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Introduction


Atlantic herring for the Gulf of Maine/Georges Bank area were last assessed in a benchmark assessment in May 2006 (O’Boyle and Overholtz 2006).  The meeting participants agreed on an assessment model structure and input data. However, there remained unresolved several outstanding issues such as a significant retrospective pattern.  An update of that assessment was requested for the 2009 TRAC meeting and terms of reference developed. Among the TORs addressed in this working document:
- Update results with the latest information from fisheries, including discards if appropriate, and research surveys.

- Apply the benchmark formulation to update the status of Gulf of Maine/Georges Bank Atlantic herring through 2008 and characterize the uncertainty of estimates.

- Review the retrospective pattern and consider alternative model formulations to address uncertainty in status determination and harvest forecast.

- Using the established harvest strategy biological reference points, review projections to meet the requirements of both countries.

Landings


Since the last assessment through 2005, commercial landings of Atlantic herring in the Gulf of Maine/Georges Bank stock complex increased slightly in 2006 and 2007 to 116.0 kmt and 112.6 kmt,  respectively.  Landing in 2008 declined to 90 kmt.  Landing by area showed a slight decline on Georges Bank from 16.7 kmt in 2005 to 13.1 kmt in 2008, a decrease in the Gulf of  Maine from 67.8 kmt to 47.9 kmt and an increase in southern New England from 18.5 kmt to 22.5 kmt.  The largest annual variation in landings has occurred in the New Brunswick weir fishery which has ranged from 12.9 kmt in 2006 up to 30.9 kmt in 2007, followed by a decline to 6.5 kmt in 2008.  The proportion of the catch from Canadian weir fisheries since 2005 ranges from 7 to 27% of total landings.  As in the 2005 assessment, commercial discards of Atlantic herring were not estimated.

As discussed in the TRAC Proceeding 2006/1, commercial landings information since 1960 were reviewed and modified by Maine DMR.  These adjusted landings served as the basis for development of a new catch at age time series. Adjustments in US landings from 1960-1963 resulted in a decrease in estimated landings of 15 to 22%.  Estimates from 1964 to 2002 were all increases and were in the order of 30%, ranging from 4% to 61% increases.  No adjustments were made to the New Brunswick weir landings.
Catch at Age

Annual age data were applied to the new U.S. catch data  to produce a catch at age series from 1960 to 2008. Comparable catch at age from New Brunswick weir fisheries were provided by DFO.  As  per recommendations of the TRAC 2006,  the catch at age matrix was truncated at an age 6+ category.  Total number landed in the Can weir fishery has varied annually depending on the abundance of age 1 recruits. In 2005, the weir fishery landed 1.1 million age 1 fish however in 2006 the number of age 1 herring landed jumped to 231.3 million fish. This large 2005 cohort was again evident in the 2007 fishery as age 2 and was seen as age 2 in the US fishery in 2007. The contribution of weir landings to total landings number have ranged from 18% in 2005 to 45% in 2007. Landings from US fisheries since 2005 has steadily declined from 922 million in 2006 to 634 million in 2008. The catch has been dominated by age 2 and 3 fish in 2007 and 2008, respectively.  The proportion of landings in the 6+ category has increased since 2006 from 9% to 29% in 2008.
Indices of abundance 


Overall indices of abundance were updated through 2008 surveys.  Indices included the NMFS winter, spring and fall cruises as well as the NMFS acoustic survey.  The NMFS winter survey series was terminated after the 2007 cruise. Estimates from the winter 2003 cruise were updated resulting in new values. General trends of total indices (all ages included) show stable number and weight per tow in the winter surveys through 2007, but a general declining trend in spring numbers and weight since peaking in 1999.  Fall surveys show a decline between 2003 and 2005 but stable thereafter. 

Survey indices disaggregated by age identifies recent large year classes beginning with the 1994 year class as age 2 in the winter, spring and fall surveys.  Additionally the 1998 and 2002 year classes appear in several indices as well above average.  Most recently the 2005 year class is strong in the fall of 2007 as age 2 and in 2008 as age 3. This corresponds to the appearance of the 2005 cohort in the commercial landings. 
Examination of the NMFS fall indices for age 1 herring since 1987 (age data not immediately available prior to 1987) also show significant year classes in 1994 and 2002 however do not suggest large 1998 or 2005 year classes.


The NMFS herring acoustic time series was updated from the previous assessment. In the 2006 assessment the acoustic data was converted to absolute biomass. In the most recent iteration, the acoustic data was converted as a simple index of abundance (see Overholtz working paper).  

ASAP model

The TRAC 2006 concluded with a model formulation as follows (page 22):

An ASAP is to be used using the annual catch at age, Ca,t for ages a = 2 to 5, 6+ and time t =1967 to the terminal year, where t represents the beginning of the time interval during which the catch was taken.

The ASAP is calibrated to the following survey indices:

NMFS spring, ages a = 2 to 5, 6+, time t = 1968 to 1984

NMFS spring, ages a = 2 to 5, 6+, time t = 1985 to terminal time

NMFS fall, ages a = 2 to 5, 6+, time t = 1967.5 to 1984.5

NMFS fall, ages a = 2 to 5, 6+, time t = 1985.5 to terminal time

NMFS winter, ages a = 2 to 5, 6+, time t = 1992 to terminal time

NMFS Acoustic, a=2 to 5, 6+, time t= 1999 to terminal time.

The lognormal errors in the indices are assumed independent and identically distributed. The relationship between the indices and population abundance is assumed proportional. The tuning indices’ observations are all equally weighted. The stock/recruitment relationship is turned off by estimating a mean level of recruitment and deviations about the mean level. The numbers at age in the first year, 1967, are freely estimated.  Fishery selectivity is set to one for ages 2+. Natural mortality is assumed to be 0.2 for all ages and years.  Maturity at age for all years is set to 0.21, 0.86, 0.93, 0.98, and 1.00 for ages 2 through 6+, respectively. Spawning stock biomass is calculated as the sum of mid-year numbers at age times maturity at age times weight at age. Total biomass is calculated outside the model using weights at age for the start of the year times numbers at age at the start of the year. 


Since the 2006 assessment, the NFT software for the forward catch at age model (ASAP (Legault and Restrepo 1999)) has been upgraded to version 2.0.1.9. Consequently there are some required changes to the input parameters possibly resulting in some minor changes in output.  The initial phase of the assessment update was to create an input file for the new ASAP version that produced similar results as the  2006 model.  The input file that recreated the 2006 results served as the basis for updating the new ASAP file.  A number of variations of the update of the original model will be presented to evaluate the influence of the newest information.

An initial update involved adding 2006 through 2008 landings at age to the original 1967 through 2005 series as well as using the new acoustic series of indices (and modified 2003 winter indices).  The model followed the same formulation as previously described with the exception that Rivard weights were calculated for Jan 1 weights at age and the timing of spawning was moved to fall rather than mid-year.  The results of the initial update resulted in an increase in F and decrease in biomass since 2005 (Table   , Figure   ). The effects of the retrospective bias was evident in that the 2005 F estimate changed from 0.11 to 0.20 and 2005 total biomass declined from 1121 kmt to 551 kmt.  The 2008 estimate of  F was 0.22 and total biomass declined to 493 kmt.  The retrospective bias persisted in F and SSB (Table  , Figure   ).

With the availability of a new catch at age time series, the 2005 model formulation was run with the new catch series.  The resulting fishing mortality estimate for 2005 was 0.07, compared to the original of 0.11. Total biomass estimate increased from 1,121 to 1,620 kmt and SSB from 781 kmt to 1,173 kmt.   The penalized likelihood for the model with updated CAA was 3287.2 compared to the original of 3196.9.
The new catch times series was updated with 2006 to 2008 catch at age and indices at age.  Otherwise the formulation of model remained the same as 2005 .  Results of this model (Base 2009) estimates a 2008 fishing mortality of 0.18, total biomass of 540 kmt and SSB of 402 kmt. Additionally the model estimated 2005 F equal to 0.18 (compared to the original estimate of 0.11) and 2005 total biomass of 720 kmt compared to the original 2005 value of 1,121 kmt.   The retrospective pattern persisted and the Mohn’s rho values (Mohn 1999) for F (using 6 peels) decreased from  -2.31 in 2005 to  -3.63   in the new base model and in a similar comparison for SSB changed from 4.19 to 7.72. 

Variations on the Base model were run by including age 1 catch with the NMFS age 1 fall index;  including age 1 and removing or downweighting the acoustic index series; base run without the acoustic index, a base model with increased natural mortality estimates based on Overholtz and Link (2007) estimates and partitioning the catch at age into U.S. and Canadian fleets.  Results of the various runs are presented in Tables       .

The selection of a preferred model in the ASAP framework based on any single quantitative criteria can be somewhat problematic.  Changes in the model formulation will change the penalized likelihood values and consequently cannot be compared directly.  The approach chosen in this iteration is was comparison of results to the 2005 estimates and the rank order of the Mohn’s rho values for F and SSB.  The model that was most comparable to 2005 estimates and had the highest combined ranking for F and SSB retrospective was the model including age 1 catch and indices and with the NMFS acoustic index downweighted.  Although the model removing the acoustic survey entirely performed somewhat better, this deviated even further from the 2005 model configuration.  The resulting preferred model estimated F in 2005 and 2009 equal to 0.09, a decrease in total biomass from 1,167 kmt in 2005 to 1,080 kmt in 2008 and a decline in SSB from 947 kmt in 2005 to 874 kmt in 2008.  Catch selectivity was estimated for ages 1 and 2 and produced age 1 selectivity of 0.12 and age 2 at 1.0.  The inclusion of the age 1 catch and indices also increases predictive power in projections by providing information on incoming cohorts that are not fully selected by the fishery.  Results and comparisons of the various models are provided in Tables   and Figures      .

An MCMC option was run for the preferred model (age 1 included, down-weighted acoustic index, selectivity fitted for age 1 and 2 catch) to estimate uncertainty in the model results. One thousand iterations were performed and resulted in distributions around fishing mortality, total biomass and SSB estimates. Results are presented in Table   and Figures  

Retrospective bias


Significant retrospective patterns persisted in most all the model variations examined. Generally fishing mortality estimates behaved better than biomass estimates which were sometimes produced relative differences on the order of 100% since 2005.  Examination of the Base model update shows significant bias in the estimates of the 6+ group, which in turn imparts large biases in the biomass estimates.  Additional model formulations used to examine retrospective bias included a run with increasing weights at age in the 6 plus category, a run with increased M in the plus category as well as a run with increased M in age 1 and 2.  In all the various runs, the only formulation which noticeably reduced retrospective patterns in SSB was by increasing M in the plus group to 0.6.  
Projections

Stochastic projections were done for two years per the recommendation of TRAC 2006.  Partial recruitment was assumed flat-topped for ages 2 and greater, weights at age averaged for the last three years, recruitment was averaged for the last 10 years and no adjustments were made for the retrospective patterns.  Fishing mortality was projected for status quo F2008=0.09 as well as for Fmsy. Average recruitment for the previous 10 years was 3,065 million fish at age 1. Results at F=0.09 show a decline in mean biomass from 1,081 kmt in 2009 to 899.3 kmt in 2011, SSB would decline from 1,049.4kmt in 2009 to 763.7 kmt in 2011. Associated landings would decline from 96,006 in 2009 to 75,907 mt in 2011.  If fishing mortality were increased to Fmsy, = 0.31 and age 1 recruitment randomly chosen from the 1967-2008 time series,  total biomass would decline from 976.5 kmt in 2009 to 586.8 kmt in 2011, SSB would decline from 961 kmt in 2009 to 461.5 kmt in 2011.  Landings in 2009 would project to be 298.5 kmt , declining to 164.4 kmt in 2011.  
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Table 1.  Atlantic herring landings (mt) - revised 1967-2005 values.
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YEAR GB GB GB GoM GoM SNE/MA SNE/MA FOR

TOTAL

1960 105 49,169 10 49,169 34,304 34,419

83,588

1961 67,653 21,954 2 25 21,979 8,054 75,709

97,688

1962 151,522 144 59,258 59,258 20,698 172,364

231,622

1963 97,307 227 53,245 661 53,245 29,366 127,561

180,806

1964 130,954 160 636 41,304 484 101 41,565 29,432 161,506

203,071

1965 40,452 217 30 51,340 2,430 131 51,688 33,460 76,372

128,060

1966 136,670 12 47 42,047 6,034 390 42,449 35,805 178,556

221,005

1967 213,976 22 5,226 51,518 4,768 254 51,794 30,032 254,002

305,796

1968 304,173 9 21,497 50,359 69,426 192 50,560 33,145 428,241

478,801

1969 208,099 794 26,088 32,724 101,428 2,022 35,540 26,539 362,154

397,694

1970 196,679 272 13,716 43,789 50,615 1,352 45,413 15,840 276,850

322,263

1971 213,427 1,210 19,498 44,098 53,947 1,512 46,820 12,660 299,532

346,352

1972 149,708 12 24,220 47,310 24,482 2,793 50,116 32,699 231,109

281,225

1973 169,834 162 10,725 34,461 32,501 6,817 41,440 19,935 232,995

274,435

1974 129,037 173 7,865 48,154 20,473 4,800 53,127 20,602 177,977

231,104

1975 135,626 2 5,249 44,070 10,470 7,226 51,298 30,819 182,164

233,462

1976 41,950 508 921 69,947 1,552 459 70,915 29,206 73,629

144,544

1977 106 382 79,542 2,031 1,552 81,093 23,487 26,006

107,099

1978 2 1 582 65,272 2,102 4,773 70,046 38,842 41,528

111,574

1979 5 5 78,687 1,231 1,120 79,812 37,828 39,064

118,876

1980 166 166 96,477 1,365 1,271 97,914 13,525 15,056

112,970

1981 22 21 83,845 850 884 84,750 19,080 19,952

104,702

1982 1 42,922 1,525 44,448 25,963 25,963

70,411

1983 3 33,160 67 33,230 11,383 11,383

44,613

1984 10 46,584 66 46,660 8,698 8,698

55,358

1985 162 33,024 166 33,352 27,863 27,863

61,215

1986 3 39,604 612 40,219 27,883 27,883

68,102

1987 12 49,502 443 49,957 27,320 27,320

77,277

1988 9 52,852 756 53,617 33,421 33,421

87,038

1989 4 55,533 305 55,842 44,112 44,112

99,954

1990 20 91 54,688 698 55,406 38,778 38,869

94,275

1991 613 64 68,331 11,222 80,165 24,576 24,640

104,805

1992 10 82,013 10,726 92,749 31,968 31,968

124,717

1993 135 70,235 6,510 76,880 31,572 31,572

108,452

1994 266 60,825 2,876 63,701 22,241 22,507

86,208

1995 83,184 23,001 106,185 18,248 18,248

124,433

1996 2,232 2,491 82,524 30,242 114,998 15,913 18,404

133,402

1997 7,016 79 90,433 26,159 123,608 20,552 20,631

144,239

1998 28,686 53,774 24,073 106,534 20,092 20,092

126,626

1999 7,070 78,190 25,293 110,553 18,592 18,592

129,145

2000 15,321 275 66,573 26,923 108,818 16,830 17,105

125,923

2001 1,241 43,813 3,317 60,716 15,496 120,025 20,210 24,768

144,793

2002 18,040 1,605 63,905 11,237 93,183 11,807 13,412

106,595

2003 23,495 62,287 15,054 100,836 9,003 9,003

109,839

2004 18,194 64,663 11,570 94,427 20,620 20,620

115,047

2005 16,672 61,998 14,589 93,259 12,639 12,639

105,898

2006 16,769 67,848 18,510 103,128 12,863         12,863

115,991

2007 10,271 51,212 20,178 81,661 30,943         30,943

112,604

2008 13,144 47,941 22,495 83,580 6,448           6,448

90,029


Table 2. Atlantic herring U.S. catch at age, 1967-2008 (millions). 
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Year 1 2 3 4 5 6+ total

1967 36.5 389.4 312.5 230.3 158.8 750.3 1878

1968 118.0 2596.1 919.3 215.9 317.8 847.4 5014

1969 38.3 2565.4 483.4 249.2 241.3 681.8 4259

1970 62.8 301.7 124.0 328.1 238.7 572.5 1628

1971 636.7 202.4 454.1 326.4 317.5 476.9 2414

1972 13.7 837.0 109.2 177.9 202.3 392.8 1733

1973 27.9 355.9 914.3 198.3 90.5 225.1 1812

1974 33.4 232.2 178.3 780.6 94.1 69.4 1388

1975 53.6 288.6 113.1 122.3 581.4 116.7 1276

1976 53.8 545.4 250.4 42.8 49.3 214.7 1156

1977 113.0 613.4 95.1 103.0 33.8 152.2 1111

1978 61.4 503.0 127.8 45.7 61.2 74.3 873

1979 5.6 1112.6 253.6 61.2 18.3 38.5 1490

1980 96.3 297.9 433.7 215.9 25.9 22.9 1093

1981 20.7 1260.9 30.7 88.1 61.1 11.2 1473

1982 34.2 394.3 55.4 5.3 44.4 31.4 565

1983 55.9 198.0 58.0 34.8 2.1 21.8 371

1984 6.8 233.7 170.8 46.0 31.1 10.6 499

1985 12.9 211.8 41.7 59.8 24.0 16.0 366

1986 30.0 144.0 158.1 32.9 29.3 19.2 413

1987 31.0 152.0 110.5 156.5 25.0 20.8 496

1988 0.6 174.4 86.4 66.1 114.1 44.1 486

1989 0.2 184.7 62.6 65.4 52.0 112.8 478

1990 0.0 111.5 142.1 49.8 26.4 113.5 443

1991 0.0 207.4 291.4 100.5 81.1 117.1 797

1992 0.1 219.0 214.2 113.1 115.4 199.7 862

1993 0.0 175.6 155.8 110.4 102.5 142.3 687

1994 0.0 158.0 151.6 66.8 84.8 153.7 615

1995 2.4 234.3 121.5 54.7 55.2 435.7 904

1996 0.5 328.0 170.4 78.9 94.2 356.6 1029

1997 0.1 106.6 644.6 118.8 73.2 223.3 1167

1998 0.0 178.8 175.7 454.6 92.8 126.3 1028

1999 0.9 111.3 347.1 108.5 268.5 181.4 1018

2000 0.0 191.8 50.6 142.2 171.1 283.6 839

2001 0.1 66.2 409.1 62.9 110.9 321.7 971

2002 14.3 94.2 110.4 263.9 98.1 190.9 772

2003 0.9 225.3 161.9 66.7 206.6 185.2 847

2004 0.6 156.6 396.5 100.2 76.6 143.4 874

2005 0.0 65.9 382.6 234.9 66.3 109.8 859

2006 0.0 83.0 295.4 335.4 124.2 84.3 922

2007 0.1 192.7 145.9 150.5 148.1 108.3 746

2008 0.0 12.3 272.7 85.6 76.4 186.7 634



Table 3. Canadian weir catch at age 1967-2008 (millions).
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Year 1 2 3 4 5 6+ total

1967 129.8 160.3 55.7 105.8 12.4 0.0 464

1968 2.2 694.0 47.5 23.6 29.0 0.0 796

1969 61.5 350.9 94.9 4.4 9.5 0.0 521

1970 4.0 312.5 9.3 11.8 5.4 0.0 343

1971 81.0 164.6 33.3 7.4 3.6 0.0 290

1972 7.6 615.2 6.3 9.9 4.2 0.0 643

1973 26.0 197.4 178.3 20.4 1.2 0.0 423

1974 3.2 245.8 43.6 30.7 1.6 0.0 325

1975 16.8 463.1 57.5 9.5 16.0 3.0 566

1976 51.8 199.0 104.3 19.7 14.5 11.8 401

1977 515.0 124.0 10.0 21.4 7.3 12.4 690

1978 213.8 894.4 52.1 3.7 0.8 1.5 1166

1979 2.4 423.7 247.4 12.2 0.8 2.5 689

1980 258.0 5.3 62.1 21.6 0.9 0.4 348

1981 53.3 294.7 18.8 10.2 5.4 0.4 383

1982 30.2 395.4 73.2 3.2 1.8 1.9 506

1983 2.5 135.3 21.7 7.5 0.4 0.6 168

1984 14.4 82.9 17.3 5.7 4.3 1.0 126

1985 20.3 385.4 45.9 17.9 7.4 4.0 481

1986 3.2 136.3 119.7 24.1 10.6 7.4 301

1987 35.7 129.3 48.0 53.2 22.9 10.4 300

1988 76.1 347.8 45.1 22.4 38.8 16.3 546

1989 26.9 331.0 81.4 21.4 22.7 58.8 542

1990 12.6 454.8 69.0 30.7 6.4 29.1 603

1991 5.5 338.3 44.5 23.6 9.5 11.1 432

1992 0.8 375.8 97.7 36.4 10.4 7.8 529

1993 1.7 244.1 106.1 37.2 23.2 20.4 433

1994 2.0 292.0 63.9 10.0 16.3 16.7 401

1995 57.8 259.7 40.1 14.8 1.8 3.1 377

1996 5.4 269.4 22.4 9.3 4.3 2.9 314

1997 9.3 216.2 113.2 11.3 3.6 0.8 354

1998 0.4 387.7 36.1 9.6 3.4 2.2 439

1999 0.1 78.6 102.4 36.8 12.1 3.5 233

2000 3.9 250.0 12.8 7.6 6.0 1.4 282

2001 1.1 119.1 114.8 8.3 4.7 2.0 250

2002 33.2 178.7 15.6 13.2 2.3 0.4 243

2003 10.6 161.6 17.5 3.0 1.6 0.2 195

2004 6.0 182.6 102.1 22.9 4.6 0.5 319

2005 1.1 102.2 76.1 21.3 1.2 0.1 202

2006 231.3 109.9 26.0 5.7 2.3 0.2 375

2007 33.4 545.9 31.8 1.0 1.2 0.4 614

2008 24.7 121.6 23.7 0.2 0.1 0.2 170


Table 4.  Combined U.S. and Canadian catch at age 1967-2008 (millions).
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Year 1 2 3 4 5 6+ total

1967 166.3 549.6 368.2 336.1 171.2 750.3 2,342        

1968 120.2 3290.1 966.8 239.5 346.8 847.4 5,811        

1969 99.8 2916.3 578.3 253.6 250.8 681.8 4,781        

1970 66.8 614.2 133.3 339.8 244.1 572.5 1,971        

1971 717.6 367.0 487.4 333.8 321.1 476.9 2,704        

1972 21.3 1452.1 115.4 187.8 206.5 392.8 2,376        

1973 53.9 553.4 1092.5 218.7 91.6 225.1 2,235        

1974 36.7 478.0 221.9 811.3 95.7 69.4 1,713        

1975 70.4 751.7 170.6 131.7 597.4 119.6 1,841        

1976 105.6 744.5 354.7 62.5 63.8 226.5 1,558        

1977 628.0 737.4 105.2 124.4 41.1 164.7 1,801        

1978 275.2 1397.4 179.9 49.3 62.0 75.8 2,040        

1979 8.0 1536.4 501.0 73.5 19.2 41.0 2,179        

1980 354.3 303.2 495.8 237.5 26.8 23.3 1,441        

1981 74.0 1555.6 49.5 98.3 66.4 11.6 1,855        

1982 64.4 789.7 128.6 8.5 46.2 33.3 1,071        

1983 58.4 333.3 79.7 42.4 2.6 22.4 539            

1984 21.1 316.6 188.1 51.6 35.4 11.6 624            

1985 33.1 597.2 87.5 77.7 31.4 20.0 847            

1986 33.2 280.3 277.9 57.0 39.9 26.7 715            

1987 66.7 281.4 158.5 209.6 47.9 31.2 795            

1988 76.6 522.2 131.5 88.5 152.9 60.4 1,032        

1989 27.0 515.8 144.0 86.8 74.8 171.7 1,020        

1990 12.6 566.3 211.1 80.5 32.7 142.6 1,046        

1991 5.6 545.7 335.8 124.1 90.6 128.2 1,230        

1992 0.9 594.8 311.9 149.6 125.8 207.5 1,390        

1993 1.7 419.7 261.9 147.6 125.8 162.7 1,119        

1994 2.0 450.0 215.5 76.8 101.1 170.4 1,016        

1995 60.2 494.0 161.7 69.5 57.0 438.8 1,281        

1996 5.8 597.4 192.8 88.3 98.5 359.5 1,342        

1997 9.4 322.8 757.7 130.2 76.8 224.1 1,521        

1998 0.4 566.5 211.8 464.2 96.2 128.5 1,468        

1999 1.0 189.9 449.5 145.3 280.6 184.9 1,251        

2000 3.9 441.9 63.4 149.8 177.2 285.0 1,121        

2001 1.2 185.3 524.0 71.2 115.6 323.7 1,221        

2002 47.5 272.9 126.0 277.1 100.4 191.4 1,015        

2003 11.6 386.9 179.4 69.7 208.2 185.5 1,041        

2004 6.7 339.2 498.5 123.1 81.1 143.9 1,193        

2005 1.1 168.1 458.7 256.2 67.5 109.8 1,061        

2006 231.3 192.9 321.4 341.1 126.5 84.6 1,298        

2007 33.5 738.6 177.7 151.6 149.3 108.7 1,360        

2008 24.7 133.8 296.4 85.7 76.6 186.9 804            


Table 5.  U.S. and Canadian combined catch weights at age, 1967-2008 in kg.
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year 1 2 3 4 5 6+

1967 0.005 0.025 0.059 0.142 0.194 0.236

1968 0.005 0.025 0.059 0.142 0.194 0.244

1969 0.005 0.039 0.079 0.051 0.252 0.289

1970 0.005 0.063 0.106 0.167 0.210 0.283

1971 0.005 0.049 0.115 0.180 0.234 0.313

1972 0.005 0.051 0.120 0.187 0.234 0.296

1973 0.005 0.054 0.108 0.170 0.233 0.284

1974 0.005 0.053 0.108 0.169 0.204 0.247

1975 0.005 0.051 0.096 0.169 0.192 0.251

1976 0.005 0.042 0.114 0.179 0.206 0.216

1977 0.005 0.042 0.103 0.161 0.189 0.228

1978 0.005 0.040 0.120 0.186 0.226 0.281

1979 0.005 0.032 0.089 0.198 0.255 0.281

1980 0.005 0.041 0.103 0.169 0.268 0.339

1981 0.005 0.045 0.114 0.190 0.232 0.303

1982 0.005 0.049 0.130 0.194 0.250 0.273

1983 0.005 0.055 0.138 0.216 0.223 0.329

1984 0.004 0.039 0.122 0.170 0.217 0.299

1985 0.004 0.040 0.129 0.183 0.213 0.242

1986 0.002 0.049 0.106 0.165 0.211 0.242

1987 0.005 0.049 0.096 0.146 0.195 0.236

1988 0.010 0.038 0.107 0.143 0.172 0.222

1989 0.011 0.044 0.100 0.146 0.175 0.213

1990 0.001 0.043 0.093 0.144 0.186 0.226

1991 0.005 0.041 0.070 0.134 0.164 0.216

1992 0.011 0.040 0.080 0.123 0.146 0.188

1993 0.009 0.036 0.089 0.130 0.150 0.196

1994 0.011 0.036 0.081 0.118 0.138 0.172

1995 0.030 0.046 0.092 0.118 0.131 0.160

1996 0.021 0.048 0.084 0.120 0.144 0.171

1997 0.019 0.045 0.085 0.116 0.143 0.175

1998 0.017 0.041 0.079 0.112 0.133 0.172

1999 0.032 0.053 0.082 0.114 0.129 0.159

2000 0.040 0.060 0.102 0.128 0.148 0.167

2001 0.032 0.055 0.095 0.128 0.149 0.170

2002 0.027 0.046 0.095 0.121 0.139 0.168

2003 0.025 0.051 0.090 0.133 0.149 0.180

2004 0.014 0.042 0.093 0.129 0.157 0.180

2005 0.014 0.042 0.084 0.123 0.147 0.177

2006 0.021 0.053 0.081 0.121 0.151 0.187

2007 0.032 0.053 0.091 0.116 0.139 0.168

2008 0.017 0.040 0.098 0.127 0.151 0.175


Table 6. Atlantic herring U.S. and Canadian Jan 1 weights at age, kg.

[image: image6.emf]1-Janwts at age

1 2 3 4 5 6+

1967 0.002 0.016 0.038 0.122 0.166 0.236

1968 0.002 0.014 0.038 0.092 0.166 0.244

1969 0.001 0.024 0.044 0.055 0.189 0.289

1970 0.002 0.047 0.064 0.115 0.104 0.283

1971 0.002 0.031 0.085 0.138 0.198 0.313

1972 0.002 0.035 0.077 0.147 0.205 0.296

1973 0.002 0.038 0.074 0.143 0.209 0.284

1974 0.002 0.039 0.076 0.135 0.186 0.247

1975 0.002 0.034 0.071 0.135 0.180 0.251

1976 0.002 0.027 0.076 0.131 0.187 0.216

1977 0.002 0.025 0.066 0.136 0.184 0.228

1978 0.002 0.027 0.071 0.138 0.191 0.281

1979 0.002 0.018 0.060 0.154 0.218 0.281

1980 0.002 0.025 0.057 0.123 0.230 0.339

1981 0.002 0.027 0.068 0.140 0.198 0.303

1982 0.002 0.029 0.077 0.149 0.218 0.273

1983 0.002 0.037 0.082 0.168 0.208 0.329

1984 0.001 0.021 0.082 0.153 0.217 0.299

1985 0.001 0.025 0.071 0.149 0.190 0.242

1986 0.000 0.035 0.065 0.146 0.197 0.242

1987 0.002 0.033 0.069 0.124 0.179 0.236

1988 0.005 0.023 0.072 0.117 0.159 0.222

1989 0.006 0.030 0.062 0.125 0.158 0.213

1990 0.000 0.034 0.064 0.120 0.165 0.226

1991 0.002 0.029 0.055 0.112 0.154 0.216

1992 0.006 0.027 0.057 0.093 0.140 0.188

1993 0.005 0.024 0.060 0.102 0.136 0.196

1994 0.005 0.023 0.054 0.103 0.134 0.172

1995 0.024 0.034 0.058 0.098 0.124 0.160

1996 0.014 0.036 0.062 0.105 0.130 0.171

1997 0.013 0.034 0.064 0.099 0.131 0.175

1998 0.010 0.029 0.060 0.098 0.124 0.172

1999 0.023 0.038 0.058 0.095 0.120 0.159

2000 0.034 0.048 0.074 0.102 0.130 0.167

2001 0.027 0.042 0.076 0.114 0.138 0.170

2002 0.020 0.033 0.072 0.107 0.133 0.168

2003 0.019 0.038 0.064 0.112 0.134 0.180

2004 0.008 0.030 0.069 0.108 0.145 0.180

2005 0.007 0.030 0.059 0.107 0.138 0.177

2006 0.013 0.040 0.058 0.101 0.136 0.187

2007 0.029 0.039 0.069 0.097 0.130 0.168

2008 0.008 0.022 0.072 0.108 0.132 0.175


Table 6. NEFSC winter survey indices of Atl. Herring mean number per tow at age

(offshore strata 1-3, 5-7, 9-11, 13-14, 16, 61-63, 65-67, 69-71, 73-75 ).

[image: image7.emf]2 3 4 5 6+

survey

winter winter winter winter winter

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992 7.70 13.23 8.19 4.40 1.89

1993 0.32 16.17 17.00 9.78 6.49

1994 0.14 0.88 1.96 2.11 2.35

1995 0.07 0.84 0.99 4.89 10.82

1996 74.73 6.57 3.60 4.11 23.23

1997 0.87 7.61 1.38 6.34 38.33

1998 0.92 11.96 31.02 7.35 6.01

1999 0.02 5.26 12.38 23.98 14.03

2000 47.82 2.83 5.50 5.10 4.85

2001 5.52 36.87 3.91 11.36 16.39

2002 0.99 2.09 40.39 8.50 19.47

2003 14.14 7.42 5.03 24.97 20.84

2004 13.07 15.76 1.95 0.60 2.86

2005 1.42 46.23 25.29 10.28 14.69

2006 0.34 16.37 19.07 8.88 6.21

2007 0.47 5.79 16.26 22.31 10.42

2008


Table 7. NEFSC spring survey indices of Atl. Herring mean number per tow at age.

(offshore strata 1-30, 36-40, 61-76 )

[image: image8.emf]2 3 4 5 6+

spring  spring  spring  spring  spring 

1963

1964

1965

1966

1967

1968 1.54 8.70 3.44 3.57 9.64

1969 0.12 1.32 0.50 1.00 8.21

1970 3.85 1.48 1.04 0.83 1.03

1971 0.20 0.45 0.50 0.21 0.45

1972 0.47 0.94 0.48 0.57 0.38

1973 0.07 2.27 3.46 0.57 1.91

1974 0.03 0.10 4.44 0.76 0.33

1975 0.04 0.10 0.04 0.83 0.14

1976 0.04 0.23 0.06 0.12 0.58

1977 0.06 0.12 0.38 0.13 0.32

1978 0.12 1.99 0.33 0.30 0.31

1979 4.53 0.37 1.12 0.81 0.60

1980 0.11 1.46 3.71 0.68 0.26

1981 0.02 0.01 0.51 1.34 0.31

1982 0.40 0.05 0.05 0.05 0.05

1983 0.15 0.03 0.06 0.01 0.15

1984 1.93 0.41 0.30 0.14 0.04

1985 1.95 0.94 0.42 0.48 0.17

1986 1.69 27.17 3.37 1.17 0.99

1987 1.18           2.13          3.83           0.23           0.14

1988 3.22           3.97          3.49           3.30           0.33

1989 1.66           1.66          2.89           1.99           1.50

1990 2.83           2.38          2.67           1.16           0.16

1991 3.79           6.81          10.91         0.96           0.36

1992 11.00         15.99        6.50           2.05           0.77

1993 7.23           32.70        25.61         5.72           0.98

1994 4.35           3.38          12.11         11.00         3.86

1995 6.06           3.77          3.23           11.66         3.37

1996 40.91         8.48          5.06           2.80           7.67

1997 10.13         34.30        5.91           2.71           3.98

1998 4.75           11.74        27.43         5.02           2.75

1999 2.18           19.04        10.99         43.98         10.73

2000 15.10         4.04          4.47           4.54           5.12

2001 5.38           19.41        1.83           1.89           6.57

2002 5.86           2.48          13.44         2.07           3.42

2003 2.92           2.00          1.56           6.30           5.07

2004 31.16         11.21        1.16           0.66           3.68

2005 1.00           13.51        2.47           0.72           1.96

2006 1.10           5.15          8.30           8.13           4.47

2007 2.71           3.30          3.66           3.87           3.57

2008 0.06           4.10          5.30           1.59           5.60



Table 8. NEFSC fall survey indices of Atl. Herring mean  number per tow at age.  (offshore strata 1-30, 36-40).

[image: image9.emf]2 3 4 5 6+

fall   fall   fall   fall   fall  

1963 0.029 0.927 1.012 1.069 1.061

1964 0.026 0.028 0.264 0.114 0.108

1965 0.000 0.049 1.826 0.217 0.313

1966 0.004 0.006 0.331 0.357 4.537

1967 0.069 0.130 0.361 0.191 1.000

1968 0.02 0.06 0.06 0.05 0.49

1969 0.02 0.04 0.06 0.04 0.16

1970 0.03 0.03 0.07 0.06 0.12

1971 0.02 0.31 0.26 0.58 0.36

1972 0.13 0.06 0.08 0.06 0.12

1973 0.00 0.04 0.00 0.00 0.00

1974 0.00 0.00 0.06 0.01 0.02

1975 0.01 0.00 0.02 0.10 0.15

1976 0.00 0.01 0.01 0.08

1977 0.01 0.00 0.01 0.00 0.01

1978 0.01 0.06 0.08 0.16 0.13

1979 0.01 0.02 0.00 0.00

1980 0.01 0.00 0.01

1981 0.00 0.00 0.04 0.04 0.00

1982 0.01 0.03 0.01 0.12 0.03

1983 0.02 0.00 0.04

1984 0.15 0.15 0.46

1985 0.03 0.05 0.99 0.31 0.54

1986 0.02 0.43 0.23 0.19 0.06

1987 2.02 3.83 3.01 0.39 0.26

1988 1.02 3.56 4.54 1.77 0.25

1989 1.40 4.32 4.02 2.01 2.45

1990 2.60 8.92 1.90 0.42 0.14

1991 2.70 11.55 5.44 0.86 0.19

1992 2.24 25.44 16.56 9.99 2.24

1993 0.35 1.80 6.79 6.09 1.77

1994 0.63 1.03 4.11 3.63 4.15

1995 0.58 7.80 8.81 23.60 28.97

1996 10.81 6.72 6.75 2.83 10.42

1997 1.82 17.38 4.65 4.16 8.84

1998 1.60 2.84 8.36 2.82 5.01

1999 0.22 2.86 2.81 5.22 2.36

2000 1.10 1.01 4.19 6.79 7.56

2001 0.30 8.50 1.61 2.57 12.28

2002 2.16 5.46 28.44 14.31 26.79

2003 3.12 3.39 3.65 12.24 11.92

2004 8.49 12.02 3.06 2.25 14.86

2005 1.37 8.46 5.47 3.31 7.00

2006 0.75 11.06 8.74 4.24 3.34

2007 5.12 3.41 4.61 5.45 4.32

2008 0.18 9.54 4.94 2.36 5.79


Table 8. NEFSC fall acoustic indices of Atl. Herring.

[image: image10.emf]2 3 4 5 6+

acoustic acoustic acoustic acoustic acoustic

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999 45.45 180.22 362.81 326.61 249.60

2000 126.64 201.21 597.39 578.90 628.35

2001 0.00 173.28 495.53 365.01 964.10

2002 2.56 12.18 121.11 204.66 287.01

2003 0.00 45.85 50.47 80.14 225.47

2004 0.00 44.43 58.64 54.61 209.04

2005 0.00 2.87 34.19 34.18 198.14

2006 0.13 119.53 327.13 176.24 199.45

2007 81.19 36.53 31.34 28.63 16.86

2008 2.42 79.97 21.78 35.26 59.45


Table  9. NEFSC fall survey age 1 indices of abundance, mean #/tow.

[image: image11.emf]age 1

1963

1964

1965

1966
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1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987 0.03

1988 0.41

1989 0.05

1990 0.00

1991 0.00

1992 0.02

1993 0.00

1994 0.06

1995 55.98

1996 0.13

1997 0.20

1998 0.00

1999 0.04

2000 0.00

2001 0.05

2002 0.76

2003 60.45

2004 0.01

2005 0.09

2006 0.02

2007 0.05

2008 0.02


Table  10.  Atlantic herring survey indices for inshore Gulf of Maine strata.

[image: image12.emf]Number per tow Weight per tow (kg)

YEAR Spring Fall Spring Fall

1963 4.82 1.176

1964 0.55 0.090

1965 1.18 0.242

1966 3.59 0.905

1967 0.88 0.207

1968 0.45 0.00 0.065 0.000

1969 0.47 0.30 0.084 0.000

1970 0.29 0.19 0.033 0.000

1971 0.90 9.02 0.000 1.969

1972 1.11 1.01 0.033 0.107

1973 22.42 0.14 5.268 0.035

1974 0.42 0.12 0.050 0.031

1975 2.72 3.10 0.491 0.731

1976 2.55 0.77 0.456 0.167

1977 1.77 0.30 0.365 0.031

1978 0.89 0.81 0.182 0.150

1979 30.54 0.19 0.371 0.012

1980 24.55 0.05 2.288 0.010

1981 0.62 0.00 0.083 0.000

1982 4.96 0.24 0.157 0.054

1983 1.97 0.73 0.157 0.132

1984 21.61 6.76 0.559 1.691

1985 11.89 16.33 0.217 3.470

1986 5.42 2.55 0.583 0.503

1987 15.81 16.71 0.639 2.318

1988 31.31 4.70 1.850 0.674

1989 43.88 106.04 7.238 18.865

1990 35.20 16.45 2.512 2.583

1991 34.08 7.14 1.102 1.085

1992 32.60 101.18 1.950 16.585

1993 63.18 37.68 5.698 5.936

1994 27.72 15.90 0.824 2.364

1995 68.44 95.75 1.850 14.487

1996 36.79 27.08 0.621 3.801

1997 209.88 66.95 2.712 8.881

1998 24.16 39.24 0.817 4.867

1999 18.35 35.12 0.607 4.668

2000 83.02 56.52 9.428 8.323

2001 63.28 28.40 4.579 4.061

2002 91.04 440.44 3.698 57.882

2003 13.86 41.04 0.305 5.470

2004 258.35 24.10 5.995 2.139

2005 2.34 18.72 0.078 2.299

2006 3.63 159.98 0.170 17.048

2007 16.62 46.33 0.382 5.067

2008 2.94 18.88 0.392 2.329


Table 11.  Atlantic herring alternative  ASAP model runs.  
[image: image13.emf]penalized

F F 2+ Biomass2+ Biomass SSB SSB

Mohn's rho

Likelihood

2005 2008 2005 2008 2005 2008

F

SSB

Final 2005 3196.9

0.11 1,121            781

-2.31 4.19

2009 initial update 3196.9

0.20 0.22 551               493 394 323

-2.65

Final 2005 - revised CAA 3287.2

0.07 1,620            1,173

2009 base 3570.5

0.18 0.18 720               540               458 402

-3.63 9.34

Base w/o AC

2963.3

0.11 0.10 1,117            995               759 734

-3.22 7.21

2009base age1 added 3801.9

0.14 0.14 610               512               911 726

-3.56 7.93

2009 base age1 added no AC 3242.6

0.09 0.08 1,202            1,124            979 912

-2.89 5.23

2010 base age1, AC downwt'd 3295.4

0.09 0.09 1,167            1,080            947 874

-2.91 5.30

2 fleet, age 1, no AC

3821.6

0.09 0.08 1,455            1,284            997 933

-3.77 8.52

Base increase M

3595.7

0.30 0.10 1,679            1,146            1,080 703

-2.65 9.62


