.026155 0.001338 0.000000 0.017753
0.002816 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.006552 0.000000 0.002184 0.000000 0.000000 0.030757 0.114563 0.115212
0.075882 0.091838 0.234829 0.127920 0.075701 0.022183 0.018465 0.000000 0.041713 0.000000 0.027851
0.014350 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000253 0.000000 0.000379 0.000126 0.002800 0.000253 0.000772 0.000000 0.114421 0.318315
0.317866 0.119523 0.056733 0.000000 0.021398 0.011664 0.014338 0.011664 0.004148 0.002674 0.002674
0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.001251 0.000000 0.002389 0.000000 0.011424 0.114412 0.243072
0.204686 0.185032 0.110314 0.027806 0.027478 0.037045 0.016337 0.006080 0.005344 0.001251 0.006080
0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001538 0.000000 0.018463 0.167852 0.203492
0.239393 0.160860 0.153910 0.029702 0.010665 0.013676 0.000000 0.000000 0.000000 0.000000 0.000447
0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.003479 0.000000 0.003479 0.010598 0.055454 0.244992
0.211144 0.218545 0.090924 0.065779 0.027040 0.032611 0.005435 0.008914 0.010870 0.000000 0.000000
0.000000 0.010734 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000064 0.000064 0.000000 0.000064 0.002568 0.024455 0.143824 0.231925
0.151848 0.195072 0.111591 0.046002 0.027558 0.031172 0.013662 0.010260 0.003402 0.000000 0.006469
0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.170145 0.293279
0.222072 0.107563 0.037570 0.056529 0.040391 0.018838 0.014042 0.016901 0.003735 0.007188 0.004278
0.003735 0.003735 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000045 0.000000 0.007128 0.069609 0.163440
0.341638 0.218792 0.064774 0.037034 0.033085 0.026396 0.008172 0.015035 0.000000 0.003888 0.003564
0.003512 0.000000 0.003888 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.010350 0.075201 0.210663
0.226903 0.146013 0.057810 0.071272 0.065479 0.034519 0.058648 0.013783 0.014157 0.015201 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000020 0.000020 0.000000 0.032339 0.153295
0.263444 0.268072 0.099291 0.039919 0.035151 0.025342 0.017735 0.016894 0.026023 0.015487 0.001020
0.000000 0.005951 0.000000 0.000000 0.000000

#Number and vector of years of age compositions (headboat)
13
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1989 1996
#sample sizes of age comp data by year
72 279 47 94 415 134 754 619 511 192 93 57 124
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#headboat age comp samples (year,age)
0.0417 0.5278 0.1667 0.1667 0.0139 0.0417 0.0278 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0139
0.0000 0.0000 0.0000 0.0000

0.0215 0.4050 0.5054 0.0323 0.0179 0.0072 0.0072 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0072

0.0000 0.6170 0.1702 0.0426 0.0851 0.0426 0.0426 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

0.1809 0.5106 0.2340 0.0319 0.0000 0.0213 0.0000 0.0213 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

0.0265 0.7012 0.1855 0.0337 0.0169 0.0120 0.0048 0.0048 0.0048 0.0000 0.0000 0.0000 0.0024 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0072

0.0448 0.4030 0.4030 0.0672 0.0299 0.0075 0.0075 0.0075 0.0075 0.0075 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0075 0.0000 0.0075

0.3939 0.4655 0.0942 0.0186 0.0093 0.0066 0.0040 0.0027 0.0013 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0013 0.0000 0.0027

0.1599 0.6656 0.1018 0.0178 0.0162 0.0065 0.0048 0.0016 0.0016 0.0032 0.0048 0.0000 0.0032 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0128

0.0431 0.7652 0.1605 0.0137 0.0020 0.0039 0.0000 0.0020 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0020
0.0000 0.0020 0.0020 0.0039

0.0521 0.4531 0.4115 0.0573 0.0104 0.0052 0.0052 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0052

0.1613 0.2473 0.5054 0.0645 0.0215 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

0.0877 0.4035 0.3860 0.0702 0.0175 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0175 0.0000 0.0000 0.0000
0.0175 0.0000 0.0000 0.0000

0.0000 0.0081 0.2742 0.1210 0.1048 0.2419 0.1129 0.0323 0.0242 0.0161 0.0242 0.0081 0.0000 0.0081 0.0000 0.0000
0.0000 0.0000 0.0000 0.0243

###################################MRFSS landings #################################
#Recreational MRFSS CPUE Index
#Starting and ending years of CPUE index
1983
2006
#Observed CPUE and assumed CVs
1.7160 1.5691 1.3622 0.7150 0.6482 0.7041 0.5839 0.2003 0.6767 1.0674 1.1483 0.7437 0.7593 0.6646 1.0756 0.8021
1.4787 1.3397 1.1153 0.9938 1.1537 1.2935 1.2070 0.9818

0.1426 0.1244 0.1414 0.2612 0.3000 0.2020 0.1386 0.2421 0.2215 0.1233 0.1887 0.1698 0.1282 0.2270 0.2812 0.1746
0.1046 0.0989 0.0928 0.1111 0.1104 0.0945 0.0896 0.1258

#Recreational Charter+Private boat landings
#Starting and ending years for landings time series
1947
2006
#MRFSS landings vector (1000 lb whole weight)
292.4449 584.8897 877.3346 1169.7795 1462.2243 1754.6692 2047.1141 2339.5589 2632.0038 2924.4487 3216.8935
3509.3384 3801.7832 4094.2281 4411.7825 4729.3369 5046.8912 5364.4456 5682.0000 4933.2000 4184.4000
3435.6000 2686.8000 1938.0000 1787.3110 1544.7025 1368.6262 1258.1839 1101.0373 924.5833 823.2490 669.5083
527.6684 376.4540 280.4210 246.2609 329.7836 532.3594 559.5652 435.8287 247.6627 285.1564 313.7427
272.7566 222.2649 269.3082 258.7844 117.5910 110.0483 116.8490 114.0103 193.9496 275.7707 355.6031
364.5065 304.9288 299.4494 273.8766 273.2545 271.6663

0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877
0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877 0.2877
0.2877 0.2877 0.3250 0.2720 0.2660 0.1720 0.2910 0.2730 0.2000 0.2700 0.3010 0.0790 0.3420 0.3830 0.2740 0.3670
0.2800 0.5020 0.4360 0.3170 0.1790 0.2390 0.1910 0.1690 0.1800 0.1640 0.1730 0.2400

#Starting and ending years of discards time series, respectively
1984
2006
#Observed discards (1000s) and assumed CVs
108.7990 72.5327 65.6727 51.7003 58.3797 22.8037 18.6770 17.9965 49.9785 54.6227 61.7633 44.9027 28.1797 20.3747 73.6213
155.5143 215.9903 199.8760 166.4613 159.9920 157.2377 150.1130 130.4310

0.2950 0.4390 0.5085 0.5780 0.4730 0.4190 0.4670 0.5150 0.2940 0.2840 0.2890 0.2020 0.3800 0.2690 0.3250 0.1590
0.1480 0.1380 0.1820 0.1620 0.1430 0.1340 0.1820

#Number and vector of years of length compositions (mrfss)
16
1981 1983 1984 1985 1986 1987 1988 1989 1999 2000 2001 2002 2003 2004 2005 2006
#sample sizes of length comp data by year
44 161 370 249 226 63 87 59 132 95 120 232 166 156 83 84
#mrfss length comp samples (year,age) (30mm length bins)
0.000000 0.004157 0.236882 0.114186 0.104372 0.000000 0.090207 0.151488 0.014833 0.141937 0.020970
0.020970 0.079028 0.020970 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.129796 0.154287 0.123536 0.122646 0.078259 0.138223 0.108759 0.035931 0.011872 0.008151 0.030527
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0.029117 0.000000 0.000000 0.027014 0.001255 0.000627 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.020221 0.090890 0.188465 0.252555 0.197856 0.090460 0.011589 0.030233 0.086400 0.016738 0.002021
0.005644 0.002095 0.004029 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000804
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.022865 0.151662 0.098149 0.082313 0.068166 0.036538 0.026657 0.037257 0.118753 0.000710 0.174114
0.081986 0.087967 0.002268 0.005297 0.000000 0.000000 0.005297 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.013735 0.472811 0.094212 0.183259 0.108405 0.083864 0.000000 0.011697 0.032017 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.175341 0.000000 0.115138 0.089666 0.163768 0.173663 0.005704 0.019016 0.135747 0.053603
0.048733 0.000000 0.017294 0.002327 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.812215 0.072169 0.000000 0.115615 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.128728 0.182724 0.133831 0.070753 0.103667 0.140636 0.073020 0.023029 0.025690 0.039460 0.001089
0.000000 0.031447 0.026650 0.019275 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.037173 0.250817 0.165887 0.088738 0.060234 0.027233 0.006234 0.041877 0.096174
0.011463 0.056369 0.057686 0.008136 0.034289 0.020465 0.008136 0.004321 0.008136 0.000000
0.000000 0.016632 0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.011685 0.020914 0.009220 0.011587 0.000000 0.004419 0.055707 0.352879
0.189844 0.108603 0.036373 0.072400 0.028172 0.012449 0.072400 0.006509 0.003898 0.000000
0.002938 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.020654 0.000000 0.025002 0.020654 0.032271 0.055661 0.286802
0.202812 0.075627 0.120878 0.041450 0.033019 0.000000 0.025898 0.004285 0.002143 0.020122
0.030176 0.002546 0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000314 0.000314 0.009179 0.063032 0.099141
0.262279 0.136474 0.114177 0.110730 0.106753 0.061971 0.015982 0.010021 0.005715 0.001306
0.001306 0.001306 0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.127279 0.056475 0.009475 0.049574 0.021806 0.030561 0.129571
0.068645 0.075096 0.032077 0.132556 0.059181 0.078273 0.073809 0.039091 0.004265 0.000000
0.000000 0.010550 0.000000 0.001716 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.018412 0.059403 0.041620 0.149247
0.230105 0.111686 0.127270 0.096927 0.066860 0.018885 0.023925 0.028698 0.011801 0.005256
0.002187 0.003457 0.004260 0.000000 0.000000 0.000000 0.000000

0.000000 0.000000 0.000000 0.000000 0.000000 0.044904 0.020009 0.000000 0.023988 0.023130 0.190900
0.289755 0.066240 0.059448 0.035328 0.021633 0.115822 0.044680 0.028232 0.010841 0.023232
0.000000 0.001857 0.000000 0.000000 0.000000 0.000000 0.000000

0.000000 0.024675 0.012337 0.006169 0.006169 0.000000 0.000000 0.000000 0.000000 0.013208 0.188583
0.233792 0.094847 0.019260 0.063917 0.030058 0.000000 0.113346 0.054149 0.010798 0.037220
0.000000 0.026461 0.021671 0.021671 0.000000 0.000000 0.021671

#Starting and ending year of mrfss age composition data
2001
2005
#sample sizes of mrfss age comp data by year
75 386 389 311 256
#mrfss age comps (year,lengthbin)
0.0000 0.2533 0.5067 0.1600 0.0267 0.0267 0.0133 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0133

0.0000 0.2409 0.5492 0.1192 0.0440 0.0207 0.0078 0.0078 0.0026 0.0026 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0052

0.0000 0.2314 0.3650 0.2622 0.0771 0.0129 0.0103 0.0026 0.0129 0.0129 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0026 0.0000 0.0000 0.0104

0.0000 0.2797 0.3859 0.1640 0.0900 0.0354 0.0032 0.0032 0.0064 0.0064 0.0000 0.0000 0.0096 0.0032 0.0000 0.0000
0.0000 0.0000 0.0000 0.0128

0.0000 0.1055 0.4570 0.2500 0.1328 0.0273 0.0078 0.0000 0.0000 0.0000 0.0039 0.0039 0.0000 0.0078 0.0000 0.0000
0.0000 0.0000 0.0000 0.0039

################Likelihood Component Weighting#################################################################################
#Weights in objective fcn
1000.0 #landings
1000.0 #discards
1.0 #length comps
1.0 #age comps
100.0 #HAL cpue index
10.0 #HB cpue index
10.0 #MRFSS cpue index
100.0 #S-R residuals
0.0 #constrain first several years of recruitment variability
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1000.0 #additional constraint on variability of recruitment in last three yrs
0.0 #constrain variability of F in last three years
0.0 #constraint B1/B0
1000.0 #penalty if F exceeds 3.0
0.0 #penalty on deviation in CV at age
0.0 #penalty on first difference in CV at age

################Parameter values and initial guesses##############################################################################
#bias adjustment (multiplier) for MRFSS landings
1.0
#annual rate of increase on all fishery dependent q’s
0.02
#steepness (fixed or initial guess)
0.75
#natural mortality at age
0.2304 0.1566 0.1254 0.1085 0.0981 0.0912 0.0864 0.0830 0.0805 0.0786 0.0772 0.0761 0.0753
0.0746 0.0741 0.0737 0.0734 0.0732 0.0730 0.0728

#age-independent natural mortality (used only to compute MSST=(1-M)SSBmsy)
0.0781
#log catchabilities (initial guesses)
-6.0 #commHAL
-12.0 #HB
-12.0 #MRFSS
#log mean F’s (initial guesses)
-2.0 #commHAL post-WWII
-3.0 #commDV
-3.0 #HB
-2.0 #MRFSS
#log mean F’s for discards (initial guesses)
-3.0 #commHAL discards
-3.0 #HB discards
-2.0 #MRFSS discards
#log_R0 - log virgin recruitment
12.0
#R1_mult: R(styr)=R1_mult*R1. R1=R0 if S1dS0=1
1.0
#B1/B0 constraint
0.75
# R autocorrelation
0.0
#Selectivity parameters.
#Initial guess must be within boundaries.

#init_bounded_number selpar_slope_commDV1(0.5,12.0,1);
#init_bounded_number selpar_L50_commDV1(0.1,10.,1);
#init_bounded_number selpar_slope2_commDV1(0.1,12.0,3);
#init_bounded_number selpar_L502_commDV1(1.0,20.0,3);

2.0 #selpar_L50_commHAL1 b1
2.0 #selpar_slope_commHAL1 b3
10.0 #selpar_L502_commHAL1 b1
0.0 #selpar_slope2_commHAL1 b3
2.0 #selpar_L50_commHAL2 b1
2.0 #selpar_slope_commHAL2 b3
10.0 #selpar_L502_commHAL2 b1
0.0 #selpar_slope2_commHAL2 b3
4.0 #selpar_L50_commHAL3 b1
2.0 #selpar_slope_commHAL3 b3
10.0 #selpar_L502_commHAL3 b1
0.0 #selpar_slope2_commHAL3 b3

3.0 #selpar_L50_commDV1 b1
10.0 #selpar_L502_commDV1 b2
2.0 #selpar_slope_commDV1 b3
1.0 #selpar_slope2_commDV1 b4

2.0 #selpar_L50_HB1 b1
3.0 #selpar_slope_HB1 b3
10.0 #selpar_L502_HB1 b1
0.0 #selpar_slope2_HB1 b3
2.0 #selpar_L50_HB2 b1
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10.4 #selpar_slope_HB2 b3
10.0 #selpar_L502_HB2 b1
0.0 #selpar_slope2_HB2 b3
4.0 #selpar_L50_HB3 b1
3.0 #selpar_slope_HB3 b3
10.0 #selpar_L502_HB3 b1
0.0 #selpar_slope2_HB3 b3

2.0 #selpar_L50_MRFSS1 b1
3.0 #selpar_slope_MRFSS1 b3
10.0 #selpar_L502_MRFSS1 b1
0.0 #selpar_slope2_MRFSS1 b3
2.0 #selpar_L50_MRFSS2 b1
10.4 #selpar_slope_MRFSS2 b3
10.0 #selpar_L502_MRFSS2 b1
0.0 #selpar_slope2_MRFSS2 b3
4.0 #selpar_L50_MRFSS3 b1
3.0 #selpar_slope_MRFSS3 b3
10.0 #selpar_L502_MRFSS3 b1
0.0 #selpar_slope2_MRFSS3 b3

0.5 #commHAL discard selectivity of age 1: value prior to standardizing to one
0.5 #HB discard selectivity of age 1: value prior to standardizing to one
0.5 #MRFSS discard selectivity of age 1: value prior to standardizing to one

999 #end of data file flag
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Appendix D Parameter estimates from AD Model Builder implementation of
catch-at-age assessment model

# Number of parameters = 312 Objective function value = 16451.9 Maximum gradient component = 19726.1
# log_len_cv:
-2.15648784892
# log_R0:
13.3128344188
# steep:
0.949859882180
# log_dev_N_rec:
-0.00235346720443 0.244971211035 -0.0366583783528 0.0650572572250 -0.0121136773153
-0.420479893992 0.460766239921 -0.735971495785 -0.0418362285841 0.660835931526
1.03648952870 -0.218685360548 0.0327555292295 0.326270090336 0.113052702574
0.112544052963 0.0423009815001 0.395298770412 -0.339795984693 -0.700001570534
-0.711967228540 -0.663401142407 -0.240517559991 -0.127310978501 0.666264673458
0.661635094279 0.294547815266 -0.115521156760 -0.0535322293854 -0.410272657978
-0.163958690852 -0.0888654462297 -0.0295467307694

# R_autocorr:
0.333753438920
# selpar_slope_commHAL2:
11.9984819496
# selpar_L50_commHAL2:
2.05591477850
# selpar_slope_commHAL3:
4.32167562058
# selpar_L50_commHAL3:
3.21678138968
# selpar_slope_commDV1:
0.773690913760
# selpar_L50_commDV1:
8.91928060462
# selpar_slope2_commDV1:
1.11324247999
# selpar_L502_commDV1:
1.48787259102
# selpar_slope_HB1:
11.9984058155
# selpar_L50_HB1:
1.10646231368
# selpar_L50_HB2:
1.30701823180
# selpar_slope_HB3:
10.3201958594
# selpar_L50_HB3:
3.03280141155
# selpar_L50_MRFSS2:
1.04472365415
# selpar_slope_MRFSS3:
4.48100106675
# selpar_L50_MRFSS3:
1.85736444315
# log_q_HAL:
-6.30344972238
# log_q_HB:
-12.3683685103
# log_q_MRFSS:
-12.5847492845
# log_avg_F_commHAL_2:
-2.59687803490
# log_F_dev_commHAL_2:
-2.89864906942 -2.80830940126 -2.72635828847 -2.64869598225 -2.57441499487 -2.50232821790
-2.13537277774 -2.40537359876 -2.34945034707 -1.93070589814 -2.08433639889 -2.06871567073
-1.43815596788 -1.73172165630 -1.59871303392 -1.50383337177 -1.24929851283 -1.43633547050
-1.58880274736 -1.33867627982 -0.986321252602 -0.639056871022 -0.117493767719
0.265575609897 0.100857422982 0.213104090311 0.210893560976 0.202611290208 0.118674198424
0.730935182130 1.07230051834 1.06270783029 1.32385732621 1.48902126813 1.33941528847
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1.45979487253 1.40942765223 1.36035600380 1.44978388893 1.56741923740 1.41497557107
1.26400203746 1.28523132671 1.15445475167 1.64660457913 1.55416107275 1.09152538162
1.09428764801 1.83170179112 1.53713585012 1.55423599341 1.50427098073 1.37399863361
1.14479239156 1.04596737485 0.973633208325 1.31759667576 1.13578043737 0.801114133997
1.07838414224 0.932563255756 0.647967098714

# log_avg_F_commDV:
-2.79620224579
# log_F_dev_commDV:
-1.45960851069 -0.574516136348 -1.85139425956 -2.15659488794 -2.60673599875 -1.29785259977
-0.826310068805 0.323460161585 0.828783329469 0.336050195635 1.15755035615 0.827872178035
0.286208237289 0.467339918017 0.540313138558 0.786575090210 0.925107801059 1.43539961130
1.47513952348 1.00105845493 0.942742869352 0.163049347689 -0.723637750897

# log_avg_F_HB:
-2.63465473348
# log_F_dev_HB:
-1.26525519814 -0.908175089712 -1.20602780830 -0.943249974923 -0.510718510463
-0.906945550769 -0.631297216274 -0.573630022233 -0.367573838887 0.355846551406
0.326767813116 0.121636984852 0.197763920371 0.537842162609 -0.128832518450
0.375241249298 0.778192070065 0.239027233044 0.243087608479 0.355048314005
-0.0546865382767 0.180907280030 0.322173223678 0.498525331402 0.461482412236
0.697386302348 0.0225669157434 0.412721969873 0.298437299631 0.345493238302
0.294415731400 -0.255919396890 0.452239052873 0.253076033109 -0.0175670345521

# log_avg_F_MRFSS:
-1.70225344506
# log_F_dev_MRFSS:
-3.59288730447 -2.89568011761 -2.48447219329 -2.18882381546 -1.95365678321
-1.75574421696 -1.58302857850 -1.42447866054 -1.27551806764 -1.13412806714
-0.992414031727 -0.849805104974 -0.707453851783 -0.559941950366 -0.396959387259
-0.223359719540 -0.0381383359997 0.169727903754 0.418498923911 0.505332275144
0.591081132131 0.669881784364 0.688459341524 0.562361689325 0.634107384519
0.624750712891 0.616834148442 0.655005445702 0.702931495383 0.697438730532
0.790503291153 0.803280676084 0.784606846687 0.641434154951 0.314943889533
0.335675638532 0.697792447244 1.04189689670 1.02750657537 0.975911982446
0.480605526705 0.562270375804 0.709494329038 0.685200969027 0.449789153396
0.612966518713 0.553316540652 -0.107701870929 -0.0469192860845 0.154233300344
0.137926270955 0.569636376303 0.674660774115 0.650551139644 0.581787648393
0.453814585040 0.450313261331 0.435766342964 0.547898618414 0.550916246314

# log_avg_F_commHAL_D:
-2.97348527107
# log_F_dev_commHAL_D:
-1.38998894022 -1.75687712426 -0.447513066639 0.0267971589529 -0.706703801841
-1.58012319512 0.883652830166 -1.26281962918 0.102974461750 0.429759451573
1.06406381592 1.15047093498 1.28522749429 1.10775528579 0.385791245350
-0.0741569384813 -0.143537396604 0.172729609305 0.261476950021 0.234652923259
0.141866805017 0.0462990647262 0.0682020612505

# log_avg_F_HB_D:
-3.76334013483
# log_F_dev_HB_D:
-1.32071332223 -1.15408594337 -0.626702673318 0.291965617274 0.0503101427666
-1.35826077377 0.711152683668 -1.01270400205 -1.66435725268 0.677136694330
0.736582581445 1.26209162287 0.156288242317 -1.21913936928 0.133612221606
-0.336360852546 -0.0677889929106 0.810343088306 0.813490429198 0.490560081798
1.11097893068 0.962221549644 0.553379296250

# log_avg_F_MRFSS_D:
-2.24501469505
# log_F_dev_MRFSS_D:
-0.256856309739 -0.322049075516 0.240913059127 -0.299914836616 -0.210750145174
-1.02269191415 -1.14424230999 -1.32662189322 -0.433135371522 0.00830769935766
0.451389600002 0.231302928222 -0.389182192329 -0.935813878376 -0.0949354168395
0.299073387956 0.608752165218 0.765256439660 0.738499726078 0.827810499761
0.899811230571 0.793397628835 0.571678978685
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Appendix E ASPIC Input: Computer input file to run base production model.

FIT Run Mode
"SAFMC Red Snapper SEDAR 15 (2007), increasing q 2%/yr from 1980"
LOGISTIC YLD SSE Modeltype, conditioning, loss fn
112 Verbosity
600 N Bootstraps
1 10000 Monte Carlo
1d-8 Conv (fit)
3d-8 8 Conv (restart), N restarts
1d-4 6 Conv (F), steps/yr for generalized
4 Max F allowed
1 Weight for B1>K
3 Number of series
1d0 1d0 1d0 Series weights (HB, CHL, MRFSS)
0.95d0 B1/K guess
2000000.0 MSY guess
12000000.0 K guess
5d-8 5d-8 5d-8 q guess
0 1 1 1 1 1 Estimate flags
100000.0 4000000.0 MSY bounds
5000000.0 150000000.0 K bounds
82184571 Random seed
62 Number of years
"Headboat Index (1976-2006)"
"CC"
1945 -1 240873
1946 -1 262616
1947 -1 580474
1948 -1 898332
1949 -1 1216190
1950 -1 1534048
1951 -1 1979162
1952 -1 2151457
1953 -1 2461884
1954 -1 2945796
1955 -1 3144642
1956 -1 3431137
1957 -1 4100286
1958 -1 4148044
1959 -1 4487825
1960 -1 4797902
1961 -1 5237241
1962 -1 5363974
1963 -1 5547810
1964 -1 5916822
1965 -1 6323133
1966 -1 5650065
1967 -1 5105093
1968 -1 4455043
1969 -1 3382194
1970 -1 2585224
1971 -1 2357941
1972 -1 2141321
1973 -1 1935262
1974 -1 1977250
1975 -1 1937189
1976 3.644 1684470
1977 2.177 1522785
1978 2.000 1335616
1979 1.826 1002098
1980 0.880 839788
1981 1.985 756045
1982 0.687 598187
1983 1.043 717653
1984 0.900 998100
1985 1.287 1080462
1986 0.291 802000
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1987 0.363 578701
1988 0.354 646530
1989 0.633 727421
1990 0.708 655137
1991 0.491 477087
1992 0.071 581258
1993 0.201 706321
1994 0.223 470761
1995 0.305 455372
1996 0.206 408605
1997 0.229 374022
1998 0.184 474887
1999 0.301 617465
2000 0.396 770263
2001 0.827 914602
2002 0.994 810991
2003 0.501 691860
2004 0.910 723824
2005 0.820 663114
2006 0.413 594536
"Commercial Logbook Index"
"I1"
1945 -1
1946 -1
1947 -1
1948 -1
1949 -1
1950 -1
1951 -1
1952 -1
1953 -1
1954 -1
1955 -1
1956 -1
1957 -1
1958 -1
1959 -1
1960 -1
1961 -1
1962 -1
1963 -1
1964 -1
1965 -1
1966 -1
1967 -1
1968 -1
1969 -1
1970 -1
1971 -1
1972 -1
1973 -1
1974 -1
1975 -1
1976 -1
1977 -1
1978 -1
1979 -1
1980 -1
1981 -1
1982 -1
1983 -1
1984 -1
1985 -1
1986 -1
1987 -1
1988 -1
1989 -1
1990 -1
1991 -1
1992 -1
1993 0.785
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1994 0.629
1995 0.637
1996 0.494
1997 0.430
1998 0.478
1999 0.583
2000 0.587
2001 0.898
2002 0.970
2003 0.792
2004 0.976
2005 0.799
2006 0.423
"MRFSS Index"
"I1"
1945 -1
1946 -1
1947 -1
1948 -1
1949 -1
1950 -1
1951 -1
1952 -1
1953 -1
1954 -1
1955 -1
1956 -1
1957 -1
1958 -1
1959 -1
1960 -1
1961 -1
1962 -1
1963 -1
1964 -1
1965 -1
1966 -1
1967 -1
1968 -1
1969 -1
1970 -1
1971 -1
1972 -1
1973 -1
1974 -1
1975 -1
1976 -1
1977 -1
1978 -1
1979 -1
1980 -1
1981 -1
1982 -1
1983 0.471
1984 0.395
1985 0.349
1986 0.204
1987 0.214
1988 0.287
1989 0.300
1990 0.122
1991 0.492
1992 0.917
1993 1.075
1994 0.675
1995 0.658
1996 0.536
1997 0.798
1998 0.598
1999 1.137
2000 1.067
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2001 0.923
2002 0.864
2003 1.063
2004 1.271
2005 1.270
2006 1.109
Note:
This input file prepared by PBC, 15 Nov 2007
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4 Submitted Comments 
 

4.1  None were received 
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1. Introduction 
 

1.1. Workshop Time and Place  

 

The SEDAR 15 Review Workshop was held at the Brownstone Holiday Inn in Raleigh, 

North Carolina on January 28 through February 1, 2008. 

 

 

1.2. Terms of Reference  

 

1. Evaluate the adequacy, appropriateness, and application of data used in the assessment
*
. 

2. Evaluate the adequacy, appropriateness, and application of methods used to assess the 

stock
*
.   

3. Recommend appropriate estimates of stock abundance, biomass, and exploitation
*
.  

4. Evaluate the methods used to estimate population benchmarks and management parameters 

(e.g., MSY, Fmsy, Bmsy, MSST, MFMT, or their proxies); provide estimated values for 

management benchmarks, a range of ABC, and declarations of stock status
*
.  

5. Evaluate the adequacy, appropriateness, and application of the methods used to project 

future population status; recommend appropriate estimates of future stock condition
* 
(e.g., 

exploitation, abundance, biomass).  

6. Evaluate the adequacy, appropriateness, and application of methods used to characterize 

uncertainty in estimated parameters. Provide measures of uncertainty for estimated 

parameters
*
. Ensure that the implications of uncertainty in technical conclusions are clearly 

stated. 

7. Ensure that stock assessment results are clearly and accurately presented in the Stock 

Assessment Report and Advisory Report and that reported results are consistent with 

Review Panel recommendations
**

.  

8. Evaluate the SEDAR Process. Identify any Terms of Reference which were inadequately 

addressed by the Data or Assessment Workshops; identify any additional information or 

assistance which will improve Review Workshops; suggest improvements or identify 

aspects requiring clarification. 

9. Review the research recommendations provided by the Data and Assessment workshops 

and make any additional recommendations warranted. Clearly indicate the research and 

monitoring needs that may appreciably improve the reliability of future assessments. 

Recommend an appropriate interval for the next assessment. 

10. Prepare a Peer Review Consensus Summary summarizing the Panel’s evaluation of the 

stock assessment and addressing each Term of Reference. Prepare an Advisory Report 

summarizing key assessment results. (Reports to be drafted by the Panel during the review 

workshop with a final report due two weeks after the workshop ends.) 

* The review panel may request additional sensitivity analyses, evaluation of alternative assumptions, 
and correction of errors identified in the assessments provided by the assessment workshop panel; the 

review panel may not request a new assessment. Additional details regarding the latitude given the 
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review panel to deviate from assessments provided by the assessment workshop panel are provided in 

the SEDAR Guidelines and the SEDAR Review Panel Overview and Instructions.  
 

** The panel shall ensure that corrected estimates are provided by addenda to the assessment report in 
the event corrections are made in the assessment, alternative model configurations are recommended, or 

additional analyses are prepared as a result of review panel findings regarding the TORs above. 

 

 

1.3. List of Participants  

  

SEDAR 15 Review Workshop 

January 28-February 1, 2008 

Raleigh, NC 

NAME  Affiliation 

Workshop Panel 

Kevin Friedland, Chair...................................................................... NMFS NEFSC 

Robin Cook ......................................................................................................... CIE 

Vivian Haist ........................................................................................................ CIE 

Joe Hightower ................................................................................................. USGS 

Graham Pilling ...................................................................................................  CIE 

 

Presenters 

Kyle Shertzer ..................................................................................... NMFS SEFSC 

Doug Vaughan ................................................................................... NMFS SEFSC 

Erik Williams ..................................................................................... NMFS SEFSC 

Robert Muller .............................................................................................. FL FWC 

 

Appointed Observers 

Jeff Buckel ............................................................................... SAFMC SSC/NCSU 

Brian Cheuvront ........................................................................... SAFMC/NC DMF 

Rob Cheshire  ..................................................................................... NMFS SEFSC 

Paul Conn ........................................................................................... NMFS SEFSC 

Doug Gregory  ....................................................................................GMFMC SSC 

Tony Iarocci ................................................................................................. SAFMC 

Joe O’Hop  .................................................................................................. FL FWC 

 

Observers 

Mac Currin  .................................................................................................. SAFMC 

Mike Waine  .................................................................................................... NCSU 

Will Smith ....................................................................................................... NCSU 

 

Staff 

John Carmichael........................................................................................... SAFMC  

Tyree Davis ........................................................................................ NMFS SEFSC 

Rachael Lindsay ........................................................................................... SEDAR 
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Andi Stephens .............................................................................................. SAFMC 

Dale Theiling ............................................................................................... SEDAR 

 

 

1.4. List of Review Workshop Working Papers & Documents  

 

 

SEDAR15 

South Atlantic Red Snapper & Greater Amberjack 

Workshop Document List 
Document # Title Authors 

Documents Prepared for the Data Workshop 

SEDAR15-DW1 Discards of Greater Amberjack and Red Snapper 

Calculated for Vessels with Federal Fishing 

Permits in the US South Atlantic 

McCarthy, K. 

Documents Prepared for the Assessment Workshop 

SEDAR15-AW-1 SEDAR 15 Stock Assessment Model - Statistical 

Catch-at-Age Model 

Conn, P., K. 

Shertzer, and E. 

Williams 

Documents Prepared for the Review Workshop 

SEDAR15-RW1 SEDAR 15 SAR1 (Red Snapper) Peer Review 

Document 

SEDAR 15 

SEDAR15-RW2 SEDAR 15 SAR2 (South Atlantic Greater 

Amberjack) Peer Review Document 

SEDAR 15 

SEDAR 15-RW3 SEDAR 15 SAR3 (South Atlantic and Florida 

Mutton Snapper) Peer Review Document 

SEDAR 15 (Florida 

Fish & Wildlife 

Research Institute) 

Final Assessment Reports 

SEDAR15-AR1 Assessment of Red Snapper in the US South 

Atlantic 

 

SEDAR15-AR2 Assessment of Greater Amberjack in the US South 

Atlantic 

 

Reference Documents 

SEDAR15-RD01 Age, growth, and reproduction of greater 

amberjack, Seriola dumerili, off the Atlantic coast 

of the southeastern United States 

Harris, P. , 

Wyanski, D., 

White, D. B. 

SEDAR15-RD02 

2007.  

A Tag and Recapture study of greater amberjack, 

Seriola dumerili, from the Southeastern United 

States 

MARMAP, SCDNR 

SEDAR15-RD03 Stock Assessment Analyses on Atlantic Greater 

Amberjack 

Legault, C.,  

Turner, S. 

SEDAR15-RD04 Age, Growth, And Reproduction Of The Red 

Snapper, Lutjanus Campechanus, From The 

Atlantic Waters Of The Southeastern U.S. 

White, D. B., 

Palmer, S. 

SEDAR15-RD05 Atlantic Greater Amberjack Abundance Indices Cummings, N., 
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From Commercial Handline and Recreational 

Charter, Private, and Headboat Fisheries through 

fishing year 1997 

Turner, S., 

McClellan, D. B., 

Legault, C. 

SEDAR15-RD06 

2007.  MS Thesis, 

UNC Wilm. Dept. 

Biol. & Marine Biol. 

Age and growth of red snapper, Lutjanus 

Campechanus, from the southeastern United States  

McInerny, S. 

SEDAR15-RD07 

2005. CRP Grant # 

NA03NMF4540416. 

Characterization of commercial reef fish catch and 

bycatch off the southeast coast of the United 

States. 

Harris, P.J., and J.A. 

Stephen 

SEDAR15-RD08 The 1960 Salt-Water Angling Survey, USFWS 

Circular 153 

Clark, J. R. 

SEDAR15-RD09 The 1965 Salt-Water Angling Survey, USFWS 

Resource Publication 67 

Deuel, D. G. and J. 

R. Clark 

SEDAR15-RD10 1970 Salt-Water Angling Survey, NMFS Current 

Fisheries Statistics Number 6200 

Deuel, D. G. 
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2. Consensus Report  

 

2.1. Statements addressing each Term of Reference  

 

1. Evaluate the adequacy, appropriateness, and application of data used in 

the assessment. 

 

Data used in the assessment consisted of landings from three fleets segments, three 

fishery dependent abundance indices, age composition data and length frequency data. 

All these data are subject to a relatively high degree of uncertainty. In relation to 

landings, the Assessment Workshop (AW) decided to use estimates of catch in 1960, 

1965 and 1970 derived from a saltwater angling survey that had been rejected by the Data 

Workshop (DW). These values suggest that catches before the 1980s were of an order of 

magnitude higher than DW values. The review panel discussed this at some length and 

felt that on balance it was appropriate to include these values. There was some anecdotal 

evidence to support the apparently unexpectedly high values. 

 

Sample sizes for the age and length frequency data are very small in relation to the 

landings and therefore may not reflect actual age and length compositions with any 

precision. Age data are available only for more recent years and suggest that most fish in 

the catches are around age 3. The size composition data change in response to 

management regulations on minimum landing size. 

 

The abundance indices are a crucial element of the available data but will, of course, be 

subject to bias associated with changes in technology and non-random sampling by 

commercial and recreational fisheries. In the model, values of abundance index 

catchability were assumed to increase by 2% per year. The indices all relate to the more 

recent period of the assessment and there is therefore almost no data other than catch for 

the period up to the 1980s. There is some correlation between the series, which provides 

some support for the view that they are measuring a common signal in the stock over 

time. It would be highly desirable to invest in a fishery independent abundance index to 

improve future assessments (see term of reference 9). 

 

Red snapper has an unusual life history pattern in that they are apparently long lived 

(maximum age over 50) while maturing as early as age 1. This leads to low estimates of 

age specific natural mortality, yet the assessment seems to suggest the stock is highly 

productive and contributes to a very high estimate of the steepness of the stock 

recruitment function. The panel felt that the steepness estimate was unreliable. The life 

history attributes would merit further investigation to confirm their unusual 

characteristics. 

 

Notwithstanding the limitations of available data, the panel felt that the data had been 

used appropriately and that it provided an adequate basis on which to conduct an 

assessment. The uncertainties in the data limit the robustness of the conclusions that can 

be derived from the assessment.   
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2. Evaluate the adequacy, appropriateness, and application of methods used 

to assess the stock. 

 

Two assessment methods were used. The principal method was an age structure model 

(SCA) constructed within a stock synthetic framework using AD model builder. The 

second was a much simpler surplus production model using ASPIC software, which 

makes no explicit assumptions about age structure. Both of these approaches are well 

established and appropriate for the data available and for the estimation of the 

management indicators. 

 

The SCA model is a complex model based on maximizing a quasi-likelihood function. In 

order to fit the model, a large number of assumptions are required that relate to fishery 

selectivity, discard selectivity and survival, stock recruitment function, natural mortality 

by age, and other less critical factors. The panel was generally satisfied that the 

assumptions made were appropriate, but while they are reasonable, it must be 

remembered that many are best guesses and are not currently verifiable. 

 

One of the main points of discussion was centered on the relative weights given to the 

various likelihood components in the objective function. These had been arrived at 

through trial and error by fitting the model, examining the model fit, adjusting the 

weights and then refitting the model until a satisfactory fit had been achieved. The panel 

was concerned that the criteria for judging goodness-of-fit were subject to individual 

interpretation and may not be repeatable. The need to find a more systematic method to 

select the weights was stressed, but the panel accepted the values used in the assessment 

on the basis that most information on the stock trajectory lay in the landings data. 

 

The ASPIC model was used to investigate a different model interpretation of the data and 

provides a valuable alternative to exploring the uncertainty in population estimates. It 

gave qualitatively similar results to the SCA model providing some reassurance that the 

perceived stock decline is real and not an artifact of the assumptions on natural mortality 

and stock recruitment. There still remains the possibility that poorly estimated 

recreational catches in the early period exaggerate the perceived steep population decline. 

 

The panel asked for a simple catch curve analysis to be undertaken on the age 

compositions. This analysis supported the Z estimates emerging from the SCA model 

(see section 2.3). 

 

3. Recommend appropriate estimates of stock abundance, biomass, and 

exploitation. 

 

The SCA model was advocated as the basis for estimates of abundance, biomass and 

exploitation. There are substantial uncertainties in the model results and the AW provides 

sensitivity runs to illustrate the possible range of uncertainty. Clearly, all the runs show 

the same qualitative results and indicate that the stock status is overfished and suffering 

from overfishing. However, there is no unique „best estimate model run‟ that stands out 
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as superior to other runs. Recognizing the need to use a reference run to characterize the 

stock and its status, the panel suggests using the SCA base run for estimates of stock 

abundance, biomass and exploitation. The values need to be interpreted as one realization 

of a number of equally plausible runs and are conditioned on the particular assumptions 

made about the data and the population dynamics model. Alternative assumptions could 

yield equally plausible but different values as may arise in future assessments. 

 

4. Evaluate the methods used to estimate population benchmarks and 

management parameters (e.g., MSY, Fmsy, Bmsy, MSST, MFMT, or their 

proxies); provide estimated values for management benchmarks, a range 

of ABC, and declarations of stock status. 

 

The most important aspect of population benchmarks and management parameters is to 

be able to judge relative position of the current stock to the benchmarks. In this context, 

absolute values of Fmsy, SSBmsy are less important than the ratios Fcurrent/Fmsy and 

SSBcurrent/SSBmsy. In all the model sensitivity runs and the ASPIC model, the ratios 

estimated the stock to be overfished and experiencing overfishing, despite the absolute 

values of the individual quantities varying substantially. The conclusion of the status of 

the stock therefore appears quite robust to a wide range of model configurations and the 

panel felt this was the appropriate classification. 

 

One of the principal difficulties with the SCA model estimate of the stock recruitment 

parameters is that the steepness estimate appears unrealistically high. In addition, there 

are no data in the assessment to adequately define the asymptote of the Beverton-Holt 

function and hence estimates of MSY indicators cannot be considered reliable. It may be 

preferable, as indicated above, to use the ratio indicators to evaluate stock status or use 

SPR proxies. The panel suggested that F40% and SSB40% proxies may be used as limit 

indicators.  

 

Given the choice of the base SCA run as the reference case, the panel suggests that if 

managers wish to use specific benchmark values they consider the estimates conditioned 

on this run. The values are given in Table 1. It should be borne in mind that these values 

will likely change at a future assessment given their sensitivity to equally plausible model 

configurations. 

 

Table 1. Management quantities based on F40%, a proxy for FMSY 

Quantity Units Estimate 

F40% y
-1 

0.07 

BF40% mt 17347 

SSBF40% mt 7891 

MSSTF40% mt 7275 

MSY F40% 1000 lb 2314 

D F40% 1000 fish 37 

R0 (bias corrected) 1000 fish 664.7 

F2006/F40%  12.021 

SSB2006/SSBF40%  0.025 

SSB2006/MSSTF40%  0.027 
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Note: Biomass and discard estimates corresponding to F40% assume equilibrium recruitment of bias-

corrected R0, as estimated by the base assessment model.  MSST=(1-M)SSB, with M equal to the Hoenig 

estimate (=0.078). 

 

 

The Review Panel (RP) noted that its instructions specified that it “…shall not provide 

specific management advice. Such advice will be provided by existing Council Committees, 

such as the Science and Statistical Committee and Advisory Panels, following completion of 

the assessment.”  Given these guidelines, the RP could not provide ABCs and felt that it was 

an inappropriate task for a review panel. The RP could review the methodology used by 

others to arrive at an ABC if provided. 

 

5. Evaluate the adequacy, appropriateness, and application of the methods 

used to project future population status; recommend appropriate 

estimates of future stock condition (e.g., exploitation, abundance, biomass). 

 

Projections conducted by the AW are conditional on the base run. They include 

stochasticity only in the stock recruitment model and this generally will underestimate the 

overall uncertainty in future projections. This problem is in part due to the restricted 

uncertainty incorporated into the stock-recruitment model and the assumption of fixed 

values for all other quantities. In particular, the assumption of a fixed initial population 

size limits the range of likely uncertainty on future stock development. The panel 

therefore felt that the projections presented should be interpreted more in qualitative 

terms and that the uncertainty envelope presented (10
th

 and 90
th

 percentiles) does not 

provide likely probabilities. However, the relative change in rebuilding time compared to 

baseline for a given F scenario is likely to be a more reliable indicator of the value of a 

chosen management regime. What is clear is that rebuilding will not occur at current F 

and that rebuilding times are long, generally on the order of decades. 

 

Interpretation of rebuilding times needs to be considered in the context of the very low 

current stock size. It is possible that stock dynamics at these apparently depleted levels 

may not be the same as the assumed stock recruitment relationship, which has been 

estimated for the whole historical time period. 

 

The panel discussed the value of projections made beyond 5-10 years. Clearly the 

uncertainty increases rapidly with time as the currently measured stock is replaced by 

model values into the future. Realistically, the projections beyond the range of the 

predominant age groups in the stock are highly uncertain. In this assessment, the best that 

can be concluded is that rebuilding times will be very long. 

 

An important aspect of the projection scenarios is the modeling of discards, which 

consider incidental bycatch which might arise in the absence of directed fishing. This 

provides a valuable metric to judge the efficacy of management measures that are unable 

to prevent all catches of red snapper. 
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6. Evaluate the adequacy, appropriateness, and application of methods used 

to characterize uncertainty in estimated parameters. Provide measures of 

uncertainty for estimated parameters. Ensure that the implications of 

uncertainty in technical conclusions are clearly stated. 

 

Uncertainty in the assessment has been characterized mainly by the use of sensitivity 

runs. These examine the change in the assessment when certain assumptions are varied. 

A large number of sensitivity runs were performed, which the panel considered. It was 

felt that these offered a useful insight into the robustness of the assessment. None of the 

runs altered the perception of the stock status. Estimates of Fmsy were very consistent at 

around F≈0.1 while SSBmsy varied between 3189-10554mt. 

 

The panel suggested a subset of the sensitivity runs, plus two additional runs to examine 

the effect of the recreational fishery catch, as a summary of the uncertainty in the 

assessment. The results are given in Table 2.  

 

 

Table 2.  Results of sensitivity runs characterizing the uncertainty in the assessment.  

Run Description Fmsy 

SSBmsy 

(mt) 

MSY  

(1000 lb) F2006/Fmsy 

SSB2006/ 

SSBmsy steep 

R0  

(1000) 

Base  0.112 5184 2319 7.51 0.04 0.95 605 

S1 Low M 0.097 6112 1977 10.36 0.03 0.95 377 

S2 High M 0.112 5089 2362 7.25 0.04 0.95 673 

S16 steep=0.8 0.131 7648 2056 9.59 0.03 0.8 562 

S17 steep=0.6 0.118 10554 1624 7.09 0.05 0.6 441 

S32 0.5 Early rec L 0.112 3189 1314 8.3 0.06 0.95 356 

S33 1.5 Early rec L 0.104 7419 3283 7.73 0.03 0.94 858 

         

S34 Finit=0.05 0.106 5431 2416 7.71 0.04 0.95 635 

S35 Finit=0.10 0.105 6069 2696 7.74 0.03 0.95 706 

S36 Finit=0.15 0.104 6600 2912 7.83 0.03 0.95 764 

         

 Surplus production 0.149 2247 3342 1.077 0.17   

 

 

 

 

As might be expected, the uncertainty described above is conditioned on the structural 

assumptions in the model and will only give a partial impression of overall uncertainty. 

The AW also ran a surplus production model, which gives a further insight into 

uncertainty. This analysis suggests that F is closer to MSY (Table 2). The analysis 

provides confidence intervals on the estimates of benchmarks that are similar to the range 

in the SCA sensitivity runs.   
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7. Ensure that stock assessment results are clearly and accurately presented 

in the Stock Assessment Report and Advisory Report and that reported 

results are consistent with Review Panel recommendations. 

 

The RP ensured that the stock assessment results were clearly and accurately presented in 

the SEDAR Summary Report for Red Snapper and that the results were consistent with 

the RP recommendations. 

  

8. Evaluate the SEDAR Process. Identify any Terms of Reference which were 

inadequately addressed by the Data or Assessment Workshops; identify 

any additional information or assistance which will improve Review 

Workshops; suggest improvements or identify aspects requiring 

clarification. 

 

The RP had no specific comments about the SEDAR process in regard to the review 

process for red snapper. However, the RP discussed issues of relevance to the overall 

SEDAR review process.  

 

The review panel appreciated the standardized layout of the data and assessment 

workshop reports, which greatly aided the reviewers in assimilating information on the 

different stocks. 

 

Panel members noted that the documents had been received approximately one week 

before the review panel convened, rather than the two weeks stipulated in the Terms of 

Reference. This delay hampered a more thorough review by the panel members, although 

this was mitigated by the thorough presentations provided by the stock experts.  

 

The review panel thanked the rapporteurs for their assistance in developing the consensus 

summary reports, and noted that their contribution was invaluable and critical in 

preparing reports prior to the closure of the Review Workshop. The panel suggested that 

the process could further be improved by SEDAR helping to prepare the rapporteurs for 

this task with a more detailed guide on how to prepare a rapporteur‟s report. 

 

The panel suggested that a fisherman-friendly one-page summary of the review 

proceedings be prepared for the Council. This could subsequently be disseminated at the 

docks to inform fishermen of the review workshop activities and findings. 

 

The international members of the review panel appreciated the presentation of a short 

summary of US management regulations and benchmarks, which was a useful reminder 

of the legislative framework in which the review panel operated. 

 

9. Review the research recommendations provided by the Data and 

Assessment workshops and make any additional recommendations 

warranted. Clearly indicate the research and monitoring needs that may 

appreciably improve the reliability of future assessments. Recommend an 

appropriate interval for the next assessment. 
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The RP supports the recommendations of data workshop.  Of the recommendations 

provided in the report, the most critical priority for stock assessment is establishment of a 

fishery independent index.  This could best be accomplished by adding gears to the 

MARMAP survey that are more effective at catching red snapper.  

 

Other important recommendations are: 

 Quantifying release mortality and length/age structure of discards, for instance by 

expanding the “Headboat at Sea Observer Survey.”  

 Using consistent otolith ageing assumptions.  

 Assessing the degree to which catchability has changed over time.   

 Improving data collection protocols. 

 

The recommendation to analyze stock structure using microsatellite genetic techniques, 

while good science, is probably less important to improving the current assessment. 

 

The panel felt that the procedure for choosing the weights in the likelihood function 

might be improved and recommends that a more rigorous protocol be investigated to 

avoid criticism of subjectivity.  

 

Bayesian methods should be considered for inference on uncertainty.  These methods 

would allow priors on steepness, natural mortality, and other parameters to be chosen in 

order to quantify uncertainty in stock status and benchmarks.  These additional 

procedures will require adequate time being afforded to assessment scientists to develop 

the appropriate tools. 

 

In order to be able to measure an improvement in the stock, the next assessment would 

need to be conducted some years (5 perhaps) after any new management measures are 

introduced. This implies an interval of about 6-7 years before the next assessment. If 

managers are particularly concerned about the status of the stock, then a shorter interval 

of 3 years might be considered to check whether any further deterioration has occurred, 

but this would not be a sufficiently long time interval to be able to detect the efficacy of 

management measures. 

 

10. Prepare a Peer Review Consensus Summary summarizing the Panel’s 

evaluation of the stock assessment and addressing each Term of 

Reference. Prepare an Advisory Report summarizing key assessment 

results.  

 

The RP prepared a Review Panel Consensus Summary and provided comments on the 

SEDAR Summary Report for Red Snapper. 

 

Reviewer Statements 

 

The panel attests that the Review Panel Consensus Summary for red snapper provides 

and accurate and complete summary of the issues discussed during the review. 
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2.2. Panel Comments on the SEDAR Process  

 

See term of reference 8 

 

2.3. Summary Results of Analytical Requests  

 

The panel was concerned about the influence of the very large recreational catch in the 

early years on the assessment. The sensitivity run (S7), which used a low estimate of 

recreational landings, was considered too extreme; the panel requested additional runs 

that examined the sensitivity of ±50% of the landings. The results did not alter the 

perceived state of the stock and are given in Table 2. 

 

A simple catch curve analysis using commercial handline and headboat age compositions 

to estimate Z was requested.  Z was primarily estimated between 0.5 and 2.0 over the 

period 1975-2006, and was on the same scale as mortality estimates produced by the 

statistical catch-at-age model (Figure 1).  This gives extra credence to the results of the 

catch-at-age model. 

 

 
Figure 1. Results of catch curve analysis. Estimates of Z are consistent with the SCA 

model. 

 

A set of runs examining the assumption of initial stock depletion was requested. These 

considered initial depletion of 5, 10 and 15 percent. Results were largely similar to 

previous runs and are summarized in Table 2. 

1992 1994 1996 1998 2000 2002 2004 2006

0.5

1.0

1.5

Catch curve analysis of commercial handline

yr

Z

1980 1985 1990 1995

0.5

1.0

1.5

Catch curve analysis of headboat

yr

Z
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3. Submitted Comments  

 

Comments were received in the following memorandum from Captain Bill Kelly 

addressed to SAFMC member Captain Tony Iarocci.  The four-page memorandum was 

discussed at the review workshop.  Comments of the review panel follow the 

memorandum. 
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The review panel discussed a submission from Captain Bill Kelly that presented the opinions of 

a number of fishermen from Miami down through the Islamorada area on the status of greater 

amberjack and mutton snapper resources (few of the fishers had red snapper in their fisheries). 

The panel welcomed the document and noted a number of points.  

 

There was considerable consistency between the opinions of the fishermen on declines in greater 

amberjack average catch weights, from 50-60 lbs to around 30 lbs. It was noted that this decline 

was fully consistent with the model results, reflecting the fishing of stock from a relatively 

unexploited state to one near MSY. 

 

The panel recognized the valuable contribution that fishermen can provide, including expert 

opinion and data collection. Undertaking co-operative approaches to survey resources in a 

structured way, providing information that might otherwise be unavailable to stock assessments, 

are extremely worthwhile, and the panel supported efforts to expand these activities. 
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SEDAR 15 SAR 1 SECTION V 

1 Revisions or Corrections 

1.1 Other than changes to the Stock Assessment Models and Review component of the 

review workshop report discussed in (2) below, no revisions or corrections wee made. 

 

2 Added Documentation of Final Review Model Configuration 

The following changes were made to the Stock Assessment Models and Review component of 

the review workshop report and are shown in the Stock Assessment Report: 

 

 

1) A figure of size at age (figure 3.20) is added.  This figure was shown during the review 

workshop in the assessment presentation, but not previously in the document for peer 

review. 

 

2) Units of measure have been stated in several locations of the text, specifically landings in 

1000 lb whole weight, discards in 1000 dead fish, and spawning biomass in mt. 

 

3) There is a correction of the description of how stochastic recruitment was modeled in 

projections (i.e., lognormal recruitment deviations were applied to the spawner-recruit 

curve without bias correction).  The methods were applied correctly, but the description 

in the report for peer review was inaccurate, as discussed during the review. 
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