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Update of King mackerel projections for the Gulf of Mexico and South Atlantic stocks based on results presented at SEDAR 5.

In response to a request from the SAFMC and GMFMC joint SSC sub-committee, projections of stock trends were carried out for the Gulf and Atlantic King mackerel stocks with updated catches assuming different levels of mixing between stocks.  The methods used followed those described in the sensitivity to mixing assumptions section of Ortiz (2004) except that the catches for the fishing seasons 2002/2003 through 2005/2006 were updated. 
The updates of directed catch by fishing year within the mixing area (Florida east coast for recreational catch, MRFSS and Headboat; and Monroe to Volusia counties for commercial catch) were allocated according to fixed percentages for each stock.  The following mixing runs and fits developed during the Assessment workshop SEDAR 5 were used for projections with the updated catch (Ortiz 2004): 

	Percent allocation catch mixing area
	Atlantic stock
	Gulf stock



	Scenario 1
	25%
	75%

	Scenario 2
	50%
	50%

	Scenario 3
	75%
	25%

	Scenario 4
	98%
	2%


Scenarios 1 to 3 follow the recommendations and conclusions from the SEDAR 5 review panel regarding the likely range of mixing between Atlantic and Gulf stocks. Scenario 4 was used as a proxy for the requested run assuming a Dade/Monroe north as 100% Atlantic and south as 100% Gulf.  This proxy was used because it was not possible to partition the recreational catch by counties for Florida.
The directed recreational and commercial catches were updated for fishing years 2002/03 through 2005/06 under each of the above scenarios.  Because 2006/07 is still ongoing, it was assumed that catch in 2006/07 was the same as in 2005/06 in all cases.  Table 1 shows the updated directed catch by fishing year and stock for each of the mixing scenarios considered.  For projections, commercial catch is input as weight (pounds), and recreational catch as numbers of fish landed.  

The catch estimates provided by MRFSS for the charter boat (cb) component after the year 2000 were modified and updated (resulting mainly in a decrease in the estimates of offshore charter boat effort).  Table 2 shows a comparison of the recreational landings as used in the last assessment for king mackerels and the current estimates with the “new” MRFSS-cb method. The new method gives substantially lower estimates, particularly for the Gulf stock). As the stock assessments were originally accomplished using the “old” MRFSS estimates, it would be most consistent to use the “old” MRFSS methodology to update the catches in the revised projections. For comparison, projections were also done using the “new” MRFSS estimates (Table 3). However, these projections are likely to be overly optimistic since the stock assessments were based on the higher “old” estimates, i.e., the projections using the lower “new” MRFSS estimates only for recent years suggest a greater proportional decline in the fishing mortality rate than actually occurred. The use of the “new” MRFSS estimates would have been more appropriate had the assessments also been conducted using the “new” estimates.   
Results

Projections for each scenario were performed for a deterministic run model and 500 bootstraps runs to infer levels of uncertainty.  Stock status was evaluated as in previous assessments by comparing the fishing mortality rates in 2006/07 FY and spawning stock biomass at the beginning of 2007/08 FY to adopted control rule benchmarks of MFMT and MSST, respectively (SEDAR 5 report).  This control rule sets the minimum stock size threshold (MSST) to (1-M)*BMSY, and the maximum fishing mortality threshold (MFMT) to FMSY for spawning stock above MSST and decreasing linearly to the origin for spawning stock sizes below MSST.  For king mackerel, stock status are defined in terms of risk/probability such that overfishing is indicated when the probability of fishing mortality exceeding FMFT, P(F>MFMT), is 50% or greater, and overfished is indicated when the probability of spawning biomass (SS) falling below MMST, 1-P(SS>MSST), is 50% or greater.   These probabilities were inferred from the cumulative probability densities of the 500 bootstrap runs.    
Table 4 shows a summary of the stock status for Atlantic and Gulf king stocks under the different mixing scenarios. The “Percent F2006 > Fref ” indicates the probability the stock is undergoing overfishing as percent units.   If this value is less than 50% it indicates that not overfishing is occurring in FY 2006/07.  The “Percent SS2007 < MSST ref ” indicates the corresponding probability value that the stock at the beginning of FY 2007/08 (or end of FY 2006/07) is below MSST.  If the value is less than 50% it indicates that the stock was likely not overfished in FY 2006/07.   Table 4 also presents the results of the deterministic run in each scenario as direct ratios of F2006/FMSY, and the F2006/FOY ratio (FOY for king mackerel was adopted as F40%SPR).   Figures 1 and 2 show the control-rule plots for Atlantic and Gulf king stocks for the different mixing scenarios.  For the Atlantic stock, in general there is larger uncertainty in the model fits and projections as indicated by the greater spread of results in the plots, compared to the Gulf stock results.   The Atlantic stock in all cases is not overfished, i.e. spawning stock is above the MSST control value, and/or the probability of SS < MSST is always below 50%.   As the percent of catch within the mixing area increases, assuming that most of the catch in the Florida east coast actually is from the Atlantic stock, the trend indicates that the stock is more exploited, i.e. the spawning stock is closer to the biomass threshold of MSST at 98% of catch allocated to the Atlantic stock unit.   This trend is also repeated in terms of fishing mortality.  F2006 is below FOY reference for mixing rates of 50% or below, at FOY for mixing rate of 75%, and slightly above MFMT at 98% mixing scenario.   In the case of the 98% mixing scenario, the deterministic run indicates an overfishing condition in FY2006, but the probability of F2006 > MFMT inferred from the bootstrap analyses is only 30%.   
For the Gulf stock Table 4 presents also the results of the stock status in FY2006.  For all mixing scenarios evaluated, the spawning stock at the end of FY2006 is above MSST.  The ratio of SS/SSMSY is higher at lower mixing levels.  Fishing mortality is also below the MFMT (FMSY) in all mixing scenarios, and for mixing levels of 25% of less F2006 is at or below FOY proxy.  In conclusion no overfishing is going on in FY2006 for the Gulf stock under any mixing allocation evaluated.
Table 5 presents the estimated benchmarks for the Atlantic and Gulf stock under mixing scenarios and estimated allowable biomass (ABC) for the FY2007 if long term target is either FMSY (30%SPR) or FOY (40%SPR).  The values presented are the median of 500 bootstraps with 10% and 80% percentiles of the cumulative distributions.   For the Atlantic stock ABC (30%SPR) ranged from 9.1 to 10.9 million pounds for the different mixing levels, while ABC 40%SPR ranged from 6.6 to 7.9 million pounds.  For the Gulf stock ABC (30%SPR) ranged from 9.1 to 9.4 million pounds and ABC (40%SPR) from 6.5 to 6.7 million pound.  (Note that these ABC values are scaled in terms of the “old” MRFSS cb methodology; if quota compliance is measured in terms of the “new” MRFSS methodology, then an adjustment must be made to account for this.) All other benchmarks are the same as in the last assessment reports (SEDAR 5) as the models were not modified; only projections were performed with updated catches.    Figure 3 shows these benchmark values for each mixing scenario, bars represent estimated 80% confidence bounds. 
The aforementioned results pertain to the projections that used catches updated through 2005/06 using the “old” MRFSS charterboat methodology (as was used for the assessments the projections are based on). As mentioned previously, changes in the methodology for estimating catch and effort of the MRFSS recreational fisheries went into effect after 2000.  The “new” estimates are substantially lower than those obtained with the “old” methodology, particularly for the Gulf stock recreational catch (Table 2).  For comparison purposes, projections of mixing scenarios were also done using estimated recreational catch with the “new” charter boat MRFSS estimates (Table 6).  As expected, the estimates of stock status are slightly more optimistic. The drop in total catch levels from the assessment years (“old” method estimates) to the levels used for the projection years (“new” method estimates) is exaggerated owing to the change in methodology, which in turn exaggerates the reduction in fishing mortality predicted by the projections and makes future stock status appear slightly better. Again, it must be emphasized that theses projections are NOT consistent with the assessment models they are based on. To be consistent, the “new” MRFSS estimates should be incorporated in the historical catch (i.e. within the VPA time period) as well as in the projections, which would essentially entail a new assessment. 
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Table 1.  Commercial and recreational total catch by fishing year for the Atlantic and Gulf king mackerel stock under different scenarios (1 to 4) of allocation of the catch within the mixing area.  Commercial catch is in pounds, recreational catch in numbers of fish landed (AB1).  Shaded areas represent the years of updated catch for projections from the mixing models run during the assessment workshop SEDAR 5.   The recreational estimates use the same model (“Old”-cb MRFSS) for estimating the charter boat component of MRFSS as were in the VPA assessments of Gulf and king mackerel SEDAR 5. 
	COMMERCIAL CATCH

	
	Scenarios of mixing
	1
	2
	3
	4

	
	Atlantic
	25%
	50%
	75%
	98%

	
	Gulf
	75%
	50%
	25%
	2%

	
	
	
	
	
	

	MigGrp
	Fyear
	lbs
	lbs
	lbs
	lbs

	Atlantic
	2000/2001
	1,747,757 
	    2,431,962 
	       3,116,166 
	       3,745,635 

	
	2001/2002
	1,676,836 
	    2,345,331 
	       3,013,825 
	       3,628,840 

	
	2002/2003
	1,564,529 
	    2,274,939 
	       2,985,349 
	       3,638,926 

	
	2003/2004
	1,361,007 
	    2,078,840 
	       2,796,672 
	       3,457,077 

	
	2004/2005
	2,072,282 
	    2,951,651 
	       3,831,019 
	       4,640,038 

	
	2005/2006
	2,087,981 
	    2,781,538 
	       3,475,094 
	       4,113,166 

	Gulf
	2000/2001
	3,441,248 
	    2,757,044 
	       2,072,839 
	       1,443,370 

	
	2001/2002
	3,278,282 
	    2,609,788 
	       1,941,293 
	       1,326,278 

	
	2002/2003
	3,408,387 
	    2,697,977 
	       1,987,567 
	       1,333,990 

	
	2003/2004
	3,553,371 
	    2,835,539 
	       2,117,706 
	       1,457,301 

	
	2004/2005
	3,977,871 
	    3,098,503 
	       2,219,134 
	       1,410,115 

	
	2005/2006
	3,244,279 
	    2,550,723 
	       1,857,166 
	       1,219,095 


	Recreational Catch (Headboat + MRFSS + TXWP)

	
	Scenarios of mixing
	1
	2
	3
	4

	“Old”-cb method MRFSS
	 
	 
	 
	 

	 
	Atlantic
	25%
	50%
	75%
	98%

	 
	Gulf
	75%
	50%
	25%
	2%

	
	
	
	
	
	

	MigGrp
	Fyear
	Numb
	Numb
	Numb
	Numb

	Atlantic
	1998/1999
	       311,459 
	       396,287 
	       481,115 
	       559,157 

	
	1999/2000
	       211,420 
	       297,875 
	       384,330 
	       463,869 

	
	2000/2001
	       332,685 
	       430,292 
	       527,898 
	       617,697 

	
	2001/2002
	       209,640 
	       269,174 
	       328,709 
	       383,481 

	
	2002/2003
	       191,056 
	       289,832 
	       388,608 
	       479,481 

	
	2003/2004
	       243,954 
	       340,436 
	       436,918 
	       525,682 

	
	2004/2005
	       208,413 
	       280,806 
	       353,198 
	       419,799 

	
	2005/2006
	       246,193 
	       302,864 
	       359,535 
	       411,673 

	Gulf
	1998/1999
	       682,960 
	       598,132 
	       513,304 
	       435,262 

	
	1999/2000
	       623,537 
	       537,082 
	       450,627 
	       371,089 

	
	2000/2001
	       803,780 
	       706,173 
	       608,567 
	       518,768 

	
	2001/2002
	       694,987 
	       635,452 
	       575,918 
	       521,146 

	
	2002/2003
	       686,642 
	       587,866 
	       489,090 
	       398,217 

	
	2003/2004
	       684,351 
	       587,869 
	       491,387 
	       402,623 

	
	2004/2005
	       621,602 
	       549,210 
	       476,817 
	       410,216 

	
	2005/2006
	       582,444 
	       525,773 
	       469,102 
	       416,964 


Table 2.  Comparison of the estimated recreational catch from the MRFSS component for Atlantic and Gulf king mackerel stock using the prior (Old-cb) and current (New-cb) methods.  Assessments in 2003 (Atlantic stock) and 2004 (Gulf stock) used recreational catch from the prior method.   Values are in thousand fish landed (AB1). 
	MigGrp
	FYear
	New-cb MRFSS
	Old-cb MRFSS
	Last SA
	Difference

	
	
	1000 x
	1000 x
	SA2003
	

	Atlantic
	1998/1999
	       438.5 
	       438.5 
	438.4
	       (0.07)

	
	1999/2000
	       359.2 
	       359.2 
	359.2
	       (0.04)

	
	2000/2001
	       551.5 
	       551.5 
	551.4
	       (0.07)

	
	2001/2002
	       336.5 
	       336.5 
	336.6
	         0.12 

	
	2002/2003
	       277.4 
	       277.4 
	
	

	
	2003/2004
	       425.8 
	       448.2 
	
	

	
	2004/2005
	       341.3 
	       344.5 
	
	

	
	2005/2006
	       409.8 
	       384.5 
	
	

	
	
	             -   
	
	SA2004
	

	Gulf
	1998/1999
	       453.5 
	       556.0 
	561
	     107.55 

	
	1999/2000
	       408.5 
	       475.7 
	471
	       62.48 

	
	2000/2001
	       445.6 
	       585.0 
	585
	     139.45 

	
	2001/2002
	       442.0 
	       568.1 
	570
	     128.01 

	
	2002/2003
	       526.6 
	       600.3 
	
	

	
	2003/2004
	       412.3 
	       480.1 
	
	

	
	2004/2005
	       430.8 
	       485.6 
	
	

	
	2005/2006
	       390.0 
	       200.2 
	
	


Table 3.   Updated recreational catch (numbers of fish retained AB1) for Atlantic and Gulf king mackerel estimated with the “New” charter boat method by MRFSS by fishing year under different scenarios (1 to 4) of allocation of the catch within the mixing area.
	Recreational Catch (Headboat + MRFSS + TXWP)
	
	

	
	Scenarios of mixing
	1
	2
	3
	4

	“New” cb method MRFSS
	 
	 
	 

	 
	Atlantic
	25%
	50%
	75%
	98%

	 
	Gulf
	75%
	50%
	25%
	2%

	
	
	
	
	
	

	MigGrp
	Fyear
	Numb
	Numb
	Numb
	Numb

	Atlantic
	1998/1999
	311,459 
	396,287 
	        481,115 
	          559,157 

	
	1999/2000
	211,420 
	297,875 
	        384,330 
	          463,869 

	
	2000/2001
	332,685 
	430,292 
	        527,898 
	          617,697 

	
	2001/2002
	209,640 
	269,174 
	        328,709 
	          383,481 

	
	2002/2003
	192,709 
	293,138 
	        393,568 
	          485,962 

	
	2003/2004
	236,749 
	326,025 
	        415,302 
	          497,437 

	
	2004/2005
	206,587 
	277,222 
	        347,858 
	          412,843 

	
	2005/2006
	257,412 
	320,015 
	        382,619 
	          440,214 

	Gulf
	1998/1999
	580,462 
	495,634 
	        410,806 
	          332,764 

	
	1999/2000
	556,345 
	469,890 
	        383,435 
	          303,897 

	
	2000/2001
	664,333 
	566,726 
	        469,119 
	          379,321 

	
	2001/2002
	568,835 
	509,300 
	        449,766 
	          394,994 

	
	2002/2003
	611,342 
	510,913 
	        410,484 
	          318,089 

	
	2003/2004
	601,297 
	512,020 
	        422,743 
	          340,608 

	
	2004/2005
	565,567 
	494,931 
	        424,295 
	          359,310 

	
	2005/2006
	542,407 
	479,804 
	        417,200 
	          359,605 


Table 4.    Stock status of Atlantic and Gulf king mackerel at the end of the fishing year (FY) 2006 under different scenarios of allocation of the catch within the mixing area.   Stock evaluations are based on VPA mixing model runs done during the assessment workshop SEDAR 5 and updated with catch from FY2002 through FY2005, for FY2006 it was assumed similar catches as in FY2005.  
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Allocation of the CAA Mixing Area for each stock

ATLANTIC STOCK

GULF STOCK

Summary of F ratios Summary of F ratios

25% MixRun MODEL Mix 25 75% MixRun MODEL 75% Mix

F/Fmsy F / Foy F/Fmsy F / Foy

Deterministic 0.473008 0.6694 Deterministic 0.854427 1.20925

Percent F2006> F ref 0.2% 2.6% Percent F2006> F ref 38% 79%

N boots F2006 > F ref 1 13 N boots F2006 > F ref 192 397

Percent SS2007< MSST ref 0.01          Percent SS2007< MSST ref 37%

N boots SS2007 < SS ref 4 N boots SS2007 < SS ref 184

50% MixRun MODEL Mix 50% 50% MixRun MODEL 50% Mix

F/Fmsy F / Foy F/Fmsy F / Foy

Deterministic 0.605008 0.855201 Deterministic 0.799451 1.13885

Percent F2006> F ref 3.2% 16% Percent F2006> F ref 26% 68%

N boots F2006 > F ref 16 79 N boots F2006 > F ref 130 342

Percent SS2007< MSST ref 4% Percent SS2007< MSST ref 31%

N boots SS2007 < SS ref 21 N boots SS2007 < SS ref 155

75% MixRun MODEL Mix 75 25% MixRun MODEL 25% Mix

F/Fmsy F / Foy F/Fmsy F / Foy

Deterministic 0.73442 1.037284 Deterministic 0.693945 0.992816

Percent F2006> F ref 8% 31% Percent F2006> F ref 15% 50%

N boots F2006 > F ref 38 154 N boots F2006 > F ref 75 252

Percent SS2007< MSST ref 6% Percent SS2007< MSST ref 20%

N boots SS2007 < SS ref 32 N boots SS2007 < SS ref 98

98% MixRun MODEL Atl 98%

2% MixRun

MODEL Gulf 2% Mix

F/Fmsy F / Foy F/Fmsy F / Foy

Deterministic 1.025795 1.480651 Deterministic 0.595706 0.860616

Percent F2006> F ref 30% 64% Percent F2006> F ref 4% 30%

N boots F2006 > F ref 150 321 N boots F2006 > F ref 21 151

Percent SS2007< MSST ref 23% Percent SS2007< MSST ref 8%

N boots SS2007 < SS ref 113 N boots SS2007 < SS ref 41



Table 5.   Summary of estimated benchmarks for the Atlantic and Gulf king mackerel stocks under different mixing scenarios and estimated ABC for the FY 2007 of long term target FMSY (30%SPR) or FOY (40%SPR).   Median, low 80% and upper 80% values represent the median, 10th percentile and 90th percentile, respectively of 500 bootstrap runs for each case.  The deterministic value is the point estimated of the non-bootstrapped model.
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% Mixed Atl 98%

SS MSY F MSY MSY SS OY F OY OY ABC 30% 2007 ABC 40% 2007

Median 4.159 0.312 8.318 5.609 0.218 7.738 9.1 6.6

low 80% 3.319 0.269 6.379 4.601 0.191 6.175 5.2 3.8

upp 80% 5.656 0.369 11.518 7.602 0.256 10.520 15.1 10.9

deterministic 3.908 0.284 7.872 5.210 0.197 7.306

% Mixed Atl 75%

SS MSY F MSY MSY SS OY F OY OY ABC 30% 2007 ABC 40% 2007

Median 4.192 0.318 7.989 5.751 0.225 7.616 10.9 7.9

low 80% 3.108 0.275 5.919 4.541 0.195 5.917 6.7 4.9

upp 80% 5.628 0.369 11.128 7.432 0.260 10.258 17.1 12.4

deterministic 3.900 0.307 7.626 5.200 0.217 6.997

% Mixed Atl 50%

SS MSY F MSY MSY SS OY F OY OY ABC 30% 2007 ABC 40% 2007

Median 3.772 0.309 7.359 5.113 0.218 6.929 10.4 7.6

low 80% 2.701 0.267 4.985 4.135 0.189 5.343 6.3 4.6

upp 80% 5.184 0.363 10.466 6.956 0.255 9.747 15.8 11.8

deterministic 3.561 0.297 6.971 4.748 0.210 6.410

% Mixed Atl 25%

SS MSY F MSY MSY SS OY F OY OY ABC 30% 2007 ABC 40% 2007

Median 3.352 0.304 6.533 4.670 0.214 6.262 10.0 7.2

low 80% 2.262 0.266 4.341 3.721 0.187 4.909 7.0 5.1

upp 80% 4.686 0.351 9.431 6.341 0.247 9.027 16.0 11.6

deterministic 3.225 0.287 6.322 4.300 0.203 5.826

% Mixed Glf 75%

SS MSY F MSY MSY SS OY F OY OY ABC 30% 2007 ABC 40% 2007

Median 5.859 0.267 10.413 7.852 0.188 9.225 9.3 6.7

low 80% 5.108 0.233 8.813 6.826 0.164 7.835 5.7 4.1

upp 80% 6.816 0.364 12.200 9.044 0.253 10.794 14.2 10.3

deterministic 5.940 0.232 10.485 7.920 0.164 9.263

% Mixed Glf 50%

SS MSY F MSY MSY SS OY F OY OY ABC 30% 2007 ABC 40% 2007

Median 5.355 0.285 9.529 7.147 0.199 8.472 9.1 6.5

low 80% 4.742 0.235 8.219 6.356 0.166 7.276 5.8 4.1

upp 80% 6.212 0.415 11.404 8.235 0.283 9.942 13.9 10.1

deterministic 5.385 0.256 9.508 7.180 0.180 8.405

% Mixed Glf 25%

SS MSY F MSY MSY SS OY F OY OY ABC 30% 2007 ABC 40% 2007

Median 4.969 0.293 8.776 6.635 0.203 7.791 9.1 6.5

low 80% 4.356 0.239 7.410 5.831 0.167 6.619 5.7 4.0

upp 80% 5.651 0.429 10.272 7.568 0.294 9.038 13.2 9.5

deterministic 4.953 0.267 8.709 6.603 0.187 7.693

% Mixed Glf 2%

SS MSY F MSY MSY SS OY F OY OY ABC 30% 2007 ABC 40% 2007

Median 4.584 0.315 8.114 6.107 0.217 7.212 9.4 6.7

low 80% 4.030 0.247 7.046 5.371 0.171 6.219 6.4 4.5

upp 80% 5.251 0.499 9.565 7.015 0.331 8.518 12.9 9.2

deterministic 4.551 0.295 8.082 6.067 0.204 7.143


Table  6.  Stock status of Atlantic and Gulf king mackerel at the end of the fishing year (FY) 2006 under different scenarios of allocation of the catch within the mixing area using the MRFSS estimates with the “new” cb method.   Stock evaluations are based on VPA mixing model runs done during the assessment workshop SEDAR 5 and updated with catch from FY2002 through FY2005, for FY2006 it was assumed similar catches as in FY2005.
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ATLANTIC

GULF

Summary of F ratios Summary of F ratios

25% MixRun MODEL Mix 25 75% MixRun MODEL 75% Mix

F/Fmsy F / Foy F/Fmsy F / Foy

Deterministic 0.48325 0.683896 Deterministic 0.788638 1.11614

Percent F2006> F ref 0.2% 3.0% Percent F2006> F ref 29% 72%

N boots F2006 > F ref 1 15 N boots F2006 > F ref 147 359

Percent SS2007< MSST ref 0.01          Percent SS2007< MSST ref 30%

N boots SS2007 < SS ref 5 N boots SS2007 < SS ref 149

50% MixRun MODEL Mix 50 50% MixRun MODEL 50% Mix

F/Fmsy F / Foy F/Fmsy F / Foy

Deterministic 0.62042 0.876985 Deterministic 0.723836 1.031133

Percent F2006> F ref 4.0% 18% Percent F2006> F ref 17% 58%

N boots F2006 > F ref 20 92 N boots F2006 > F ref 87 291

Percent SS2007< MSST ref 4% Percent SS2007< MSST ref 24%

N boots SS2007 < SS ref 22 N boots SS2007 < SS ref 118

75% MixRun MODEL Mix 75 25% MixRun MODEL 25% Mix

F/Fmsy F / Foy F/Fmsy F / Foy

Deterministic 0.754905 1.066218 Deterministic 0.61343 0.877624

Percent F2006> F ref 8% 33% Percent F2006> F ref 7% 36%

N boots F2006 > F ref 40 166 N boots F2006 > F ref 37 180

Percent SS2007< MSST ref 7% Percent SS2007< MSST ref 15%

N boots SS2007 < SS ref 33 N boots SS2007 < SS ref 77

98% MixRun MODEL Atl 98% 2% MixRun MODEL Gulf 2% Mix

F/Fmsy F / Foy F/Fmsy F / Foy

Deterministic 1.056139 1.52445 Deterministic 0.509198 0.735638

Percent F2006> F ref 34% 67% Percent F2006> F ref 1% 15%

N boots F2006 > F ref 172 336 N boots F2006 > F ref 5 75

Percent SS2007< MSST ref 23% Percent SS2007< MSST ref 5%

N boots SS2007 < SS ref 114 N boots SS2007 < SS ref 25
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[image: image5.emf]Atlantic King 2006 F year phase plot MODEL Mix 25
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[image: image7.emf]Atlantic King 2006 F year phase plot MODEL Mix 75
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Figure � SEQ Figure \* ARABIC �1�.  Phase plots of 500 bootstraps for the Atlantic king mackerel stock under different scenarios of catch allocation from the mixing area.   The red solid line denotes the MFMT control rule (FMSY), the vertical line the MSST, and the green line the target (FOY) control rules.  The larger diamond marker represents the deterministic run in each case. 





Figure � SEQ Figure \* ARABIC �2�.   Phase plots of 500 bootstraps for the Gulf king mackerel stock under different scenarios of catch allocation from the mixing area.   The red solid line denotes the MFMT control rule (FMSY), the vertical line the MSST, and the green line the target (FOY) control rules.  The larger diamond marker represents the deterministic run in each case.





Figure � SEQ Figure \* ARABIC �3�.   Comparison of estimated Atlantic and King mackerel benchmarks under different allocations of catch from the mixing area.   Bars represent estimated 80% confidence intervals, marker the median of 500 bootstrap runs. 
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[image: image11.emf]Gulf King 2006 F year phase plot MODEL Gulf 2% Mix
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[image: image12.emf]Gulf King 2006 F year phase plot MODEL 25% Mix
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