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Background

Prior to 2003, scientists from both countries had participated in each other’s peer review of the Gulf of Maine herring assessments but there has not been a joint peer review meeting. During the 10 - 14 February 2003 meeting, the TRAC considered the assessment framework for the Gulf of Maine herring assessments. At that meeting, consensus was reached on how to deal with the stock complex and management units. It was deemed necessary to undertake an evaluation of the entire complex with subsequent consideration of the individual components. Evaluation of the relative proportions of the biomass between the inshore Gulf of Maine and Georges Bank should be considered to give guidance for the individual components. It was also established that surveys indices from the NMFS bottom trawl survey would be divided into and treated as two distinct time periods pre-1985 and 1985- present. Despite considerable investigation of model formulations for the assessment, a number of issues remained to be resolved. It was noted that to verify and compare models, new and revised data need to be considered. Thus a continuation of the hydroacoustic survey is likely to elucidate trends in biomass. Improved age determinations for older fish should give a better indication of the total mortality in the stock.

The purpose of this meeting is to review and incorporate any new information from survey indices and the fisheries, revisit the model formulation issues and recommend a suitable approach upon which to base management advice.

Terms of Reference

· Review progress made on the recommendations from the 10 - 14 February 2003 TRAC meeting.

· Update results with the latest information from fisheries and research surveys.

· Review the assessment model formulation issues and recommend an approach for stock status determination.

· Apply the agreed assessment approach to update the status of the coastal stock complex of Atlantic herring through 2005 and characterize the uncertainty of estimates.

· Using available data from acoustic, trawl surveys, and recent tagging studies, evaluate the relative proportions of the biomass between the inshore Gulf of Maine and Georges Bank to give guidance on the usefulness and the degree to which these results can be used to provide advice to managers.

· Review the harvest strategy biological reference points to meet management requirements of both countries.

· Review approach for the provision of projections to meet the requirements of both countries

Landings

Landings by the USA and Canada were updated through 2005.  Total landings declined slightly from a high of 133,000 mt in 2001 to 106,000 mt in 2002, increased to 111,000 mt in 2004 and declined again in 2005 (Table 1).  Landings in the US increased to 100,588 mt in 2003 and then declined to 92,161 mt in 2005 (Table 2).  Canadian landings (combined Georges Bank, NB weir, and shutoff) declined to 10,757 in 2003, doubled to 20,701 in 2004, and declined to 13,055 mt in 2005 (Table 2).

Catch-at-age
Catch-at-age was updated for 2002-2005 from the last assessment.  CAA for the US and Canada were updated for 2002-2005 by each country (Table 3).  Estimated CAA produced by the USA and Canada were combined to produce updated 2002 and new estimates for 2003-2005.  The 1998, 2001, and 2002 year-classes were well represented in the CAA during 2002-2005 (Table 3).  

Mean-weight-at-age

Mean weights at age for 2002-2005 were calculated from USA landings at age and CAA (Table 4).  
Research Surveys

Research survey catches for the NMFS winter, spring, and autumn and the Canadian spring bottom trawl surveys were updated through 2005.  Indices for catch per tow in weight and number declined in 2003-2004 and then increased in 2005 during the NMFS winter survey (Figure 1).  Number per tow indices remained relatively stable during 2001-2003, increased in 2004 and then declined in 2005 in the US spring survey (Figure 2).  Weight indices (kg/tow) declined from 2002-2005 in this survey (Figure 2).  Catch per tow in both numbers and weight increased during 2002-2003 and then declined in 2004-2005 in the US autumn survey (Figure 3).   Number per tow indices declined during 2002-2005 and were much lower than in proceeding years in the Canadian bottom trawl survey (Figure 4).

Herring catch per tow at age for the NMFS surveys tends to show a progressively expanding age structure in each of the three surveys.  The age structure appears to have expanded in the winter with more age 8-10 fish (Table 5).  During 2004-2005 several fish were aged at 11-14.  A similar result occurred for the NMFS spring survey with more age 8-10 fish being taken in this survey (Table 6).  Several fish older than age 10 were also present in this survey during 2004-2005 (Table 6).  The same pattern is apparent for the NMFS autumn survey in recent years.   More herring age 7-10 occur in the survey catch at age (Table 7).  Also in recent years herring have been aged out to age 11-12 (Table 7).  

Herring Distribution

The distribution of herring in the NMFS autumn bottom trawl survey has changed greatly during the period 1963-2005.  To monitor these changes plots of herring catches in the autumn survey were examined for trends over this time period.  During the early 1960s herring were distributed widely in the Gulf of Maine (GOM) during the autumn bottom trawls survey (Figure 5).  As the distant water fishery fished the herring stock down, the distribution and catch of herring in the GOM contracted and declined (1970-1985) (Figure 5).  As the herring complex began to recover in the late 1980s and early 1990s, herring began to reappear in the western GOM and finally spread throughout the entire region (Figure 5).  In successive years from 1998 onward through 2005, herring were widely distributed in the GOM and catches remained relatively high in each of these years (Figure 5).  These recent data suggest that there has been a total recovery of herring in the region and no recent decline is apparent.

Acoustic Survey Results
Herring have been surveyed on Georges Bank with acoustic technology by NMFS since 1998.  Designed surveys to estimate the abundance and biomass of spawning fish from the offshore component of the herring complex have been conducted in every year from 1999-2005.  In some of these years 2-3 separate surveys were conducted.  Results from the NMFS acoustic program are mixed with promising data obtained during 1999-2001 and disappointing conclusions during 2002-2005.  

Results for 2003-2005 were updated using the same methodology as used in the previous assessment.  Geostatistical methods were used to estimate the mean and variance of the surveys that were conducted in 2003-2005.  Three surveys were completed in 2003, two in 2004, and one survey in 2005.  Target strength (TS) equations from eleven herring studies in the North Atlantic were used to obtain an average estimate of abundance and biomass for each survey in each year (Table 8).  A weighted average biomass was obtained for each year by using the inverse of the CV for each survey.  Biomass declined to 666,339 mt in 2003, further declined to 242,219 mt in 2004, and increased slightly to 361,558 mt in 2005 (Table 8: Figure 6).  Overall the estimate of biomass from the NMFS acoustic surveys increased during 1999-2001 and then declined steadily thereafter (Figure 6).  

Abundance estimates for each year were age disaggregated to allow for the examination of trends by age group and cohort.  Although the 1994, 1995, and 1998 year classes were at least partly apparent during 1999-2001, the continuity of these large year classes broke down in subsequent years.  The data did not track cohorts very well and large unexplained declines in abundance between 2001 and subsequent years occurred.  

There is currently no readily identifiable mechanism to explain the apparent decline in herring abundance in the NMFS acoustic survey.  However, examination of other information suggests that the availability and activity of herring during 2002-2005 changed from what it had been during 1999-2001.  Examination of maturity data collected during the acoustic surveys in 2002-2005 suggests that herring were actively spawning before, during, and after the survey timeframe in mid to late September and early October.  During 2002-2005 a fairly large percentage of the spawning fish were ripe, spent, or resting during the survey time window (Figure 7).  This is in sharp contrast to the 1999-2001 period when a much smaller percentage of the fish were in an active spawning mode (Figure 7).  During 1999-2001 acoustic surveys, it was felt that the reason why the surveys were successful was because the herring were lying quietly along the bottom adjacent to the Georges Bank spawning grounds.  They were easily surveyed in this state since little active spawning was occurring and no diel migration was apparent.  It also appeared that few fish were moving in and out of the survey area at this time.  This contrasts to 2002-2005 when herring were apparently very active (Figure 5) and were felt to be moving into and out of the spawning queue, especially in the Northern part of the survey area.

One of the basic assumptions for a successful survey, especially an acoustic survey where the goal is to estimate absolute biomass, is that the entire population or a large portion of it is present in the survey area.  This assumption was violated at a minimum in 2003 and 2004 because significant catches of herring were occurring in Southern New England and on the Northeast Peak of Georges Bank during the bottom trawl survey that was operating concurrently with the acoustic survey (Figure 5).  

The GOM region experienced several recent cold winters 2003-2005 and this may also have influenced the spawning behavior of the fish on Georges Bank.  Bottom temperatures during the spring of 2003-2005 were significantly cooler that those in previous years (Figure 8).  This translated into cooler bottom water temperatures in the autumn of those years (Figure 9).  

Although none of these factors alone can explain the declining trend in herring abundance from the NMFS acoustic surveys, there nevertheless appears to have been a major change in availability and behavior of herring in 2002-2005.  Therefore in the absence of a plausible mechanism to explain the severe decline suggested by the acoustic survey results, it would be prudent not to include trends from this survey as tuning indices in the current stock assessment.  This does not imply that acoustic surveys are not useful for herring, on the contrary, the equipment and survey design is wholly adequate, but the entire offshore herring component must be present to allow for the estimation of relative or absolute abundance. 

Other Independent Information

Other important independent information suggests that the GOM-GB herring complex has recovered and remained abundant through 2005.  The average length of herring in the region began a steady decline in the late 1980s and this trend has remained in effect through 2005 (Figure 10).  This pattern seems to follow the recovery and increased abundance of herring in the region.  There appears to be no change in this pattern in the most recent years 2000-2005 (Figure 10).  

Herring are an important item in the diets of fish eating predators in the region and the diet composition in these predators should reflect herring abundance.  The percent of herring in the diet of spiny dogfish remained low in the late 1970s and early 1980s during the NMFS spring and autumn (Figure 11).  The percentage of herring began to increase in the late 1980s, coincident with increases in the herring complex.  Thereafter, herring have remained very important in the diet of this predator, averaging about 20% (range 5-40%) by weight during winter, spring, and autumn from 1992-2005 (Figure 11).  Similarly, the diet of cod in the region reflects an increasing dependence on herring starting in the late 1980s and through 2005 (Figure 12).  The percent by weight has also averaged roughly 20-30% (range 2-80%) during 1992-2005 (Figure 12).  This increased dependence on herring by predators reflects an increase in herring abundance and is independent of survey trends, door changes, and other confounding processes.

Recent research estimates of herring consumed by predatory fish, marine mammals, seabirds, and large pelagic fish suggest that herring are likely the key prey fish in the GOM-GB region (Overholtz 2005, Overholtz et al. 2006A; Overholtz et al. 2006 B).  The time-series of consumption estimates from 1959-2002 ranges from 50 kt in the early 1980s to more than 300 kt recently (Figure 13).  Consumption during the 1960s and early 1970s was relatively large, averaging roughly 200 kt (Figure 13).  Recent consumption averaged about 300 kt during 1992-2002.  Current landings are only about a third of total consumption, but were much higher relative to consumption during the ICNAF fishery in the 1960s (Figure 13).  Herring biomass would likely need to be very high to support the recent levels of herring consumption by predators.

The trends in NMFS bottom trawl surveys during the early parts of both the spring and autumn time-series do not seem to reflect herring abundance very well.  Possible reasons for this were discussed extensively in the previous assessment (Overholtz et al. 2004).  Another measure of herring stock abundance, distribution, and range was investigated.  The number of encounters (positive tows) in the two surveys should reflect herring abundance and the spatial range of the herring stock complex.  Strong trends in the number of positive tows in each survey were apparent when examined (Figures 14; 15).  Loess smoothed trend lines for both surveys suggest that herring were abundant and well distributed during the 1960s, declined in the 1970s to series lows, and recovered to even higher levels in 1990-2005.  Trends in both surveys seem to be independent of the survey door change for example since the stock recovery started in the early 1980s in both surveys and the number of encounters increased steadily from there.  These strong trends seem to collaborate the recent recovery of herring and probable high biomass from 1990-2005.  

VPA 
Input data for a VPA were taken from the previous assessment.   Survey indices, CAA, and mean weights were updated for 2002 and estimated for 2003-2005.  Updated landings for the USA and Canada during 2002-2005 were also included.  Maturity data were updated from USA fall acoustic and bottom trawls cruises.  The maturity data used in the VPA were 0.206 0.862
0.926
0.982
0.991
0.993
1.000
1.000
1.000 for age 2 and older respectively.  The initial VPA model had NMFS age disaggregated winter, spring, and autumn indices included.  Also included were the Canadian spring and the acoustic survey CAA.  The spring and autumn NMFS indices were split into two series from 1968-1984 and 1985-2005 as in the previous assessment.

All Surveys Included
A series of trial VPA formulations were fit to investigate the impact of including or excluding different indices on the results.  The initial VPA had all seven of the series included because it was suggested in pre-meeting planning that the acoustic survey be included.  Observed vs predicted survey diagnostic plot results (age 5 only presented for brevity) suggest that the model fit the early part of the two NMFS surveys, the NMFS winter survey,  and the acoustic survey reasonably well, but  the fit to the post-84 NMFS surveys and the Canadian survey were poor (Figure 16).  Spawning stock biomass from this formulation showed a slight increase from the early 1980s until 2000 and then a steep decline to below 100 mt in 2005 (Figure 17).  Similarly total biomass increased slightly to about 400 mt over the same period and then declined steadily to roughly 200 mt in 2005 (Figure 18).  In order for this to occur, fishing mortality rates were abnormally high (> 2.0) during the 1990-2005 period.  

Acoustic Survey Not Included

In the next trial run the acoustic survey was excluded because it is not considered to be a valid relative abundance indicator at this time.  A few selected output diagnostics for selected surveys were included to show results.  The model fit for the early NMFS spring and autumn surveys and the winter survey were reasonable, but the model fit the Canadian and post-84 NMFS surveys poorly (Figure 19).  SSB increased slowly to just over 200 mt in 2001 in this scenario and declined thereafter to about 150 mt (Figure 20).  Total biomass similarly increased over the period from 1982-2000 to just over 400 mt and then declined steadily to about 300 mt in 2005 (Figure 21).  Again, fishing mortality in recent years would need to be abnormally high to produce these results.

Acoustic and Canadian Surveys Not Included

Another trial VPA run was completed without the acoustic and the Canadian spring survey.  The Canadian survey was excluded because the previous formulations did not fit it very well and because it was not deemed a very useful index at the last assessment.  Results from this trial suggest that the NMFS spring, and autumn series both pre-85 and post-84 and the winter survey fit about the same as in the other versions (Figure 22).  SSB again showed a steady increase from 1982-2001 to above 200 mt, declined slightly, and then increased to slightly above 200 mt again in 2005 (Figure 23).  Fishing mortality averaged somewhere around 2.0 during the late 1990s through 2003 (Figure 24).  

Summary

Results from the trial VPAs suggested that this modeling approach had great difficulty in modeling and fitting survey trends and in estimating herring biomass.  Abnormally high fishing rates were predicted from all the trials and extremely low biomass resulted.  Recent landings in excess of 100,000 mt would have to occur from a very low stock size.   Landings have averaged over 100,000 mt for the last 15 years from this stock complex.  For these reasons other models were used to investigate trends in the Gulf of Maine-Georges Bank herring resource.

ASAP Model

ASAP is an age-structured forward projection model with several other flexible features that are different than the traditional VPA model.  For example ASAP allows for the fitting of a stock-recruitment relationship, stabilizing constraints, and differential weighting of the various likelihood components by changing their emphasis in the model.  

All Surveys Included
This model formulation included the same seven surveys as the initial VPA formulation, the same CAA, mean weights, and other input data.  In this trial all the observed vs predicted output diagnostics except for the Canadian survey suggest that the model fit reasonably well (Figures 25; 26).  The model fit the acoustic survey trend fairly well except in 2004 (Figure 26).  SSB Showed a steady increase from a series low of about 100 mt in 1983 to over 800,000 mt in 2001 (Figure 27).  SSB declined to just under 600,000 mt in 2005 (Figure 27).  Fishing mortality averaged about 0.4-0.5 in the early 1990s, dropped to an average of about 0.15 in the 1995-2001 period, and increased slightly to about 0.2 in 2005 (Figure 28).

Acoustic Survey Not Included

In the next ASAP trial the NMFS acoustic survey was not included.  This seemed reasonable since the this survey  is not currently a good index of relative abundance.  Observed vs predicted model fits for the various surveys showed that the ASAP model fit the surveys reasonably well again except for the Canadian survey (Figure 29).  SSB from this trial showed an increase in biomass from just over 100 mt in 1988 to almost a million mt in 2001 (Figure 30).  SSB declined to about 750,000 mt in 2003 and then increased again to just over 800,000 mt in 2005 (Figure 30).  Fishing mortality again averaged 0.4-0.5 in the early 1990s, dropped to an average of 0.1 during 1995-2001, and then increased slightly in 2002-2005 (Figure 31).  A retrospective analysis of the ASAP results from this model formulation showed that there was a substantial pattern in SSB during recent years (Figure 32).  

Acoustic and Canadian Surveys Not Included
Another ASAP trial run was completed without including the acoustic and Canadian surveys.  Results suggest that SSB would again increase starting in 1987 from about 150 mt to over a million mt in 2001 (Figure 33).  SSB declined to about 800,000 mt in 2003 and then increased to about 1,050,000 mt in 2005 (Figure 33). Total biomass (Age 2+) increased from slightly under 200 mt in 1987 to 1.2 million mt in 2000 (Figure 34).  Total biomass declined to about 900,000 mt in 2002 and then increased again to 1.2 million mt in 2005 (Figure 34).  A major retrospective pattern was again apparent in the ASAP model results for this formulation.

Summary

Results from the ASAP modeling exercise suggest that the herring complex recovered in the 1990s and is currently at a reasonably high biomass.  Trends in fishing mortality seem plausible and model goodness of fit diagnostics indicate a reasonable fit to all the survey data except for the Canadian survey.  There is a major retrospective problem with the ASAP model results for the GOM-GB herring complex.  To further investigate herring dynamics the FPA model used in the previous assessment was utilized.

FPA Model
A base case FPA model was developed along the same lines as in the previous assessment.  Eleven survey indices including the NMFS winter, spring, and autumn age 2 and 3+, Canadian age 2 and 3+, the USA larval survey, the Canadian larval survey, and the NMFS acoustic survey were used in the model.  All these indices were updated for 2002-2005.  Landings for 2002-2005 were also included in the new update.  A stock recruitment relationship was also used in this model and survey covariates for the NMFS spring and autumn surveys were included as in the previous assessment (Overholtz et al. 2004).  The time series for this model was longer than for the other two approaches, spanning the period from 1959-2005.  The acoustic survey was used to scale model results and as a relative trend for 1999-2002 as in the previous assessment.  A sensitivity run that included the full acoustic time-series for trend for 1999-2005 was completed.
Base Case
Survey diagnostics that compared the observed vs predicted series and patterns in standardized residuals indicated that the model fit the NMFS spring and autumn surveys, and the US larval survey well (Figure 35-37).  The model fit for the NMFS winter survey and the Canadian larval survey were not as good and the fit to the Canadian survey (age 2, 3+) was poor (Figure 35-38).  Trends in SSB for this model suggest that the herring complex increased rapidly from about 28 mt in 1983 to 1.7  million mt in 1998, fluctuating at that level through 2005 (Figure 39).  Total biomass followed a similar trend fluctuation around an average of 1.85 million mt during 1998-2005 (Figure 39).  Fishing mortality declined from very high rates in the early 1980s to about 0.2 in 1984, declining steadily to about 0.06 in 2005 (Figure 40).  Surplus production from a Schaefer model fit produced an estimate of MSY= 267,000 mt, Bmsy = 1.088 million mt, and Fmsy =0.25 (Figure 41).  Surplus production estimates from a Fox model were MSY=243,601 mt, Bmsy=904,484 mt, and Fmsy=0.27 (Figure 42).  A time-series of surplus production and landings for the base case suggests that the herring complex produced relatively robust levels of surplus production during the late 1980s through 2005 (Figure 43).  Stock recruitment data for this stock complex appears useful, has high contrast and numerous observations on the right hand side of the SR relationship (Figure 44).  A comparison of the base case with several sensitivity runs is provided in Table (10).  A likelihood profile table is provided for Q over a range of values from 0.35-1.55 (Table 11).  

A preliminary investigation for retrospective patterns in this assessment suggests that a relatively small retrospective pattern exists in SSB for years prior to 2004 and none thereafter (Figure 45).  There appears to be little or no retrospective pattern for fishing mortality in this model formulation (Figure 46).  

Acoustic Survey Trend and Canadian Survey Not Included
A sensitivity trial without the acoustic survey trend and the Canadian survey was completed.  This run resulted in small changes in SSB and total biomass when compared to the base case trial (Figure 47).  

Acoustic Scale, Trend and Canadian Survey Not Included
Another trial run of the FPA model was used to show the impact of removing the acoustic scale in addition to the surveys that were not included in the previous surveys.  Results were similar, resulting in only small changes in SSB and total biomass (Figure 48).

Acoustic Survey Scale Removed Trend for 1999-2005 Included
The final sensitivity trial with the FPA model was run without the acoustic scale and with the entire acoustic survey from 1999-2005 included.  This run established the impact of adding the full acoustic survey index trend .  SSB in this run declined from about 878,000 mt in 1962 to 10 mt in 1982 (Figure 49).  SSB slowly increased to about 138 mt in 2000 and then declined to 20 mt in 2005 (Figure 49).  Total biomass followed the same pattern declining to about 50 mt in 1983, increasing to 230 mt in 1999, and declining to 114 mt in 2005 (Figure 49).  Fishing mortality in this scenario averaged 0.8 during 1991-2000 and then increased to over 2.0 in 2004 (Figure 50).

Summary

Results suggest that this K2FPA model fits all the survey data relatively well with the exception of the Canadian survey.  Excluding both the NMFS acoustic survey and the Canadian survey might be useful since neither has much impact on the overall results.  The delay-difference approach for modeling herring is preferred over the other two approaches for several reasons.  It incorporates a much longer time perspective (1959-2005) than the VPA and ASAP models (1967-2005).  It also is the only model that adequately fits the entire NMFS spring and autumn time-series, the two longest series with overall coverage of the entire distribution of herring.  This model also connects the entire autumn time-series from 1963-2005, accounting for the catchability issues that were present in the early part of the series and the door change in 1985, by using a covariate modeling approach.  Also since this model aggregates ages at 3+ it is robust to the aging problems that are still unresolved for this stock complex.  In addition the results from this model are very consistent with the additional independent information that was presented in this analysis such as the survey encounter rates, the predator diet data, the consumption data, the fall survey distributions for 1965-2005, and the size distribution data..  This model also has little or no retrospective problem unlike the VPA or ASAP models.  Finally of the three approaches, this model allows for the easiest incorporation of the consumption data into a future assessment for this stock complex.
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Table 1.  Total landings of herring from the USA and Canada during 1959-2005.

	Year
	Landings

	1959
	94.001

	1960
	93.955

	1961
	100.556

	1962
	242.150

	1963
	194.344

	1964
	187.445

	1965
	109.844

	1966
	210.038

	1967
	285.245

	1968
	469.978

	1969
	392.655

	1970
	307.131

	1971
	330.520

	1972
	271.744

	1973
	258.551

	1974
	209.886

	1975
	216.957

	1976
	121.925

	1977
	67.080

	1978
	88.165

	1979
	104.178

	1980
	93.234

	1981
	84.097

	1982
	59.852

	1983
	35.627

	1984
	42.442

	1985
	55.155

	1986
	56.202

	1987
	66.846

	1988
	73.950

	1989
	97.059

	1990
	93.805

	1991
	79.943

	1992
	93.191

	1993
	88.667

	1994
	76.821

	1995
	102.253

	1996
	126.852

	1997
	119.553

	1998
	125.829

	1999
	124.101

	2000
	125.818

	2001
	133.165

	2002
	106.396

	2003
	111.346

	2004
	114.726

	2005
	105.216


Table 2.  Herring landings by USA and Canada during 2002-2005 (USA includes GOM and GB, Canada includes NB weir, shutoff, and GB)

	Year
	USA
	Canada
	Total

	2002
	92917.350
	13.479
	106.396

	2003
	100588.770
	10.757
	111.346

	2004
	94025.430
	20.701
	114.726

	2005
	92161.020
	13.055
	105.216


Table 3.  Catch-at-age for Canada, the USA, and total during 2002-2005

	
	Canada
	
	
	
	
	
	
	
	
	

	Year
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+

	2002
	33.184
	178.663
	16.352
	17.914
	4.999
	1.810
	0.861
	0.096
	0.000
	0.000

	2003
	10.641
	161.768
	17.744
	4.503
	6.395
	1.770
	1.132
	0.015
	0.000
	0.000

	2004
	6.023
	182.578
	102.067
	22.956
	4.590
	0.385
	0.095
	0.006
	0.001
	0.001

	2005
	1.117
	102.227
	76.137
	21.310
	1.182
	0.063
	0.007
	0.000
	0.000
	0.000

	
	USA 
	
	
	
	
	
	
	
	

	Year
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+

	2002
	14.269
	94.236
	110.251
	263.139
	97.355
	74.988
	74.289
	36.387
	4.516
	0.402

	2003
	1.064
	224.684
	161.538
	66.502
	206.050
	73.460
	66.994
	35.038
	8.440
	0.817

	2004
	0.625
	156.387
	395.619
	99.592
	76.005
	86.894
	43.876
	10.762
	0.818
	0.217

	2005
	0.000
	62.530
	377.779
	233.924
	66.262
	58.626
	40.890
	7.150
	1.222
	0.248

	
	Total US and CANADA
	
	
	
	
	
	
	

	Year
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+

	2002
	47.453
	272.899
	126.603
	281.053
	102.354
	76.798
	75.150
	36.483
	4.516
	0.402

	2003
	11.705
	386.453
	179.282
	71.005
	212.445
	75.230
	68.126
	35.053
	8.440
	0.817

	2004
	6.648
	338.965
	497.687
	122.548
	80.595
	87.279
	43.972
	10.768
	0.819
	0.217

	2005
	1.117
	164.757
	453.916
	255.234
	67.443
	58.689
	40.897
	7.150
	1.222
	0.248


Table 4.  USA mean weights-at-age during 2002-2005.

	Year/Age
	2
	3
	4
	5
	6
	7
	8
	9
	10+

	2002
	0.056
	0.096
	0.119
	0.138
	0.158
	0.169
	0.182
	0.204
	0.207

	2003
	0.059
	0.090
	0.132
	0.149
	0.168
	0.187
	0.190
	0.197
	0.222

	2004
	0.047
	0.092
	0.128
	0.155
	0.171
	0.193
	0.197
	0.211
	0.208

	2005
	0.048
	0.084
	0.122
	0.146
	0.168
	0.185
	0.195
	0.196
	0.250


Table 5.  Herring catch per tow at age for the USA winter bottom trawl survey during 1992-2005.

	
	
	
	
	
	
	
	
	
	
	
	

	Year
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	1992
	7.705
	13.229
	8.194
	4.398
	1.357
	0.532
	0.000
	 
	 
	 
	 
	 
	 

	1993
	0.319
	16.174
	17.004
	9.784
	5.780
	0.709
	 
	 
	 
	 
	 
	 
	 

	1994
	0.081
	0.521
	1.156
	1.243
	1.006
	0.266
	0.115
	 
	 
	 
	 
	 
	 

	1995
	0.073
	0.840
	0.987
	4.887
	6.086
	3.774
	0.869
	0.010
	0.078
	 
	 
	 
	 

	1996
	74.571
	6.574
	3.602
	4.110
	14.302
	6.820
	1.348
	0.667
	0.087
	 
	 
	 
	 

	1997
	1.761
	6.981
	1.723
	6.992
	17.119
	14.621
	4.834
	0.468
	0.032
	 
	 
	 
	 

	1998
	1.681
	13.917
	28.458
	6.488
	3.764
	2.351
	0.530
	0.093
	0.007
	 
	 
	 
	 

	1999
	0.240
	6.477
	8.336
	26.474
	7.782
	4.170
	1.713
	0.391
	0.423
	 
	 
	 
	 

	2000
	47.817
	3.955
	5.508
	5.300
	3.101
	0.417
	0.083
	0.018
	0.005
	 
	 
	 
	 

	2001
	5.971
	38.016
	4.559
	9.459
	8.832
	6.367
	0.795
	0.092
	0.028
	 
	 
	 
	 

	2002
	0.930
	3.070
	40.802
	7.785
	9.594
	6.968
	2.017
	0.237
	0.032
	 
	 
	 
	 

	2003
	8.528
	4.576
	3.909
	13.801
	5.160
	4.438
	1.957
	0.280
	0.075
	 
	 
	 
	 

	2004
	12.961
	16.120
	1.671
	0.605
	1.463
	0.693
	0.331
	0.294
	0.083
	0.016
	0.006
	 
	0.002

	2005
	1.800
	45.016
	26.559
	10.155
	4.161
	4.772
	3.318
	1.154
	0.621
	0.352
	 
	0.033
	 


Table 6.  Herring catch per tow at age for the USA Spring bottom trawl survey during 1968-2005

	Year
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	1968
	1.541
	8.701
	3.445
	3.571
	2.886
	4.504
	1.350
	0.503
	0.319
	0.075
	 
	 
	 

	1969
	0.119
	1.323
	0.497
	1.004
	1.743
	4.060
	1.758
	0.404
	0.130
	0.116
	 
	 
	 

	1970
	3.850
	1.475
	1.036
	0.833
	0.548
	0.434
	0.044
	 
	 
	0.000
	 
	 
	 

	1971
	0.201
	0.451
	0.504
	0.209
	0.223
	0.145
	0.051
	0.033
	 
	0.000
	 
	 
	 

	1972
	0.471
	0.943
	0.477
	0.568
	0.317
	0.024
	0.022
	0.017
	 
	0.000
	 
	 
	 

	1973
	0.067
	2.268
	3.456
	0.569
	1.153
	0.574
	0.121
	0.026
	0.019
	0.012
	 
	 
	 

	1974
	0.026
	0.104
	4.436
	0.764
	0.188
	0.066
	0.040
	0.013
	0.006
	0.016
	 
	 
	 

	1975
	0.038
	0.096
	0.041
	0.833
	0.082
	0.043
	0.011
	0.008
	0.001
	0.000
	 
	 
	 

	1976
	0.044
	0.226
	0.056
	0.116
	0.313
	0.228
	0.022
	0.011
	0.002
	0.004
	 
	 
	 

	1977
	0.059
	0.119
	0.385
	0.134
	0.071
	0.230
	0.014
	0.001
	0.002
	0.003
	 
	 
	 

	1978
	0.122
	1.994
	0.331
	0.301
	0.046
	0.051
	0.192
	0.004
	0.011
	0.008
	 
	 
	 

	1979
	4.532
	0.371
	1.120
	0.807
	0.242
	0.123
	0.171
	0.040
	0.021
	0.004
	 
	 
	 

	1980
	0.113
	1.463
	3.708
	0.685
	0.083
	0.106
	0.007
	0.021
	0.045
	0.001
	 
	 
	 

	1981
	0.019
	0.012
	0.508
	1.345
	0.190
	0.060
	0.030
	0.000
	0.001
	0.026
	 
	 
	 

	1982
	0.404
	0.052
	0.048
	0.049
	0.040
	0.010
	0.001
	0.000
	0.000
	0.001
	 
	 
	 

	1983
	0.153
	0.027
	0.064
	0.009
	0.054
	0.092
	0.001
	 
	 
	 
	 
	 
	 

	1984
	1.932
	0.408
	0.304
	0.143
	0.013
	0.018
	0.008
	0.005
	 
	 
	 
	 
	 

	1985
	1.953
	0.940
	0.421
	0.482
	0.107
	0.021
	0.024
	0.017
	 
	 
	 
	 
	 

	1986
	1.692
	27.167
	3.365
	1.169
	0.558
	0.413
	0.000
	0.023
	0.000
	 
	 
	 
	 

	1987
	1.300
	2.133
	3.831
	0.228
	0.141
	0.000
	0.000
	 
	 
	 
	 
	 
	 

	1988
	3.229
	3.970
	3.494
	3.295
	0.314
	0.013
	0.000
	0.000
	0.000
	 
	 
	 
	 

	1989
	1.658
	1.659
	2.888
	1.990
	1.373
	0.130
	0.000
	0.000
	0.000
	 
	 
	 
	 

	1990
	2.971
	2.381
	2.666
	1.161
	0.156
	0.002
	0.000
	 
	 
	 
	 
	 
	 

	1991
	4.581
	6.810
	10.905
	0.959
	0.301
	0.058
	 
	 
	 
	 
	 
	 
	 

	1992
	11.002
	15.991
	6.505
	2.053
	0.577
	0.189
	0.004
	 
	 
	 
	 
	 
	 

	1993
	7.241
	32.696
	25.610
	5.719
	0.914
	0.066
	0.001
	0.004
	 
	 
	 
	 
	 

	1994
	4.349
	3.385
	12.108
	10.999
	3.305
	0.515
	0.042
	 
	 
	 
	 
	 
	 

	1995
	6.064
	3.771
	3.233
	11.660
	2.837
	0.522
	0.013
	 
	 
	 
	 
	 
	 

	1996
	40.913
	8.480
	5.059
	2.801
	4.484
	2.517
	0.639
	0.029
	0.000
	 
	 
	 
	 

	1997
	21.279
	33.054
	5.702
	2.685
	2.418
	1.418
	0.345
	0.022
	 
	 
	 
	 
	 

	1998
	4.678
	10.740
	27.772
	5.879
	1.583
	0.832
	0.174
	0.030
	0.003
	 
	 
	 
	 

	1999
	2.353
	16.347
	14.384
	42.765
	7.063
	2.917
	0.904
	0.176
	0.008
	 
	 
	 
	 

	2000
	15.111
	3.419
	5.026
	4.973
	3.675
	0.798
	0.191
	0.067
	0.010
	 
	 
	 
	 

	2001
	5.013
	19.213
	1.907
	2.676
	2.868
	2.540
	0.513
	0.079
	0.263
	 
	 
	 
	 

	2002
	5.994
	2.053
	13.441
	2.399
	1.724
	1.169
	0.380
	0.054
	0.052
	 
	 
	 
	 

	2003
	2.971
	1.947
	2.063
	5.862
	1.986
	1.944
	0.914
	0.144
	0.022
	 
	 
	 
	 

	2004
	30.918
	11.447
	1.349
	0.561
	1.734
	0.914
	0.427
	0.387
	0.108
	0.019
	0.008
	 
	0.003

	2005
	0.874
	13.757
	2.263
	0.780
	0.371
	0.653
	0.503
	0.237
	0.135
	0.081
	 
	0.009
	 


Table 7.  Herring catch per tow at age for the USA Autumn bottom trawls survey during 1963-2005.

	Year
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1963
	0.023
	0.029
	0.927
	1.012
	1.069
	1.062
	0.023
	 
	 
	 
	 
	 

	1964
	0.000
	0.026
	0.028
	0.264
	0.114
	0.052
	0.035
	0.021
	 
	 
	 
	 

	1965
	0.015
	0.000
	0.049
	2.130
	0.226
	 
	 
	 
	 
	 
	 
	 

	1966
	0.004
	0.006
	0.331
	0.357
	2.975
	1.550
	0.091
	 
	 
	 
	 
	 

	1967
	0.000
	0.069
	0.130
	0.361
	0.191
	0.592
	0.398
	0.011
	 
	 
	 
	 

	1968
	0.000
	0.022
	0.061
	0.055
	0.054
	0.374
	0.115
	 
	 
	 
	 
	 

	1969
	0.014
	0.023
	0.036
	0.064
	0.039
	0.062
	0.101
	 
	 
	 
	 
	 

	1970
	0.007
	0.031
	0.033
	0.072
	0.062
	0.107
	0.013
	 
	 
	 
	 
	 

	1971
	0.035
	0.015
	0.308
	0.257
	0.579
	0.338
	0.018
	 
	 
	 
	 
	 

	1972
	0.002
	0.127
	0.059
	0.076
	0.063
	0.060
	0.048
	0.017
	 
	 
	 
	 

	1973
	0.000
	0.001
	0.043
	0.004
	0.002
	0.001
	0.002
	0.001
	0.001
	 
	 
	 

	1974
	0.000
	0.000
	0.003
	0.063
	0.009
	0.006
	0.005
	0.008
	0.002
	 
	 
	 

	1975
	0.001
	0.008
	0.002
	0.015
	0.105
	0.052
	0.032
	0.026
	0.007
	0.014
	0.018
	 

	1976
	0.000
	0.000
	0.000
	0.012
	0.014
	0.069
	0.009
	0.000
	0.003
	 
	 
	 

	1977
	0.020
	0.006
	0.001
	0.007
	0.002
	0.002
	0.011
	0.000
	 
	 
	 
	 

	1978
	0.001
	0.011
	0.063
	0.081
	0.157
	0.014
	0.021
	0.084
	0.005
	0.001
	0.003
	0.000

	1979
	0.000
	0.012
	0.022
	0.002
	 
	 
	 
	 
	 
	 
	 
	 

	1980
	0.000
	0.000
	0.006
	0.000
	 
	 
	 
	 
	 
	 
	 
	 

	1981
	0.000
	0.000
	0.003
	0.002
	0.000
	0.001
	0.000
	0.000
	 
	 
	 
	 

	1982
	0.003
	0.004
	0.013
	0.006
	0.030
	0.022
	0.004
	0.003
	0.004
	0.001
	 
	 

	1983
	0.009
	0.037
	0.039
	0.022
	0.002
	0.015
	0.022
	0.001
	 
	 
	 
	 

	1984
	0.032
	0.009
	0.120
	0.148
	0.153
	0.049
	0.213
	0.173
	0.025
	 
	0.004
	 

	1985
	0.015
	0.034
	0.053
	0.989
	0.310
	0.321
	0.048
	0.156
	0.012
	 
	 
	 

	1986
	0.002
	0.023
	0.432
	0.230
	0.185
	0.059
	0.004
	 
	 
	 
	0.000
	 

	1987
	0.027
	2.022
	3.832
	3.007
	0.387
	0.216
	0.032
	0.006
	0.009
	 
	 
	 

	1988
	0.408
	1.016
	3.563
	4.539
	1.766
	0.189
	0.062
	0.000
	0.001
	0.000
	 
	 

	1989
	0.046
	1.398
	4.324
	4.016
	2.008
	2.111
	0.246
	0.088
	0.005
	 
	 
	 

	1990
	0.000
	2.599
	8.916
	1.903
	0.425
	0.089
	0.046
	0.002
	0.000
	0.000
	 
	 

	1991
	0.010
	2.703
	11.547
	5.439
	0.860
	0.166
	0.023
	0.001
	 
	 
	 
	 

	1992
	0.020
	2.244
	25.437
	16.561
	9.995
	1.783
	0.455
	 
	 
	 
	 
	 

	1993
	0.000
	0.354
	1.797
	6.792
	6.091
	1.473
	0.292
	0.005
	 
	 
	 
	 

	1994
	0.057
	0.635
	1.030
	4.113
	3.628
	2.967
	0.885
	0.233
	0.062
	0.004
	 
	 

	1995
	55.984
	0.585
	7.800
	8.810
	23.599
	20.962
	7.175
	0.753
	0.079
	 
	 
	 

	1996
	0.128
	10.805
	6.718
	6.752
	2.834
	6.271
	3.211
	0.805
	0.083
	0.027
	0.021
	 

	1997
	0.203
	1.824
	17.381
	4.655
	4.158
	4.298
	3.609
	0.655
	0.278
	 
	 
	 

	1998
	0.004
	1.596
	2.844
	8.357
	2.820
	2.099
	2.021
	0.603
	0.241
	0.040
	0.008
	 

	1999
	0.042
	0.223
	2.861
	2.814
	5.221
	1.203
	0.807
	0.310
	0.038
	 
	 
	 

	2000
	0.000
	1.101
	1.011
	4.191
	6.787
	5.179
	1.688
	0.636
	0.044
	0.009
	 
	 

	2001
	0.054
	0.301
	8.498
	1.613
	2.574
	4.557
	5.022
	1.246
	0.576
	0.843
	0.040
	 

	2002
	0.840
	2.158
	5.458
	28.439
	14.308
	13.974
	9.301
	3.040
	0.419
	0.053
	 
	 

	2003
	60.439
	3.122
	3.391
	3.652
	12.241
	5.190
	3.520
	2.419
	0.727
	0.043
	 
	0.017

	2004
	0.022
	8.486
	12.020
	3.056
	2.252
	4.712
	4.874
	2.946
	1.734
	0.461
	0.066
	 

	2005
	0.088
	1.373
	8.456
	5.471
	3.309
	2.581
	2.106
	1.469
	0.571
	0.224
	0.048
	 


Table 8.  Biomass estimates (mt) (average values from 11 TS equations for the North Atlantic) from acoustics surveys on Georges Bank during 1999-2005

	 
	 
	geostat
	 
	 
	 
	 
	weighted

	 
	million mt
	CV
	 
	1/cv
	 
	 
	biomass mt

	1999
	 
	 
	 
	 
	 
	 
	 

	zigzag1
	1417295.539
	18.74
	 
	0.0534
	 
	 
	 

	zigzag2
	1040865.6708
	20.86
	 
	0.0479
	 
	 
	1192760.58

	prlll16
	1146748.0337
	9.79
	 
	0.1021
	 
	 
	 

	 
	 
	 
	 
	0.2034
	 
	 
	 

	2000
	 
	 
	 
	 
	 
	 
	 

	prll
	1502459.2460
	11.49
	 
	0.0870
	 
	 
	 

	zigzag
	1267981.6227
	10
	 
	0.1000
	 
	 
	1426804.95

	sran
	1583847.6939
	16.89
	 
	0.0592
	 
	 
	 

	 
	 
	 
	 
	0.2462
	 
	 
	 

	2001
	 
	 
	 
	 
	 
	 
	 

	prll
	2148408.6645
	9.89
	 
	0.1011
	 
	 
	 

	zigzag
	1617185.4555
	10.8
	 
	0.0926
	 
	 
	1819176.77

	sran
	1596003.7501
	15.3
	 
	0.0654
	 
	 
	 

	 
	 
	 
	 
	0.2591
	 
	 
	 

	2002
	 
	 
	 
	 
	 
	 
	 

	prlll
	762759.0185
	13.56
	 
	0.073746
	 
	 
	762759.02

	 
	 
	 
	 
	 
	 
	 
	 

	2003
	 
	 
	 
	 
	 
	 
	 

	prlll01
	619821.5161
	12.02
	 
	0.083195
	 
	 
	666339.27

	prlll03
	616659.6189
	20.11
	 
	0.049727
	 
	 
	 

	prlll05
	754154.1532
	13.85
	 
	0.072202
	 
	 
	 

	 
	 
	 
	 
	0.205123
	 
	 
	 

	2004
	 
	 
	 
	 
	 
	 
	 

	prlll03
	269152.7269
	13.26
	 
	0.075415
	 
	 
	242216.95

	prlll05
	217840.6810
	12
	 
	0.083333
	 
	 
	 

	 
	 
	 
	 
	0.158748
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	2005
	361558.0924
	8.72
	 
	 
	 
	 
	 

	prlll02
	 
	 
	 
	0.114679
	 
	 
	361558.09


Table 9.  Abundance estimates at for ages 2-10+ from acoustic surveys on Georges Bank during 1999-2005.

	Year/Age
	2
	3
	4
	5
	6
	7
	8
	9
	10+

	1999
	397
	1574.15
	3169.06
	2852.84
	1148.66
	751.81
	272.67
	7.09
	0

	2000
	745.32
	1184.18
	3515.9
	3407.06
	2393.01
	762.69
	392.42
	149.96
	0

	2001
	0
	1648.93
	4715.35
	3473.36
	2358.01
	2544.32
	2099.33
	907.89
	1264.68

	2002
	28.11
	133.61
	1328.7
	2245.33
	1337.8
	794.21
	577.97
	296.1
	142.76

	2003
	0.03
	711.49
	783.24
	1243.65
	1192.74
	960.02
	537.03
	360.43
	448.69

	2004
	0
	295.71
	390.26
	363.42
	342.12
	335.32
	225.45
	134.6
	353.66

	2005
	0
	30.64
	365.33
	365.21
	575.48
	619.29
	453.1
	224.1
	245.02


Table 10.  Emphasis coefficients used in the K2FPA base case model.

	Likelihood Term
	Emphasis Coefficient

	All Surveys
	1

	Catch
	1.00E+06

	Constraint C/B
	1000

	Constraint IGR
	1

	Schaefer Surplus Production
	0.0001

	B&H Stock Recruitment
	1

	Acoustic q
	1
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Objective_function_components:

ComponentName

Survey_trends 476.442 386.618 386.72 460.869

Prior_survey_Q 0.0205884 0 0.0305078 0.0140523

survey_q_devs_(survey_Q_process_errors) 0 0 0 0

BEVERTON-HOLT_MODEL -24.6191 -29.5754 -29.7825 -27.0968

Constrain_first_few_recruitments -2.11887 -2.34406 -2.35369 -2.23164

Prior_mean_M 0 0 0 0

Schaefer_surplus_production -0.003751 -0.004101 -0.004018 -0.003743

Natural_mortality_process_errors 0 0 0 0

Qratios 0 0 0 0

Profile_Survey_Q 0 0 0 0

Prior_Log_Rec_Residual_Var 8.17852 11.2644 11.404 9.65956

Link_equilibrium_to_starting_biomass 0 0 0.00E+00 0

Catch 7.201E-07 6.157E-07 6.201E-07 6.372E-07

Effort 0 0 0 0

C/B_constraint 0 0 0 0

B_too_small 0 0 0 0

B_too_big 0 0 0.00E+00 0

Constrain_Bzero 1.725E-09 2.096E-09 4.789E-10 6.099E-10

Constrain_inital_IGR 0.0079047 0.0084349 6.88E-03 0.0068909

Center_fdevs 4.551E-14 2.643E-16 1.01E-14 2.584E-16

Center_recruit_devs 1.427E-17 3.447E-20 1.711E-17 9.7E-20

Center_survey_q_devs 0 0 0 0

Center_natmat_devs 0 0 0 0

Total_LogLikelihood 457.907 365.968 366.021 441.217

Goodness_of_fit_survey_trends

SurveyNo ComponentName

1 Trend_Spring_Age_2 73.8884 73.8872 73.9706 73.8552

2 Trend_Spring_Age_3+ 61.0059 60.4058 61.0336 60.9161

3 Trend_Winter_Age_2 27.1243 27.5386 27.5305 27.3165

4 Trend_Winter_Age_3+ 13.1121 13.2077 13.1675 13.1327

5 Trend_Fall_Age_2 85.4451 85.3318 85.5074 85.2834

6 Trend_Fall_Age_3+ 75.7184 76.0919 75.5639 75.6635

7 Trend_Hydroacoustic_3+ 15.8516 0.0018539 0.0018481 0.0017734

8 Trend_Larval_Herring_Index 43.5647 43.7109 43.4871 43.4399

9 Trend_ICNAF_and_USA_CPUE 0 0 0 0

10 Trend_Canadian_Larval_Survey 6.52076 6.43505 6.44987 6.50764

11 Trend_Canadian_Age_2 38.7045 0.0039992 0.0039986 39.3119

12 Trend_Canadian_Age_3+ 35.5063 0.0035694 0.0035665 35.4405

Subotal All 476.442 386.618 386.72 460.869

Internal_surplus_production_turned_ON_in_likelihood

Emphasis_on_surplus_production_model_fit 0.0001 0.0001 0.0001 0.0001

Biomass_and_production_scaled_by 0.001 0.001 0.001 0.001

Standard_deviation_for_production= 0.0652414 0.0604516 0.061553 0.0653524

Schaefer_production_model_used_internally 0 0 0 0

Surplus_production_parameter_a= 0.490903 0.496282 0.490903 0.490903

Surplus_production_parameter_b= 0.225443 0.239702 0.225443 0.225443

P=0.496282*B-0.239702*B^2_(P_and_B_scaled_by_0.001) 0 0 0 0

K_(carrying_capacity)= 2.17751 2.07041 2.17751 2.17751

Bmsy= 1.08875 1.03521 1.08875 1.08875

MSY= 0.267236 0.256877 0.267236 0.267236

Fmsy= 0.245451 0.248141 0.245451 0.245451

Recent_F/Fmsy= 0.247397 0.258046 0.241961 0.242439

Recent_B/Bmsy= 1.73969 1.73042 1.77194 1.77265


Table 11.  Comparison of base case K2FPA model with sensitivity runs.

	Objective_function_components:
	 
	 
	 
	 
	 
	 Base case
	 
	 
	 
	 
	 
	 
	 

	ComponentName
	q=.35
	q=.45
	q=.55
	q=.65
	q=.75
	q=.85
	q=.95
	q=1.05
	q=1.15
	q=1.25
	q=1.35
	q=1.45
	q=1.55

	Survey_trends
	479.576
	478.48
	477.858
	477.46
	476.827
	476.442
	476.218
	476.066
	475.961
	475.885
	475.822
	475.77
	475.723

	Prior_survey_Q
	1.90447
	0.898913
	0.363806
	0.099844
	0.00489
	0.020588
	0.113302
	0.258821
	0.442523
	0.653926
	0.885579
	1.13207
	1.38939

	survey_q_devs_(survey_Q_process_errors)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	BEVERTON-HOLT_MODEL
	-22.3354
	-24.5513
	-25.6634
	-26.077
	-25.1992
	-24.6191
	-24.1914
	-23.7845
	-23.3932
	-23.0117
	-22.6311
	-22.2623
	-21.9054

	Constrain_first_few_recruitments
	-1.99026
	-2.09673
	-2.15263
	-2.1767
	-2.1442
	-2.11887
	-2.09724
	-2.07548
	-2.05437
	-2.03402
	-2.01405
	-1.99502
	-1.9769

	Prior_mean_M
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Schaefer_surplus_production
	-0.00156
	-0.00236
	-0.00295
	-0.00339
	-0.0037
	-0.00375
	-0.00385
	-0.00432
	-0.00505
	-0.00466
	-0.00402
	-0.00366
	-0.00346

	Natural_mortality_process_errors
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Qratios
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Profile_Survey_Q
	0.005186
	0.002131
	0.000849
	0.000237
	4.07E-05
	0
	2.63E-05
	8E-05
	0.000139
	0.000194
	0.000237
	0.00027
	0.000292

	Prior_Log_Rec_Residual_Var
	6.92251
	8.13972
	8.78773
	9.03505
	8.51422
	8.17852
	7.9353
	7.70735
	7.4913
	7.28355
	7.07924
	6.88407
	6.69775

	Link_equilibrium_to_starting_biomass
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Catch
	8.35E-07
	6.21E-07
	6.6E-07
	7.31E-07
	7.29E-07
	7.2E-07
	7.38E-07
	7.68E-07
	8.07E-07
	8.53E-07
	9.02E-07
	9.55E-07
	1.01E-06

	Effort
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	C/B_constraint
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	B_too_small
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	B_too_big
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Constrain_Bzero
	1.83E-08
	2.38E-08
	1.61E-08
	7.45E-09
	2.75E-11
	1.73E-09
	4.94E-09
	8.15E-09
	1.1E-08
	1.35E-08
	1.56E-08
	1.75E-08
	1.9E-08

	Constrain_inital_IGR
	0.028715
	0.036704
	0.033237
	0.024113
	0.008349
	0.007905
	0.013754
	0.021301
	0.028626
	0.035016
	0.040562
	0.045144
	0.048874

	Center_fdevs
	0.001279
	0.000122
	6.18E-05
	1.79E-05
	3.57E-13
	4.55E-14
	7.61E-15
	1.9E-14
	3.01E-15
	6.02E-16
	2.1E-17
	7.06E-16
	2.91E-15

	Center_recruit_devs
	3.51E-22
	3.18E-18
	7.1E-18
	3.23E-22
	3.05E-17
	1.43E-17
	4.4E-22
	4.44E-18
	4.24E-19
	3.14E-16
	1.89E-18
	6.88E-18
	1.01E-16

	Center_survey_q_devs
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Center_natmat_devs
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Total_LogLikelihood
	464.111
	460.908
	459.225
	458.362
	458.007
	457.907
	457.988
	458.189
	458.471
	458.807
	459.179
	459.57
	459.974

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Goodness_of_fit_survey_trends
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	SurveyNo
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	73.8286
	74.1411
	74.3762
	74.5217
	74.1392
	73.8884
	73.7609
	73.6786
	73.6267
	73.5959
	73.5759
	73.5673
	73.5676

	2
	64.8091
	64.3238
	64.1403
	63.9228
	62.318
	61.0059
	60.1085
	59.4084
	58.8393
	58.3624
	57.9477
	57.5844
	57.2609

	3
	26.9716
	27.0454
	27.0997
	27.1363
	27.1266
	27.1243
	27.1272
	27.1297
	27.1319
	27.1336
	27.1343
	27.1347
	27.1348

	4
	12.6414
	12.7965
	12.9017
	12.9951
	13.0605
	13.1121
	13.1623
	13.2074
	13.2483
	13.2852
	13.3186
	13.3491
	13.3769

	5
	85.6136
	86.0567
	86.3568
	86.4811
	85.8784
	85.4451
	85.1808
	84.9812
	84.8222
	84.69
	84.5742
	84.4741
	84.3866

	6
	76.0536
	74.4739
	73.3305
	72.7048
	74.4554
	75.7184
	76.4536
	76.9923
	77.4134
	77.7586
	78.0578
	78.318
	78.5488

	7
	16.1484
	16.1105
	16.0576
	15.9998
	15.9298
	15.8516
	15.7632
	15.6667
	15.5632
	15.4533
	15.3369
	15.2153
	15.089

	8
	42.9483
	42.905
	42.908
	42.9598
	43.1868
	43.5647
	43.9252
	44.2645
	44.5815
	44.8772
	45.1573
	45.4201
	45.6669

	9
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	10
	6.65503
	6.63973
	6.61601
	6.59601
	6.55385
	6.52076
	6.4963
	6.4758
	6.45779
	6.44153
	6.42624
	6.41182
	6.39808

	11
	38.6982
	38.6984
	38.7177
	38.7332
	38.7144
	38.7045
	38.6976
	38.6896
	38.6808
	38.6716
	38.661
	38.65
	38.6388

	12
	35.2086
	35.2894
	35.3535
	35.4096
	35.4638
	35.5063
	35.542
	35.5715
	35.5958
	35.6158
	35.6321
	35.645
	35.6549

	Subotal
	479.576
	478.48
	477.858
	477.46
	476.827
	476.442
	476.218
	476.066
	475.961
	475.885
	475.822
	475.77
	475.723

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Internal_surplus_production_turned_ON_in_likelihood
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Emphasis_on_surplus_production_model_fit
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001

	Biomass_and_production_scaled_by
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001

	Standard_deviation_for_production=
	0.105127
	0.088244
	0.077638
	0.070521
	0.065956
	0.065241
	0.063854
	0.057652
	0.049206
	0.053523
	0.061495
	0.066502
	0.069571

	Schaefer_production_model_used_internally
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Surplus_production_parameter_a=
	0.490837
	0.516711
	0.537916
	0.550291
	0.51447
	0.490903
	0.498779
	0.555084
	0.606161
	0.542539
	0.453457
	0.395171
	0.359106

	Surplus_production_parameter_b=
	0.102395
	0.13694
	0.171623
	0.20396
	0.213643
	0.225443
	0.255249
	0.318666
	0.37201
	0.325367
	0.255164
	0.209505
	0.181626

	P=0.496282*B-0.239702*B^2_(P_and_B_scaled_by_0.001)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	K_(carrying_capacity)=
	4.79354
	3.77327
	3.13428
	2.69804
	2.40808
	2.17751
	1.95408
	1.7419
	1.62942
	1.66747
	1.77712
	1.88621
	1.97717

	Bmsy=
	2.39677
	1.88663
	1.56714
	1.34902
	1.20404
	1.08875
	0.977042
	0.870949
	0.814711
	0.833733
	0.888559
	0.943106
	0.988587

	MSY=
	0.588212
	0.487423
	0.421495
	0.371176
	0.309722
	0.267236
	0.243664
	0.241725
	0.246923
	0.226166
	0.201462
	0.186344
	0.177504

	Fmsy=
	0.245418
	0.258356
	0.268958
	0.275145
	0.257235
	0.245451
	0.249389
	0.277542
	0.303081
	0.271269
	0.226728
	0.197586
	0.179553

	Recent_F/Fmsy=
	0.103126
	0.125702
	0.146985
	0.16913
	0.208687
	0.247397
	0.27212
	0.270012
	0.270601
	0.32841
	0.424201
	0.52271
	0.614825

	Recent_B/Bmsy=
	1.88049
	1.86485
	1.847
	1.82551
	1.77629
	1.73969
	1.73782
	1.76874
	1.73102
	1.56023
	1.35872
	1.19452
	1.06832

	 
	4.507102
	3.518282
	2.894508
	2.46265
	2.138724
	1.894087
	1.697923
	1.540482
	1.410281
	1.300815
	1.207303
	1.126559
	1.056127


Table 12.  Likelihood profile for Q ranging from 0.35-1.55.
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Figure 1.  Herring catch per tow (number and wt) from the winter USA bottom trawl survey during 1992-2005.
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Figure 2.  Herring catch per tow (number and wt) from the spring USA bottom trawl survey during 1968-2005.

.

[image: image4.emf]Autumn Survey

0

20

40

60

80

100

120

140

1963 1968 1973 1978 1983 1988 1993 1998 2003

Year

Survey Abundance 

(number/tow)

0

2

4

6

8

10

12

14

Survey Biomas (Kg)

Number



Weight


.Figure 3.   Herring catch per tow (number and wt) from the autumn USA bottom trawl survey during 1963-2005
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Figure 4.   Herring catch per tow (number) from the spring Canadian bottom trawl survey during 1986-2005

.

[image: image6.emf]
Figure 5.  Distribution and catch (number) of herring from the USA autumn bottom trawl survey during 1965-2005
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Figure 5 cont.
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Figure 5 cont.
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Figure 5 cont.
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Figure 6.  Average acoustic biomass from 11 TS equations for acoustic surveys during 1999-2000
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Figure 7.  Maturity stages (%) for acoustic surveys on Georges Bank during 1999-2005 
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Figure 8.   Bottom temperature from the USA spring bottom trawl survey during 1968-2005.
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Figure 9.  Bottom temperature from the USA autumn bottom trawl survey during 1963-2005.
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Figure 10.  Average length-at-age of herring from USA commercial landings during 1965-2005
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Figure 11.  Percent herring by weight in spiny dogfish stomachs in winter, spring, and autumn during 1977-2005.
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Figure 12.  .  Percent herring by weight in cod stomachs in winter, spring, and autumn during 1977-2005.
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Figure 13.  Consumption and landings (kt) of herring during 1959-2002.
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Figure 14.  Encounter rate (number of positive tows) for herring in the spring USA bottom trawl survey during 1968-2005
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Figure 15.  Encounter rate (number of positive tows) for herring in the autumn USA bottom trawl survey during 1963-2005
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Figure 16.  Output diagnostics from VPA with acoustics and Canadian survey included.


[image: image18.emf]
Figure 17.  SSB from VPA with the acoustic survey and Canadian survey included
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Figure 18.  Total biomass from VPA with the acoustic survey and Canadian survey included
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Figure 19.  Output diagnostics from VPA with acoustic survey not included.


[image: image20.emf]
Figure 20.  SSB for VPA with acoustic survey not included.

[image: image21.emf]
Figure 21.  Total biomass for VPA with acoustic survey not included.

[image: image22.emf]
Figure 22.  Observed vs predicted for age 5 fall from USA autumn bottom trawl survey 1985-2005 with the acoustic and Canadian surveys not included.


[image: image23.emf]
Figure 23.  SSB during 1967-2005 from VPA with the acoustic and Canadian surveys not included.
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Figure 24.  Fishing mortality during 1967-2005 from VPA with the acoustic and Canadian surveys not included
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Figure 25.  Observed vs predicted for the ASAP model with acoustics survey included.
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Figure 26.  Observed vs predicted acoustic survey for the ASAP model 
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Figure 27.  SSB for the ASAP model with the acoustic survey included

[image: image26.emf]
Figure 28.  Fishing mortality from the ASAP model with the acoustic survey included.
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Figure 29.  Output observed vs predicted for the ASAP model with the acoustic survey not included.
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Figure 30.  SSB from the ASAP model with the acoustic survey not included.

[image: image28.emf]
Figure 31.  Fishing mortality from the ASAP model with the acoustic survey not included.

[image: image29.emf]
Figure 32.  SSB retrospective for 2000-2005 from the ASAP model with the acoustic survey not included.
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Figure 33.  SSB from the ASAP model with the acoustic and Canadian surveys not included.
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Figure 34.  Total biomass from the ASAP model with the acoustic and Canadian surveys not included.
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Figure 35.  Observed vs predicted and residual patterns for the spring age 2, spring age 3+, and winter age 2 surveys for the K2FPA base case model.

[image: image33.emf]0.1

1

10

100

1990 1995 2000 2005 2010

Datum

Yhat

0.000001

0.00001

0.0001

0.001

0.01

0.1

1

1960 1970 1980 1990 2000 2010

Datum

Yhat

0.0001

0.001

0.01

0.1

1

10

100

1960 1970 1980 1990 2000 2010

Datum

Yhat

StdResid

-3

-2

-1

0

1

2

1960 1970 1980 1990 2000 2010

StdResid

-4

-3

-2

-1

0

1

2

1960 1970 1980 1990 2000 2010

StdResid

-4

-3

-2

-1

0

1

2

1990 1995 2000 2005 2010


Figure 36.  .  Observed vs predicted and residual patterns for the winter age 3+, fall age 2, and fall age 3+ surveys for the K2FPA base case model.
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Figure 37.  Observed vs predicted and residual patterns for the acoustic, US larval, and Canadian larval surveys for the K2FPA base case model.
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Figure 38.  Observed vs predicted and residual patterns for the Canadian age 2, and Canadian age 3+ surveys for the K2FPA base case model.
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Figure 39.  Recruitment, escapement, total biomass and SSB from the KFPA model (base case) with the acoustic survey included (1999-2002).
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Figure 40.  Catch and fishing mortality from the K2FPA model (base case) during 1959-2005 with the acoustic survey included (1999-2002).
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Figure 41.  Surplus production vs biomass from a Schaefer model fit from the K2FPA model (base case) during 1959-2005 with the acoustic survey included (1999-2002).

[image: image39.emf]Surplus Production (Fox)

0

0.1

0.2

0.3

0.4

0 0.5 1 1.5 2 2.5

Biomass (million mt)

SP (million mt)


Figure 42.  Surplus production vs biomass from a Fox model fit from the K2FPA model (base case) during 1959-2005 with the acoustic survey included (1999-2002).
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Figure 43.  Surplus production and landings from the K2FPA model (base case) during 1959-2005 with the acoustic survey included (1999-2002).
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Figure 44.  Beverton-Holt stock-recruitment plot from the K2FPA model (base case) during 1959-2005 with the acoustic survey included (1999-2002).
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Figure 45.  SSB retrospective plot from the K2FPA model (base case) during 1959-2005 with the acoustic survey included (1999-2002).
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Figure 46.  Fishing mortality retrospective plot from the K2FPA model (base case) during 1959-2005 with the acoustic survey included (1999-2002).
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Figure 47.  Outputs from the K2FPA model during 1959-2005 with the acoustic survey trend and Canadian survey not included.
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Figure 48.  Outputs from the K2FPA model during 1959-2005 with the acoustic and Canadian surveys not included.
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Figure 49.  Outputs from the K2FPA model during 1959-2005 with the acoustic survey scale not included and trend for 1999-2005 included.
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Figure 50.  Fishing mortality from the K2FPA model during 1959-2005 with the acoustic survey scale not included and acoustic trend for 1999-2005 included.
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