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The population structure of cod in the broader Gulf of Maine area is characterized as offshore components on Georges Bank, Browns Bank and the Great South Channel/Nantucket Shoals, and localized coastal components that have limited connection to banks.
For the purpose of the sharing agreement, the USA and Canada designated cod on eastern Georges Bank [5Zjm; 551&552&561&562] as the transboundary management unit (Figure 1).
The USA has a requirement for management advice on cod west of eastern Georges Bank. The status quo has been to use an assessment of cod in 5Zjm for transboundary management advice and an assessment of cod in 5Z+6 for USA domestic management advice. While other options could be followed, this option is possibly the least disruptive to the existing processes. However, this approach requires concurrent assessment reviews of 5Zjm and of 5Z+6 to harmonize results.
The remainder of this document deals with the assessment of cod on eastern Georges Bank.

Fishery
Combined Canada/USA catches, which averaged 17,500 mt between 1978 and 1992, peaked at 26,460 mt in 1982, declined to 1,804 mt in 1995, fluctuated around 3,000 mt until 2003, and subsequently declined again. Catches in 2007 were 1,796 mt, including 472 mt of discards (Table 1, Figure 2).
The combined Canada/USA fishery catch at age was obtained by pooling Canadian landings at age, discards at age from groundfish fishery and discards at age from scallop fishery with USA landings at age and discards at age (Table 2, Figure 3). The number of fish captured by the fishery for all the ages has declined substantially since 1995. The proportion of age composition in the catch at age has tended to decrease for ages 2-3 and increase for ages 4-7. Both number and proportion caught at ages 9 and older are lower.

Average of weights at age from Canadian landings, discards from Canadian groundfish fishery and scallop fishery, USA landings and discards, weighting by their catch at age number respectively, was used as the Canada/USA fishery weights at age (Table 3).

Survey Indices

Surveys on Georges Bank have been conducted by DFO each year (February) since 1986 and by NMFS each autumn (October) since 1963 and each spring (April) since 1968. All surveys use a stratified random design (Figures 4 and 5).
Surveys catch at younger ages from all three surveys declined substantially since the early 1990s (Tables 4-6, Figures 6-8). Compared with before early 1990s, the proportion of age composition of ages 4-6 increased. Abundance for ages 9 and older is currently very low.
Population weight at age for beginning of year was derived from the DFO and NMFS spring survey results {1978-1985 weight length relationship applied to NMFS spring average length at age; 1986-1992 DFO weight at age; 1992-2008 average of DFO weight at age and NMFS spring weight at age}(Table 7, Figure 9).
Stock Status Determination

The adaptive framework, ADAPT, (Gavaris 1988) was used to calibrate the virtual population analysis with the research survey indices. The observed data used in the models were:

Ca,t =catch at age for ages a = 1 to 10+ and time t = 1978 to 2007, where t represents the year during which the catch was taken

I1,a,t = DFO survey for ages a = 1 to 8 and time t = 1986.16, 1987.16… 2007.16, 2008.00

I2,a,t = NMFS spring survey (Yankee 41) for ages a = 1 to 8 and time t = 1978.29, 1979.29, 1980.29, 1981.29

I3,a,t = NMFS spring survey (Yankee 36), for ages a = 1 to 8 and time t = 1982.29, 1983.29… 2007.29, 2008.00
I4,a,t = NMFS autumn survey, ages a = 1 to 5 and time t = 1978.69, 1979.69… 2005.69.
For model fitting, the population numbers at the time of year the surveys occurred were derived by applying the fishing and natural mortality to the numbers at the beginning of the year. Since the fishing mortality rate for 2008 was not known, the DFO survey and the NMFS spring survey were designated as beginning of year for 2008 only. This deviation is not considered to have an appreciable impact as the catch prior to the surveys being conducted is small in recent years.
All model formulations assumed that observation errors for the catch at age data were negligible. Observation errors for the abundance indices at age were assumed to be independent and identically distributed after taking natural logarithms of the values. Zero observations for abundance indices were treated as missing data as the logarithm of zero is not defined. Numbers and fishing mortality for the 10+ age group were derived by aggregating the survivors for ages 9 and 10+ in the previous year.
Estimation was based on minimization of the objective function:
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, where s indexes survey and N is population abundance.

Statistical properties of estimators were determined using conditional non-parametric bootstrapping of model residuals (Efron and Tibshirani 1993, Rivard and Gavaris 2003a). Retrospective analyses were used to detect any patterns to consistently overestimate or underestimate fishing mortality, biomass and recruitment relative to the terminal year estimates.
Context
Basic VPA Calibration
For a basic VPA calibration, the annual natural mortality rate, M, was assumed constant and equal to 0.2 for all ages in all years. Fishing mortality on age 9 for 1978 to 2007 was assumed to be equal to the population number weighted average fishing mortality on ages 7 and 8. The estimated model parameters were:

a,t = lnNa,t = ln population abundance for a = 2 to 9 at time t = 2008
1,a = ln DFO survey catchability for a = 1 to 8
2,a = ln NMFS spring survey (Yankee 41) catchability for ages a = 1 to 8
3,a = ln NMFS spring survey (Yankee 36) catchability for ages a = 1 to 8
4,a = ln NMFS autumn survey catchability for ages a = 1 to 5.
The basic VPA calibration displayed notable age and time residual patterns (Figure 10). However, greatest concern was caused by the persistent retrospective patterns (Figures 12-13) which indicated that contemporary estimates of biomass were consistently lower than previously estimated.
2002 Benchmark Formulation

A benchmark assessment review was conducted in 2002 to address concerns about the residual patterns and the retrospective patterns from the assessment. For the consensus formulation a 10+ plus group was not used. Rather the age 10 catch was employed. The benchmark formulation was otherwise similar to the basic formulation except that it also estimated population abundance at age 11 for 1999 onwards. The estimated model parameters for the consensus formulation from that meeting applied to the currently available data were:

a,t = lnNa,t = ln population abundance for a = 2 to 11 at time t = 2008 and for a = 11 at time t = 1999 to 2007

1,a = ln DFO survey catchability for a = 1 to 8
2,a = ln NMFS spring survey (Yankee 41) catchability for ages a = 1 to 8
3,a = ln NMFS spring survey (Yankee 36) catchability for ages a = 1 to 8
4,a = ln NMFS autumn survey catchability for ages a = 1 to 5.
Note that the 2002 benchmark formulation excluded DFO survey abundance indices for ages 1 and 8. They are included here for comparative purposes but do not have much influence on the fit.
The residuals from the 2002 benchmark formulation were somewhat improved compared to the basic formulation, but age and time patterns persisted (Figure 11).  The retrospective pattern was greatly improved with contemporary estimates of biomass being either slightly lower or higher than previously estimated (Figures 12-13).

The benchmark formulation resulted in a somewhat domed fishery partial recruitment (Figure 14). In view of relatively flat survey catchability at older ages (Figure 15), this feature was not considered a concern. Further, a domed shaped fishery partial recruitment was not inconsistent with the decline in catches during the first quarter, when larger cod were more prevalent (Figure 16). The resulting fishing mortality trend from the benchmark formulation also appeared to better reflect the trends in catches (Figure 17).

In recent assessments, the tendency for a dome shaped fishery partial recruitment with a more steeply descending limb (Figure 18), dome survey catchability at age (Figure 19) and high estimates of population at older ages (Figure 20) raised concerns. Preliminary exploration of alternative model formulations (Clark et al 2008) suggested that the benchmark formulation may be overestimating population biomass. A benchmark review was recommended.
Data Features that Models Need to Fit/Explain

The rationale for a dome shaped fishery partial recruitment was revisited. While comparisons of length composition between first quarter and second half confirmed that larger/older cod tended to be more prevalent in the first quarter, this was not always the case (Figures 21-24). More importantly, the proportion of the catch attributed to the first quarter only averaged 10% (Figure 25). As a consequence, the ratio of 4+ to 7+ was not appreciably affected by the absence of first quarter catches (Figure 26).
Despite reduced catches of ages 4-6 since the mid-1990s, the catch of older fish has not increased appreciably (Figure 27).

Smoothed survey trends indicate a progressive decline for ages 2-3, a decline at ages 4-6 during the early 1990s followed by a moderate increase and fluctuation without much trend at ages 7-8 (Figure 28). The benchmark formulation does a better job of fitting the ages 4-6 trend, but generates more fish at ages 7-8 than indicated by the surveys.

Time trends in survey catchability at age, extracted from the basic formulation, indicate that survey catchability increased since the mid 1990s for ages 4-6 and perhaps age 3, but not necessarily for other ages (Figure 29). Indeed, the catchability appears to decline at ages 1 and 2.

Total mortality calculations suggest that there may have been a decline around the mid 1990s, but total mortality is currently as high or higher compared to pre-1995 (Figure 30). Notably, total mortality is appreciably higher for ages 6-8 compared to ages 4-5. Relative exploitation, in contrast, suggests that fishing mortality decreased substantially in the mid 1990s (Figure 31).
In summary, the following observations can be made:

· no support for change to steeply domed fishery PR

· indications of increased survey catchability for ages 3 or 4-6 in recent years

· total mortality declined some in mid 1990s but remains high

· indications of higher M for fish 6 years old and older 

· relative exploitation rate declined in recent
Model Options
No Split/Increase M

Both the DFO and NMFS spring survey show that increased number of fish of age 4-6 in recent years, but not for the older fish (Figure 6 and 7), while the number of fish captured in fishery  for all the age groups has decreased significantly since 1994(Figure 3). The calculated mortality rate Z from survey and catch data are still at a higher level. This leads to the assumption that natural mortality might have increased in recent years. The starting time is selected as 1994, the date when new management measures were introduced and stock was a low level.
ADAPT setup for this model:

· M=0.2 for ages 1-10+,  years 1978-1993

· M=0.2 for ages 1 to age A-1, from 1994-2007, then is estimated as one block for ages A-10+

· In 2008, N is estimated for ages 1-9

· F for age 9 is calculated as the weighted average of F on age 7 and 8, for years 1978 -2007

In order to decide a suitable age A at which the higher M begins, a few runs are done starting at different ages from 4 to 7, respectively. The time and age patterns in F, age pattern in survey q and sum square of residuals (SSQ) are used to diagnose (Figures 32-34).  Starting at age 6 has the lowest SSQ, flat fishery and survey PR, and the estimated M is 0.7. Considering the correlation of survey q and M, then a few fixed M value from 0.2 to 0.7 are used to test (Figures 35-37).  The F since 1994 are still as high as the 1980s when M= 0.2, 0.3 and 0.4. Tile M =0.7 when the survey q has flat pattern, and it has the lowest SSQ.  The retrospective runs are used to confirm the consistency of M estimation with time change (Figure 38),  the estimated M are around 0.7 for all the different terminal year from 200-2008. Based on the above analysis, the model with fixed M at 0.7 starting at age 6 from 1994 (referred to as “no split M 0.7”) are used to as the M changed model. 

Tables 8-9 show the assessment result using no split M 0.7 model formulation. This model produces 3+ biomass about 17,500 mt in 2008. The averaged fishing mortality F in 3 time blocks are around 0.5, 0.25 and 0.18, and flat fishery selectivity PR (Figure 39). Survey catchability q of DFO spring survey is 0.8 at fully recruited age 5 (Figure 40). Figure 41 is the comparison between the estimated q and the qs calculated as the ratio of survey abundance index to estimated population numbers. There is a clearly increased trend on calculated q for ages 4 to 6.  And for age 4 and 5, most of the calculated q points are bellowed the estimated q for the early years and above for the recent years. This left the question about if the survey catchability q has changed.
Split/Constant M

At GARMIII meeting, the q changed model was accepted as the assessment model of Atlantic cod on Georges Bank. In this model, the survey abundance indices are split at 1994, and constant M=0.2 is assumed for all the years. This model is explored again at this benchmark meeting for Atlantic cod on eastern Georges Bank. It is referred to as “split no M change” model.

The model setup are same as no split model, except that M=0.2 for all the ages for all the years, and the survey indices split after 1994. 

Tables 10-11 are the estimated beginning of the year population abundance and annual fishing mortality. This model produces almost the same level of fishing mortality at 0.6 for the 3 time blocks, despite the restrictive management measures that have been in place in recent time period (Figure 42). The 3+ biomass in 2008 is around 9,000mt. Survey catchability q of DFO spring survey reaches 3.0 at fully recruited age 6, which seems incredibly high and represents a marked change from pre-1994 (Figure 43). There is a clearly increased trend both on model estimated and calculated q for ages 3 to 8.  However, most of the calculated q points are bellowed the estimated q, greatly affected by the survey year effects from high catches (Figure 44).  The short time series since 1994, high variability in survey catches and confounding with potential changes in M may compromise our ability to estimate q well.

Split/Increase M
Due to the problems with the above 2 models, the model with both q and M changes are explored. Same setup as split no M change, except that M is estimated for ages 6-10+ for the years 1994-2007.

As mentioned above, the concern about the poor survey data and the correlation of survey q and estimated M, a few trials are done by fixing M at different values, starting from 0.2 to 0.7. Then the comparisons are made to select a suitable M value. For M=0.2, 0.3 and 0.4, the estimated F in 1994-2000 is still as high as the 1980s. M=0.5 has the smallest SSQ value, and flat survey q. The retrospective runs get the same estimated M value, except for the runs when the terminal year is 2003 and 2004, meanwhile they all have higher CV (Figures 45-48). Therefore, the M is fixed at 0.5, which is referred to as “split M 0.5” model.

This model produces an averaged higher fishing mortality at 0.6 for the years from 1978 to 1993, 0.45 for the years of 1995-2000 and 0.35 for the years of 2001-2007 (Table 13, Figure 49). 3+ biomass is around 11,500mt in 2007(Table 12). Survey catchability q of DFO spring survey is 1.5 at fully recruited age 5 (Figure 50).  The estimated q decreased for recent time period of younger fish at ages 1 and 2, a little increasing of age 3, a clearly increased trend of older fish (Figure 50).  Year effects from high catches persist (Figure 51).

Comparisons

The following diagnostics are used to compare the above three models 

· Population abundance (Figure 52)

· Estimated VS survey biomass trend (Figure 53)

· Population biomass (Figure 54)

· Time patterns in F with respect to catch ( Figure 55)

· Residual patterns (Figure 56)

· Retrospective pattern ( Figure 57-58)

Reference Points

The Transboundary Management Guidance Committee has adopted a strategy to maintain a low to neutral risk of exceeding the fishing mortality limit reference, Fref = 0.18. When stock conditions are poor, fishing mortality rates should be further reduced to promote rebuilding.
Changes in M and changes in weight at age would invoke an update of Fref. Results from dynamic pool models would indicate a higher Fref. However, incorporating a Beverton-Holt stock recruitment relationship into the dynamic pool models would cause a reduction in Fref (Figure 59). Inability to characterize a stock-recruitment relationship and uncertainty about the magnitude and persistence of any change in M suggest that it may be imprudent to increase the Fref on the basis of results from dynamic-pool models (Figure 60). There do not appear to be any time trends in recruits per spawner that might be associated with compensatory processes in response to either higher M or reduced biomass (Figure 61). Further, there are indications that weight at age has increased in recent years, particularly at younger ages (Figure 9 includes preliminary weight at age from 2009 survey). It may be premature to adjust Fref for changes in growth that may not be persistent.
Procedure for Projection

The outlook is provided in terms of consequences with respect to the harvest reference points for alternative catch quotas in 2009. Uncertainty about standing stock generates uncertainty in forecast results, which is expressed here as the risk of exceeding Fref =0.18 or the risk that biomass will not increase by a given percentage. The risk calculations assist in evaluating the consequences of alternative catch quotas by providing a general measure of the uncertainties. However, they are dependent on the data and model assumptions and do not include uncertainty due to variations in weight at age, partial recruitment to the fishery, natural mortality, systematic errors in data reporting or the possibility that the model may not reflect stock dynamics closely enough.
For projections, the 2005-2007 average values for the fishery weight at age and the 2003-2007 average values for partial recruitment pattern were assumed for 2008-2009 and the 2006-2008 average values were assumed for beginning of year population weight at age in 2009-2010. In general, 5 year averages are used when trends are not apparent and shorter time periods are used to account for appreciable trends.
Projection & Risk Analyses

Illustrative projections were conducted to evaluate how differences in stock status determination using the various models translate into differences for catch advice and biomass trajectory. The “no split M 0.7” model generates a fairly high catch at F=0.18 but results in an almost certain biomass decline (Table 14, Figure 62). In contrast, the “split no M change” model generates a relatively low catch at F=0.18 but provides the greatest prospects for biomass increase. The results from the “split M 0.5” model are intermediate.
Table 1. Catches from Canadian and USA fisheries on eastern Georges Bank.
	
	 
	Canada
	 
	 
	
	 
	USA
	 
	
	Total

	Year
	Landings
	Discards

Scallop
	Discards

Grndfish
	Total
	
	Landings
	Discards
	Total
	
	

	1978
	8,777
	98
	
	8,875
	
	5,502
	
	5,502
	
	14,377

	1979
	5,979
	103
	
	6,082
	
	6,408
	
	6,408
	
	12,490

	1980
	8,066
	83
	
	8,149
	
	6,418
	
	6,418
	
	14,567

	1981
	8,508
	98
	
	8,606
	
	8,092
	
	8,092
	
	16,698

	1982
	17,827
	71
	
	17,898
	
	8,565
	
	8,565
	
	26,463

	1983
	12,131
	65
	
	12,196
	
	8,572
	
	8,572
	
	20,769

	1984
	5,761
	68
	
	5,829
	
	10,550
	
	10,550
	
	16,379

	1985
	10,442
	103
	
	10,545
	
	6,641
	
	6,641
	
	17,186

	1986
	8,504
	51
	
	8,555
	
	5,696
	
	5,696
	
	14,251

	1987
	11,844
	76
	
	11,920
	
	4,793
	
	4,793
	
	16,713

	1988
	12,741
	83
	
	12,824
	
	7,645
	
	7,645
	
	20,470

	1989
	7,895
	76
	
	7,971
	
	6,182
	104
	6,286
	
	14,257

	1990
	14,364
	70
	
	14,434
	
	6,414
	98
	6,512
	
	20,946

	1991
	13,467
	65
	
	13,532
	
	6,353
	150
	6,502
	
	20,035

	1992
	11,667
	71
	
	11,738
	
	5,080
	204
	5,284
	
	17,022

	1993
	8,526
	63
	
	8,589
	
	4,019
	69
	4,089
	
	12,677

	1994
	5,277
	63
	
	5,340
	
	998
	6
	1,004
	
	6,344

	1995
	1,102
	38
	
	1,140
	
	544
	0
	544
	
	1,684

	1996
	1,924
	56
	
	1,980
	
	676
	2
	678
	
	2,658

	1997
	2,919
	58
	428
	3,405
	
	549
	6
	555
	
	3,960

	1998
	1,907
	92
	273
	2,272
	
	679
	8
	687
	
	2,960

	1999
	1,818
	85
	253
	2,156
	
	1,195
	14
	1,209
	
	3,365

	2000
	1,572
	69
	
	1,641
	
	772
	33
	805
	
	2,446

	2001
	2,143
	143
	
	2,286
	
	1,487
	367
	1,855
	
	4,140

	2002
	1,278
	94
	
	1,372
	
	1,680
	11
	1,690
	
	3,063

	2003
	1,328
	200
	
	1,528
	
	1,854
	117
	1,970
	
	3,498

	2004
	1,112
	145
	
	1,257
	
	1,007
	66
	1,073
	
	2,330

	2005
	630
	110
	144
	884
	
	174
	260
	434
	
	1,318

	2006
	1,096
	118
	237
	1,451
	
	134
	129
	263
	
	1,714

	2007
	1,108
	124
	
	1,232
	
	216
	348
	564
	
	1,796

	Minimum
	630
	38
	144
	884
	
	134
	0
	263
	
	1,318

	Maximum
	17,827
	200
	428
	17,898
	
	10,550
	367
	10,550
	
	26,463

	Average
	6,390
	88
	267
	6,523
	
	3,963
	66
	4,030
	
	10,553


Table 2. Catch at age numbers (thousands) from Canadian and USA fisheries on eastern Georges Bank.
	Year/Age
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16+
	Total

	1978
	1
	8
	108
	3643
	1167
	394
	163
	127
	22
	23
	6
	2
	1
	0
	0
	0
	0
	5667

	1979
	1
	15
	890
	734
	1520
	543
	182
	74
	61
	11
	3
	2
	1
	0
	1
	0
	0
	4037

	1980
	2
	6
	973
	1650
	301
	968
	354
	97
	26
	46
	16
	4
	1
	0
	0
	0
	0
	4445

	1981
	3
	35
	855
	1853
	1333
	276
	484
	185
	97
	58
	20
	3
	1
	0
	0
	0
	0
	5202

	1982
	0
	15
	3516
	1971
	1269
	1087
	195
	399
	155
	49
	14
	22
	6
	3
	4
	1
	0
	8707

	1983
	10
	22
	783
	2510
	1297
	562
	398
	118
	182
	102
	25
	28
	12
	1
	3
	1
	0
	6055

	1984
	0
	17
	230
	805
	1353
	546
	376
	279
	39
	90
	38
	17
	7
	2
	3
	0
	1
	3804

	1985
	33
	9
	2861
	1409
	661
	987
	271
	110
	110
	21
	27
	3
	4
	1
	1
	0
	0
	6509

	1986
	1
	41
	451
	2266
	588
	343
	456
	68
	48
	29
	4
	8
	1
	0
	0
	0
	0
	4303

	1987
	2
	22
	4116
	846
	1148
	163
	132
	174
	41
	24
	8
	3
	1
	0
	0
	0
	0
	6680

	1988
	1
	23
	289
	4190
	680
	855
	130
	116
	182
	52
	21
	13
	4
	1
	0
	0
	0
	6556

	1989
	1
	35
	683
	812
	1980
	228
	373
	56
	40
	59
	15
	7
	5
	0
	0
	0
	0
	4294

	1990
	1
	20
	735
	3117
	1038
	1374
	145
	153
	12
	12
	24
	3
	2
	1
	0
	0
	0
	6639

	1991
	0
	65
	1023
	1010
	1924
	904
	746
	105
	69
	21
	11
	8
	4
	2
	0
	1
	0
	5893

	1992
	0
	67
	2575
	1378
	459
	890
	314
	316
	45
	34
	3
	5
	2
	1
	0
	0
	0
	6090

	1993
	0
	10
	499
	1898
	909
	299
	359
	133
	97
	25
	17
	2
	0
	0
	0
	0
	0
	4249

	1994
	1
	5
	184
	483
	788
	270
	45
	61
	30
	21
	2
	1
	0
	0
	0
	0
	0
	1890

	1995
	3
	1
	57
	237
	94
	105
	18
	7
	4
	4
	0
	0
	0
	0
	0
	0
	0
	531

	1996
	0
	8
	40
	234
	397
	79
	60
	13
	4
	3
	0
	0
	0
	0
	0
	0
	0
	840

	1997
	1
	7
	145
	206
	358
	358
	83
	37
	13
	4
	1
	1
	0
	0
	0
	0
	0
	1213

	1998
	0
	4
	100
	315
	161
	158
	134
	23
	13
	4
	1
	0
	1
	0
	0
	0
	0
	914

	1999
	0
	7
	77
	486
	337
	109
	61
	57
	14
	2
	1
	0
	0
	0
	0
	0
	0
	1152

	2000
	1
	10
	79
	114
	379
	151
	37
	22
	12
	3
	0
	0
	0
	0
	0
	0
	0
	809

	2001
	1
	97
	224
	533
	221
	404
	105
	32
	17
	7
	1
	0
	0
	0
	0
	0
	0
	1643

	2002
	1
	1
	12
	126
	444
	108
	155
	30
	9
	6
	2
	1
	0
	0
	0
	0
	0
	894

	2003
	13
	0
	37
	166
	243
	405
	81
	90
	19
	4
	1
	0
	0
	0
	0
	0
	0
	1059

	2004
	0
	21
	12
	145
	151
	147
	139
	35
	30
	7
	1
	1
	0
	0
	0
	0
	0
	689

	2005
	0
	2
	92
	59
	200
	57
	32
	40
	11
	5
	1
	0
	0
	0
	0
	0
	0
	499

	2006
	0
	6
	20
	250
	78
	188
	48
	18
	17
	2
	1
	0
	0
	0
	0
	0
	0
	629

	2007
	0
	2
	77
	84
	405
	30
	86
	11
	7
	7
	0
	0
	0
	0
	0
	0
	0
	709


Table 3. Average weight at age (kg) from Canadian and USA fisheries on eastern Georges Bank.
	Year/Age
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16+

	1978
	0.0
	0.4
	1.3
	2.1
	2.7
	3.7
	5.4
	5.6
	8.3
	7.5
	11.3
	15.0
	15.4
	13.6
	12.2
	17.4
	19.7

	1979
	0.0
	0.7
	1.4
	1.5
	3.3
	4.5
	6.6
	9.4
	9.6
	9.9
	14.2
	12.0
	15.5
	20.6
	19.6
	
	

	1980
	0.0
	0.4
	1.2
	2.2
	3.1
	5.0
	6.3
	7.2
	11.5
	10.4
	12.5
	16.3
	17.8
	
	
	
	

	1981
	0.0
	0.5
	1.3
	2.0
	3.1
	4.6
	6.5
	8.0
	9.2
	11.5
	14.5
	19.7
	20.5
	
	
	
	

	1982
	0.0
	0.6
	1.3
	2.1
	3.6
	5.0
	6.8
	8.5
	9.9
	11.9
	14.0
	15.8
	18.3
	19.0
	18.3
	19.9
	

	1983
	0.0
	0.9
	1.5
	2.2
	3.1
	4.6
	6.1
	7.8
	10.2
	11.5
	13.2
	15.0
	15.9
	22.4
	20.2
	27.5
	16.2

	1984
	0.0
	0.7
	1.6
	2.3
	3.4
	4.8
	6.1
	8.3
	9.4
	11.2
	12.0
	13.9
	16.1
	18.6
	21.2
	
	20.2

	1985
	0.0
	0.5
	1.3
	1.8
	3.2
	4.6
	5.9
	7.9
	9.6
	10.8
	12.5
	15.9
	16.6
	20.4
	18.9
	23.8
	

	1986
	0.0
	0.5
	1.4
	2.4
	3.3
	4.8
	6.7
	8.1
	9.2
	11.4
	11.5
	11.8
	17.3
	
	
	
	

	1987
	0.0
	0.6
	1.5
	2.4
	3.9
	5.4
	7.2
	8.8
	9.5
	11.3
	12.0
	16.7
	18.4
	17.6
	
	
	

	1988
	0.0
	0.6
	1.2
	2.2
	3.1
	4.9
	6.1
	8.3
	9.9
	11.1
	12.5
	14.5
	16.8
	19.2
	27.5
	14.2
	

	1989
	0.0
	0.7
	1.3
	2.0
	3.3
	4.9
	6.0
	6.8
	9.8
	10.7
	12.8
	15.3
	14.6
	18.6
	18.2
	
	

	1990
	0.0
	0.7
	1.5
	2.4
	3.2
	4.6
	6.0
	7.8
	9.8
	11.2
	12.8
	15.6
	14.8
	17.7
	
	18.7
	

	1991
	
	0.7
	1.5
	2.4
	3.1
	4.2
	5.5
	7.5
	9.5
	9.2
	13.3
	13.9
	12.7
	17.5
	22.5
	11.0
	

	1992
	
	0.9
	1.4
	2.3
	3.3
	4.2
	5.7
	6.8
	8.7
	11.2
	14.9
	13.8
	17.5
	16.8
	
	
	

	1993
	
	0.6
	1.4
	2.1
	2.8
	4.3
	5.4
	6.8
	8.3
	9.1
	11.1
	16.4
	26.4
	22.5
	
	
	

	1994
	0.0
	0.6
	1.3
	2.1
	3.4
	4.4
	6.4
	7.2
	8.2
	8.0
	11.4
	13.1
	
	22.2
	27.7
	
	

	1995
	0.0
	0.3
	1.3
	2.1
	3.4
	4.9
	6.4
	10.1
	10.0
	10.4
	15.6
	20.5
	19.3
	
	
	
	

	1996
	0.1
	0.5
	1.4
	2.2
	3.0
	4.7
	5.8
	6.4
	9.0
	10.4
	10.3
	11.9
	
	
	21.7
	
	

	1997
	0.0
	0.7
	1.4
	2.1
	2.9
	3.9
	5.4
	7.3
	8.3
	11.5
	9.9
	13.2
	18.9
	
	
	
	

	1998
	0.0
	0.8
	1.4
	2.1
	3.0
	4.0
	5.3
	6.6
	7.8
	10.2
	12.8
	15.7
	14.1
	17.6
	
	
	

	1999
	0.0
	0.6
	1.3
	2.0
	3.1
	3.9
	5.5
	6.3
	7.5
	9.4
	13.6
	15.9
	
	24.3
	
	
	

	2000
	0.0
	0.7
	1.2
	1.9
	2.9
	4.0
	4.7
	5.7
	6.8
	8.4
	14.1
	11.2
	18.5
	
	17.3
	
	

	2001
	0.0
	0.5
	0.9
	1.8
	2.7
	3.5
	4.9
	5.2
	7.3
	8.6
	11.0
	10.4
	9.4
	
	
	
	

	2002
	0.0
	0.3
	1.2
	2.0
	2.8
	4.0
	4.9
	6.4
	8.2
	8.0
	10.1
	13.7
	12.4
	
	22.1
	
	

	2003
	0.0
	
	1.2
	2.1
	2.7
	3.5
	4.3
	5.5
	6.8
	7.6
	8.1
	11.9
	
	
	
	
	

	2004
	
	0.2
	1.2
	1.8
	2.8
	3.5
	4.6
	5.2
	7.2
	8.5
	8.6
	10.6
	14.9
	
	19.4
	19.9
	24.3

	2005
	
	0.2
	0.9
	1.5
	2.4
	3.5
	4.5
	4.9
	6.8
	8.0
	8.7
	15.4
	14.5
	9.6
	
	
	

	2006
	
	0.2
	0.7
	1.7
	2.4
	3.4
	4.3
	6.1
	5.8
	6.8
	7.3
	8.7
	7.1
	
	
	
	

	2007
	0.0
	0.5
	1.1
	1.6
	2.4
	3.1
	4.0
	6.3
	6.8
	6.9
	9.3
	10.8
	 
	 
	 
	 
	 


Table 4. Indices of swept area abundance (thousands) for eastern Georges Bank cod from the DFO survey.
	Year/Age
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16+
	Total

	1986
	
	770
	3538
	3204
	331
	692
	445
	219
	35
	66
	0
	10
	0
	0
	0
	0
	0
	9311

	1987
	
	48
	1791
	642
	753
	162
	89
	181
	89
	13
	13
	0
	13
	16
	0
	0
	0
	3812

	1988
	
	148
	450
	5337
	565
	838
	95
	79
	179
	18
	12
	4
	0
	16
	0
	0
	0
	7741

	1989
	
	350
	2169
	764
	1706
	258
	332
	42
	85
	112
	5
	32
	8
	5
	0
	0
	0
	5868

	1990
	20
	106
	795
	3471
	1953
	4402
	535
	1094
	144
	157
	289
	65
	52
	37
	0
	0
	5
	13125

	1991
	
	1198
	1019
	1408
	1639
	882
	1195
	148
	249
	38
	45
	30
	12
	5
	8
	0
	0
	7876

	1992
	
	48
	2049
	1221
	409
	643
	451
	300
	93
	38
	0
	3
	3
	18
	0
	0
	0
	5276

	1993
	
	31
	355
	1723
	622
	370
	754
	274
	268
	51
	31
	0
	20
	6
	0
	0
	0
	4504

	1994
	
	13
	629
	691
	1289
	477
	182
	363
	84
	119
	12
	0
	0
	0
	8
	5
	0
	3871

	1995
	
	32
	187
	1240
	757
	520
	186
	44
	67
	28
	18
	8
	6
	0
	0
	0
	0
	3093

	1996
	
	90
	203
	1744
	4337
	1432
	1034
	445
	107
	149
	39
	4
	0
	0
	5
	0
	0
	9590

	1997
	
	30
	376
	568
	1325
	1262
	216
	50
	35
	23
	17
	0
	3
	0
	0
	0
	0
	3905

	1998
	
	6
	582
	831
	322
	317
	238
	56
	29
	7
	8
	3
	4
	0
	0
	0
	0
	2402

	1999
	
	3
	156
	1298
	1090
	449
	317
	190
	10
	28
	5
	9
	0
	3
	0
	0
	0
	3561

	2000
	
	0
	423
	1294
	4967
	2157
	1031
	510
	317
	20
	23
	12
	0
	0
	0
	0
	0
	10754

	2001
	
	3
	37
	802
	519
	1391
	645
	334
	224
	225
	36
	24
	7
	0
	0
	0
	0
	4248

	2002
	
	0
	118
	477
	2097
	694
	1283
	458
	188
	63
	76
	7
	0
	0
	0
	0
	0
	5462

	2003
	
	0
	8
	200
	510
	867
	194
	219
	69
	12
	0
	0
	0
	0
	0
	0
	0
	2078

	2004
	
	427
	40
	246
	381
	422
	353
	59
	108
	25
	5
	0
	3
	0
	0
	0
	0
	2069

	2005
	
	25
	1025
	1398
	7149
	1766
	816
	743
	60
	87
	8
	4
	0
	0
	0
	0
	0
	13082

	2006
	
	0
	41
	1500
	673
	1779
	757
	217
	216
	83
	34
	10
	15
	0
	0
	0
	0
	5325

	2007
	
	18
	130
	549
	2606
	379
	653
	119
	81
	53
	0
	4
	0
	0
	0
	0
	0
	4591

	2008
	
	12
	147
	1027
	755
	2978
	194
	392
	41
	4
	20
	0
	0
	0
	0
	0
	0
	5569


Table 5. Indices of swept area abundance (thousands) for eastern Georges Bank cod from the NMFS spring survey. Conversion factors to account for vessel and trawl door changes have been applied. During 1973-1981 a Yankee 41 net was used rather than the standard Yankee 36 net.
	Year/Age
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16+
	Total

	1970
	0
	354
	1115
	302
	610
	73
	263
	48
	0
	71
	24
	0
	48
	0
	0
	0
	0
	2907

	1971
	0
	185
	716
	503
	119
	326
	124
	257
	227
	40
	40
	79
	0
	0
	0
	0
	0
	2615

	1972
	56
	1578
	1856
	2480
	393
	114
	136
	60
	88
	73
	18
	14
	0
	0
	14
	0
	0
	6879

	1973
	0
	665
	37880
	5474
	6109
	567
	467
	413
	0
	163
	231
	0
	0
	0
	95
	0
	0
	52064

	1974
	0
	461
	5877
	4030
	759
	2001
	360
	91
	267
	45
	48
	54
	0
	0
	0
	0
	0
	13991

	1975
	0
	0
	467
	3061
	4348
	446
	960
	79
	0
	122
	0
	0
	0
	0
	0
	0
	0
	9483

	1976
	84
	1733
	1111
	620
	444
	759
	0
	167
	35
	0
	0
	0
	0
	48
	0
	0
	0
	5001

	1977
	0
	0
	2358
	736
	354
	307
	334
	22
	35
	0
	0
	0
	0
	0
	0
	0
	0
	4145

	1978
	373
	187
	0
	2825
	615
	916
	153
	787
	62
	43
	40
	0
	0
	0
	0
	0
	0
	6001

	1979
	71
	339
	1332
	122
	1430
	543
	176
	91
	130
	0
	0
	0
	0
	0
	0
	0
	0
	4234

	1980
	0
	11
	2251
	2168
	169
	1984
	410
	78
	48
	31
	0
	47
	0
	0
	0
	0
	0
	7197

	1981
	283
	1956
	1311
	2006
	1093
	43
	453
	197
	59
	0
	0
	0
	0
	0
	0
	0
	0
	7399

	1982
	44
	455
	6642
	13614
	12667
	9406
	0
	3088
	992
	120
	0
	0
	0
	0
	0
	0
	0
	47027

	1983
	0
	389
	2017
	3781
	779
	608
	315
	106
	98
	0
	70
	0
	0
	0
	0
	0
	35
	8197

	1984
	0
	103
	117
	344
	483
	92
	182
	74
	18
	105
	0
	0
	0
	0
	0
	0
	0
	1518

	1985
	58
	36
	2032
	633
	1061
	1518
	328
	217
	213
	83
	116
	34
	23
	0
	0
	0
	0
	6352

	1986
	97
	619
	339
	1132
	298
	427
	536
	20
	109
	142
	0
	0
	0
	0
	0
	0
	0
	3719

	1987
	0
	0
	1194
	247
	568
	0
	152
	148
	30
	54
	0
	0
	0
	0
	0
	0
	0
	2394

	1988
	138
	320
	243
	2795
	274
	461
	51
	5
	67
	0
	0
	10
	0
	0
	0
	0
	0
	4364

	1989
	0
	174
	1238
	338
	1685
	234
	396
	99
	12
	36
	48
	24
	0
	0
	0
	0
	0
	4284

	1990
	24
	45
	360
	1687
	586
	634
	152
	164
	19
	0
	0
	24
	0
	0
	0
	0
	0
	3696

	1991
	217
	725
	620
	514
	903
	460
	382
	44
	17
	0
	24
	53
	0
	0
	0
	0
	0
	3957

	1992
	0
	81
	666
	349
	103
	261
	152
	159
	27
	52
	0
	0
	0
	0
	0
	0
	0
	1850

	1993
	0
	0
	462
	1284
	262
	46
	182
	46
	43
	46
	12
	0
	0
	0
	0
	0
	0
	2382

	1994
	38
	54
	194
	152
	185
	44
	11
	33
	0
	8
	0
	0
	0
	0
	0
	0
	0
	720

	1995
	384
	70
	294
	927
	495
	932
	191
	253
	0
	68
	0
	0
	0
	0
	0
	0
	0
	3614

	1996
	0
	139
	300
	990
	1343
	121
	94
	28
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3016

	1997
	271
	54
	218
	48
	402
	519
	53
	126
	57
	0
	0
	0
	0
	0
	0
	0
	0
	1747

	1998
	54
	0
	1040
	1985
	995
	983
	609
	30
	31
	0
	0
	0
	0
	0
	0
	0
	0
	5729

	1999
	22
	22
	145
	673
	624
	370
	172
	107
	34
	8
	0
	0
	0
	0
	0
	0
	0
	2176

	2000
	36
	0
	304
	643
	1348
	492
	138
	52
	20
	0
	0
	0
	0
	0
	0
	0
	0
	3032

	2001
	0
	0
	64
	889
	96
	350
	109
	0
	12
	10
	0
	0
	0
	0
	0
	0
	0
	1530

	2002
	36
	0
	121
	470
	1081
	175
	214
	61
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2158

	2003
	0
	0
	125
	287
	812
	1154
	135
	78
	9
	0
	0
	0
	0
	0
	0
	0
	0
	2599

	2004
	0
	549
	10
	838
	2091
	2105
	1351
	239
	382
	29
	0
	0
	0
	0
	0
	0
	0
	7595

	2005
	36
	15
	345
	70
	747
	287
	190
	131
	34
	0
	0
	0
	0
	0
	0
	0
	0
	1855

	2006
	0
	37
	73
	952
	411
	1007
	340
	151
	79
	0
	0
	0
	0
	0
	0
	0
	0
	3050

	2007
	0
	0
	369
	308
	2258
	239
	291
	47
	28
	0
	0
	0
	0
	0
	0
	0
	0
	3540

	2008
	43
	37
	112
	675
	372
	1385
	51
	66
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2741


Table 6. Indices of swept area abundance (thousands) for eastern Georges Bank cod from the NMFS fall survey. Conversion factors to account for vessel and trawl door changes have been applied.
	Year/Age
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16+
	Total

	1970
	348
	1416
	836
	208
	412
	11
	0
	0
	5
	25
	0
	0
	0
	0
	0
	0
	0
	3261

	1971
	203
	1148
	900
	181
	232
	130
	142
	14
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2951

	1972
	1110
	3299
	614
	667
	24
	40
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5753

	1973
	46
	2435
	2947
	997
	979
	93
	0
	25
	63
	0
	0
	0
	0
	0
	0
	0
	0
	7584

	1974
	77
	196
	399
	622
	54
	31
	15
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1394

	1975
	414
	660
	177
	414
	764
	27
	46
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2501

	1976
	0
	8260
	362
	144
	0
	91
	0
	48
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8904

	1977
	51
	0
	3475
	714
	184
	156
	178
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4760

	1978
	113
	1519
	58
	3027
	417
	58
	63
	77
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5330

	1979
	182
	1704
	1695
	116
	1522
	243
	48
	20
	11
	18
	0
	0
	0
	0
	0
	0
	0
	5557

	1980
	315
	782
	409
	649
	22
	184
	14
	17
	20
	0
	0
	0
	0
	0
	0
	0
	0
	2412

	1981
	360
	2352
	1208
	933
	269
	15
	29
	0
	0
	0
	53
	0
	0
	0
	0
	0
	0
	5220

	1982
	0
	549
	718
	54
	59
	0
	0
	27
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1406

	1983
	948
	73
	267
	567
	24
	8
	8
	0
	23
	0
	0
	0
	0
	0
	0
	0
	0
	1917

	1984
	29
	1805
	120
	690
	1025
	23
	32
	0
	0
	9
	0
	0
	0
	0
	0
	0
	0
	3734

	1985
	1245
	209
	993
	161
	18
	5
	9
	0
	0
	0
	4
	0
	0
	0
	0
	0
	0
	2645

	1986
	119
	3018
	56
	198
	0
	0
	6
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3396

	1987
	156
	129
	845
	121
	100
	0
	0
	0
	0
	0
	0
	0
	7
	0
	0
	0
	0
	1357

	1988
	95
	561
	177
	1182
	163
	206
	0
	30
	41
	10
	0
	0
	0
	0
	0
	0
	0
	2464

	1989
	318
	570
	1335
	222
	607
	78
	24
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3154

	1990
	198
	403
	442
	831
	120
	204
	20
	0
	15
	0
	0
	0
	0
	0
	0
	0
	0
	2232

	1991
	0
	158
	60
	71
	10
	24
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	322

	1992
	0
	205
	726
	154
	0
	37
	12
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1134

	1993
	0
	81
	104
	158
	19
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	362

	1994
	10
	78
	282
	220
	143
	13
	26
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	771

	1995
	223
	28
	122
	304
	66
	29
	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	779

	1996
	10
	291
	76
	293
	211
	53
	28
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	961

	1997
	0
	161
	394
	181
	58
	84
	29
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	907

	1998
	0
	171
	684
	480
	65
	109
	0
	0
	29
	0
	0
	0
	0
	0
	0
	0
	0
	1538

	1999
	0
	15
	14
	249
	124
	32
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	434

	2000
	30
	55
	204
	68
	89
	46
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	493

	2001
	25
	74
	106
	257
	38
	75
	12
	12
	0
	0
	0
	0
	0
	0
	0
	0
	0
	598

	2002
	122
	110
	635
	712
	2499
	170
	211
	17
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4476

	2003
	76
	0
	24
	100
	70
	17
	0
	6
	0
	0
	0
	0
	0
	0
	0
	0
	0
	293

	2004
	108
	422
	68
	840
	385
	545
	436
	103
	30
	0
	30
	0
	0
	0
	0
	0
	0
	2969

	2005
	21
	29
	508
	114
	251
	43
	0
	10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	976

	2006
	0
	146
	123
	530
	37
	263
	16
	16
	16
	16
	0
	0
	0
	0
	0
	0
	0
	1162

	2007
	60
	22
	136
	7
	69
	0
	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	302


Table 7. Beginning of year population weight at age derived from DFO and NMFS spring surveys. The weight for age group 10+ was derived from catch number weighted fishery weight at age.
	Year/Age
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+

	1970
	0.093
	0.838
	1.735
	2.597
	4.797
	5.644
	8.153
	7.990
	11.427
	14.635

	1971
	0.116
	0.811
	1.798
	2.347
	4.372
	5.377
	6.450
	7.990
	7.384
	14.635

	1972
	0.085
	0.866
	1.979
	2.959
	3.482
	5.212
	5.608
	6.539
	13.806
	14.635

	1973
	0.085
	0.802
	1.890
	2.958
	3.247
	3.434
	7.722
	7.129
	9.998
	14.635

	1974
	0.149
	0.606
	1.705
	2.641
	4.173
	5.806
	7.452
	7.754
	8.153
	14.635

	1975
	0.109
	1.132
	2.354
	2.745
	3.734
	5.184
	7.714
	7.567
	9.150
	14.635

	1976
	0.138
	0.946
	2.156
	2.999
	3.753
	5.342
	8.011
	7.384
	9.150
	14.635

	1977
	0.124
	0.905
	2.130
	3.365
	6.182
	5.503
	6.667
	5.664
	9.150
	14.635

	1978
	0.112
	0.886
	1.624
	3.564
	5.414
	6.247
	8.626
	8.973
	10.226
	14.635

	1979
	0.112
	0.868
	1.740
	2.995
	4.565
	5.188
	9.629
	10.885
	10.976
	14.635

	1980
	0.276
	0.706
	1.892
	2.786
	5.244
	6.281
	5.919
	8.973
	11.762
	14.635

	1981
	0.095
	0.852
	1.826
	3.342
	4.971
	6.862
	8.184
	12.712
	11.262
	14.635

	1982
	0.092
	0.869
	2.219
	3.050
	4.114
	6.427
	8.061
	8.828
	10.776
	14.635

	1983
	0.224
	1.131
	1.871
	2.263
	3.132
	6.011
	8.153
	8.653
	10.525
	14.635

	1984
	0.050
	0.582
	1.954
	2.443
	2.699
	4.121
	5.890
	8.973
	10.279
	14.635

	1985
	0.087
	0.646
	1.926
	3.205
	3.781
	5.834
	8.771
	9.866
	14.114
	14.635

	1986
	0.131
	0.770
	1.742
	3.217
	4.920
	5.698
	7.439
	8.988
	10.684
	14.635

	1987
	0.150
	0.845
	1.701
	2.686
	5.672
	7.487
	7.480
	6.659
	10.100
	14.635

	1988
	0.152
	0.931
	1.785
	3.020
	4.169
	6.268
	8.438
	8.724
	12.330
	14.635

	1989
	0.142
	0.832
	1.705
	2.759
	4.306
	6.432
	7.615
	7.813
	11.320
	14.635

	1990
	0.215
	0.787
	1.843
	2.899
	4.362
	6.003
	8.589
	9.518
	13.493
	14.635

	1991
	0.088
	0.897
	1.952
	3.167
	4.243
	4.895
	7.544
	10.059
	9.973
	14.635

	1992
	0.127
	0.846
	2.045
	2.793
	4.163
	6.127
	6.979
	8.555
	9.906
	14.635

	1993
	0.070
	0.955
	1.845
	2.907
	4.513
	5.889
	6.999
	7.383
	9.279
	14.635

	1994
	0.143
	0.657
	1.433
	2.629
	3.954
	7.458
	7.330
	8.661
	8.871
	14.635

	1995
	0.183
	0.794
	1.587
	2.245
	3.474
	4.697
	6.692
	7.920
	11.886
	14.635

	1996
	0.088
	0.838
	1.553
	2.597
	3.908
	6.112
	5.458
	12.028
	11.920
	14.635

	1997
	0.190
	0.717
	1.694
	2.176
	3.218
	6.200
	6.204
	9.796
	10.174
	14.635

	1998
	0.078
	0.650
	1.382
	2.258
	3.034
	4.516
	5.831
	7.787
	8.211
	14.635

	1999
	0.111
	1.001
	1.350
	2.237
	2.973
	4.635
	6.513
	8.250
	8.448
	14.635

	2000
	0.060
	0.896
	1.587
	2.326
	3.234
	4.461
	6.501
	8.211
	11.523
	14.635

	2001
	0.010
	0.771
	1.418
	2.584
	3.602
	5.089
	6.909
	7.552
	10.254
	10.687

	2002
	0.016
	0.495
	1.214
	2.269
	3.538
	4.385
	5.856
	8.436
	10.001
	10.687

	2003
	0.016
	0.441
	1.141
	1.882
	3.046
	3.361
	5.120
	6.702
	7.661
	10.687

	2004
	0.022
	0.288
	1.454
	2.447
	3.449
	4.086
	4.312
	6.320
	10.535
	10.687

	2005
	0.058
	0.589
	1.167
	1.770
	2.972
	3.297
	3.936
	7.655
	6.448
	10.687

	2006
	0.031
	0.307
	1.151
	1.574
	2.621
	3.182
	4.615
	4.684
	5.729
	10.687

	2007
	0.054
	0.625
	1.073
	1.764
	2.622
	4.098
	5.789
	6.810
	7.981
	10.687

	2008
	0.046
	0.577
	1.450
	2.041
	2.504
	3.465
	4.165
	7.931
	10.050
	10.687

	Average
	0.106
	0.768
	1.694
	2.628
	3.901
	5.290
	6.854
	8.265
	10.126
	13.825

	Minimum
	0.010
	0.288
	1.073
	1.574
	2.504
	3.182
	3.936
	4.684
	5.729
	10.687

	Maximum
	0.276
	1.132
	2.354
	3.564
	6.182
	7.487
	9.629
	12.712
	14.114
	14.635


Table 8. Beginning of year population abuncance(numbers in 000s) for eastern Georges Bank cod using the “no split M 0.7” model formulation.

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

	1978
	12307
	3352
	10864
	4026
	1324
	709
	622
	105
	111
	100
	52495

	1979
	10111
	10069
	2646
	5628
	2248
	731
	434
	395
	66
	144
	46821

	1980
	9952
	8265
	7441
	1507
	3243
	1352
	434
	289
	268
	156
	54394

	1981
	17462
	8142
	5890
	4609
	963
	1786
	789
	268
	213
	287
	59683

	1982
	5687
	14265
	5954
	3332
	2639
	534
	986
	467
	128
	333
	55983

	1983
	5090
	4643
	8520
	3108
	1592
	1188
	262
	450
	243
	288
	47913

	1984
	14229
	4148
	3096
	4723
	1384
	799
	616
	109
	206
	281
	35452

	1985
	5207
	11634
	3188
	1812
	2652
	645
	318
	255
	55
	256
	35567

	1986
	23891
	4255
	6955
	1351
	891
	1287
	286
	162
	110
	203
	35908

	1987
	7986
	19523
	3077
	3662
	580
	423
	645
	173
	90
	220
	31624

	1988
	13822
	6519
	12282
	1760
	1968
	328
	227
	372
	105
	221
	47206

	1989
	4909
	11296
	5077
	6300
	832
	847
	153
	82
	142
	187
	41214

	1990
	7037
	3988
	8632
	3425
	3382
	477
	360
	74
	32
	192
	50499

	1991
	9389
	5743
	2603
	4275
	1873
	1539
	260
	158
	50
	146
	40282

	1992
	3250
	7629
	3781
	1227
	1781
	727
	595
	119
	68
	117
	30584

	1993
	4301
	2600
	3938
	1862
	593
	665
	314
	206
	57
	110
	25132

	1994
	3277
	3512
	1680
	1530
	713
	219
	224
	139
	82
	97
	15875

	1995
	2010
	2678
	2709
	942
	550
	342
	79
	70
	49
	73
	12664

	1996
	3655
	1645
	2141
	2005
	687
	356
	157
	34
	32
	58
	15887

	1997
	6075
	2985
	1310
	1542
	1284
	491
	136
	69
	15
	42
	15031

	1998
	2641
	4968
	2313
	887
	940
	729
	187
	42
	25
	25
	13334

	1999
	6892
	2159
	3977
	1610
	581
	628
	271
	77
	12
	21
	16415

	2000
	3130
	5636
	1697
	2818
	1015
	377
	270
	96
	29
	14
	17300

	2001
	2282
	2554
	4543
	1287
	1966
	696
	162
	119
	39
	19
	23008

	2002
	3571
	1780
	1889
	3239
	855
	1246
	274
	59
	47
	24
	20951

	2003
	1117
	2923
	1447
	1433
	2252
	602
	513
	116
	23
	29
	17121

	2004
	9132
	914
	2360
	1035
	954
	1480
	244
	194
	44
	22
	18280

	2005
	1138
	7457
	737
	1802
	712
	649
	640
	97
	76
	27
	12342

	2006
	2976
	930
	6022
	551
	1295
	531
	301
	290
	41
	46
	16358

	2007
	1144
	2431
	744
	4705
	381
	891
	231
	137
	132
	40
	17503

	2008
	2500
	935
	1921
	533
	3487
	284
	384
	107
	63
	81
	17536


Table 9. Annual fishing mortality rate for eastern Georges Bank cod using the “no split M 0.7” model formulation.

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

	1978
	0.00
	0.04
	0.46
	0.38
	0.39
	0.29
	0.26
	0.26
	0.26
	0.11

	1979
	0.00
	0.10
	0.36
	0.35
	0.31
	0.32
	0.21
	0.18
	0.20
	0.05

	1980
	0.00
	0.14
	0.28
	0.25
	0.40
	0.34
	0.28
	0.10
	0.21
	0.16

	1981
	0.00
	0.11
	0.37
	0.36
	0.39
	0.39
	0.33
	0.54
	0.38
	0.10

	1982
	0.00
	0.32
	0.45
	0.54
	0.60
	0.51
	0.58
	0.45
	0.54
	0.18

	1983
	0.00
	0.21
	0.39
	0.61
	0.49
	0.46
	0.68
	0.58
	0.62
	0.31

	1984
	0.00
	0.06
	0.34
	0.38
	0.56
	0.72
	0.68
	0.49
	0.65
	0.31

	1985
	0.00
	0.31
	0.66
	0.51
	0.52
	0.61
	0.48
	0.64
	0.55
	0.17

	1986
	0.00
	0.12
	0.44
	0.65
	0.55
	0.49
	0.30
	0.39
	0.33
	0.07

	1987
	0.00
	0.26
	0.36
	0.42
	0.37
	0.42
	0.35
	0.30
	0.34
	0.06

	1988
	0.00
	0.05
	0.47
	0.55
	0.64
	0.57
	0.82
	0.76
	0.78
	0.21

	1989
	0.01
	0.07
	0.19
	0.42
	0.36
	0.66
	0.52
	0.75
	0.60
	0.17

	1990
	0.00
	0.23
	0.50
	0.40
	0.59
	0.41
	0.62
	0.20
	0.55
	0.19

	1991
	0.01
	0.22
	0.55
	0.68
	0.75
	0.75
	0.58
	0.65
	0.61
	0.23

	1992
	0.02
	0.46
	0.51
	0.53
	0.79
	0.64
	0.86
	0.54
	0.81
	0.11

	1993
	0.00
	0.24
	0.75
	0.76
	0.80
	0.89
	0.62
	0.72
	0.66
	0.21

	1994
	0.00
	0.06
	0.38
	0.82
	0.53
	0.33
	0.46
	0.35
	0.42
	0.04

	1995
	0.00
	0.02
	0.10
	0.12
	0.24
	0.08
	0.13
	0.08
	0.11
	0.01

	1996
	0.00
	0.03
	0.13
	0.25
	0.14
	0.26
	0.13
	0.16
	0.13
	0.01

	1997
	0.00
	0.05
	0.19
	0.29
	0.37
	0.27
	0.47
	0.30
	0.41
	0.06

	1998
	0.00
	0.02
	0.16
	0.22
	0.20
	0.29
	0.18
	0.55
	0.25
	0.12

	1999
	0.00
	0.04
	0.14
	0.26
	0.23
	0.14
	0.34
	0.29
	0.33
	0.05

	2000
	0.00
	0.02
	0.08
	0.16
	0.18
	0.15
	0.12
	0.19
	0.14
	0.06

	2001
	0.05
	0.10
	0.14
	0.21
	0.26
	0.23
	0.31
	0.22
	0.28
	0.08

	2002
	0.00
	0.01
	0.08
	0.16
	0.15
	0.19
	0.16
	0.23
	0.17
	0.21

	2003
	0.00
	0.01
	0.13
	0.21
	0.22
	0.21
	0.27
	0.25
	0.27
	0.09

	2004
	0.00
	0.02
	0.07
	0.17
	0.19
	0.14
	0.22
	0.24
	0.23
	0.15

	2005
	0.00
	0.01
	0.09
	0.13
	0.09
	0.07
	0.09
	0.17
	0.10
	0.08

	2006
	0.00
	0.02
	0.05
	0.17
	0.17
	0.13
	0.09
	0.08
	0.09
	0.06

	2007
	0.00
	0.04
	0.13
	0.10
	0.09
	0.14
	0.07
	0.08
	0.07
	0.02


Table 10  Beginning of year population abuncance (numbers in 000s) for eastern Georges Bank cod using the “split no M change” model formulation.
	Year/Age
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+
	3+ biomass

	1978
	12302
	3351
	10862
	4025
	1324
	709
	622
	105
	111
	100
	52484

	1979
	10106
	10065
	2645
	5627
	2247
	731
	434
	394
	66
	144
	46806

	1980
	9944
	8260
	7438
	1506
	3242
	1352
	434
	289
	268
	156
	54372

	1981
	17434
	8136
	5886
	4606
	962
	1785
	789
	268
	213
	287
	59649

	1982
	5680
	14243
	5949
	3329
	2637
	533
	985
	466
	128
	332
	55936

	1983
	5065
	4637
	8501
	3103
	1589
	1187
	262
	449
	243
	288
	47835

	1984
	14178
	4127
	3091
	4707
	1381
	797
	615
	109
	205
	280
	35364

	1985
	5109
	11593
	3171
	1808
	2639
	642
	317
	254
	54
	255
	35416

	1986
	23619
	4174
	6921
	1337
	888
	1277
	284
	160
	110
	202
	35679

	1987
	7603
	19300
	3011
	3635
	569
	420
	637
	171
	89
	218
	31247

	1988
	13338
	6205
	12100
	1706
	1946
	319
	225
	365
	104
	219
	46439

	1989
	4505
	10899
	4820
	6151
	788
	829
	145
	81
	137
	184
	39883

	1990
	6285
	3656
	8308
	3215
	3260
	441
	345
	68
	30
	186
	48241

	1991
	8795
	5127
	2332
	4010
	1701
	1441
	231
	146
	45
	139
	37213

	1992
	2338
	7143
	3278
	1007
	1567
	588
	515
	95
	58
	107
	26192

	1993
	3030
	1854
	3541
	1451
	414
	491
	202
	141
	38
	95
	19700

	1994
	1967
	2472
	1069
	1209
	382
	75
	85
	47
	30
	69
	9087

	1995
	1282
	1606
	1858
	444
	292
	74
	22
	16
	12
	60
	6608

	1996
	2323
	1048
	1263
	1308
	279
	145
	44
	12
	9
	56
	8644

	1997
	3676
	1894
	822
	823
	714
	158
	64
	24
	6
	50
	7898

	1998
	1474
	3004
	1421
	488
	354
	265
	55
	20
	8
	42
	6484

	1999
	3720
	1203
	2369
	880
	255
	149
	97
	25
	4
	35
	8003

	2000
	1760
	3039
	915
	1502
	419
	111
	68
	29
	8
	29
	7995

	2001
	1212
	1432
	2417
	647
	890
	208
	57
	35
	13
	27
	10447

	2002
	1797
	905
	970
	1499
	331
	368
	77
	18
	13
	26
	8379

	2003
	569
	1470
	730
	681
	829
	174
	162
	36
	7
	24
	6614

	2004
	4978
	466
	1171
	449
	339
	318
	70
	53
	12
	21
	6262

	2005
	722
	4056
	370
	828
	233
	147
	136
	26
	17
	19
	4124

	2006
	2132
	590
	3238
	250
	498
	139
	92
	76
	12
	23
	6964

	2007
	1040
	1740
	465
	2425
	135
	240
	71
	59
	47
	25
	7563

	2008
	2500
	850
	1356
	305
	1621
	83
	120
	48
	42
	52
	8791


Table 11. Annual fishing mortality rate for eastern Georges Bank cod using the “split  no M change” model formulation.
	Year/Age
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+

	1978
	0.00
	0.04
	0.46
	0.38
	0.39
	0.29
	0.26
	0.26
	0.26
	0.11

	1979
	0.00
	0.10
	0.36
	0.35
	0.31
	0.32
	0.21
	0.18
	0.20
	0.05

	1980
	0.00
	0.14
	0.28
	0.25
	0.40
	0.34
	0.28
	0.10
	0.21
	0.16

	1981
	0.00
	0.11
	0.37
	0.36
	0.39
	0.39
	0.33
	0.54
	0.38
	0.10

	1982
	0.00
	0.32
	0.45
	0.54
	0.60
	0.51
	0.59
	0.45
	0.54
	0.18

	1983
	0.00
	0.21
	0.39
	0.61
	0.49
	0.46
	0.68
	0.58
	0.62
	0.31

	1984
	0.00
	0.06
	0.34
	0.38
	0.57
	0.72
	0.68
	0.49
	0.65
	0.31

	1985
	0.00
	0.32
	0.66
	0.51
	0.53
	0.62
	0.48
	0.64
	0.55
	0.17

	1986
	0.00
	0.13
	0.44
	0.65
	0.55
	0.50
	0.31
	0.39
	0.34
	0.07

	1987
	0.00
	0.27
	0.37
	0.42
	0.38
	0.42
	0.36
	0.30
	0.34
	0.06

	1988
	0.00
	0.05
	0.48
	0.57
	0.65
	0.59
	0.83
	0.78
	0.80
	0.21

	1989
	0.01
	0.07
	0.20
	0.43
	0.38
	0.68
	0.55
	0.78
	0.63
	0.18

	1990
	0.00
	0.25
	0.53
	0.44
	0.62
	0.45
	0.66
	0.22
	0.59
	0.20

	1991
	0.01
	0.25
	0.64
	0.74
	0.86
	0.83
	0.69
	0.73
	0.70
	0.24

	1992
	0.03
	0.50
	0.61
	0.69
	0.96
	0.87
	1.09
	0.73
	1.04
	0.12

	1993
	0.00
	0.35
	0.87
	1.13
	1.51
	1.55
	1.25
	1.35
	1.29
	0.25

	1994
	0.00
	0.09
	0.68
	1.22
	1.44
	1.03
	1.48
	1.14
	1.36
	0.04

	1995
	0.00
	0.04
	0.15
	0.26
	0.50
	0.32
	0.43
	0.32
	0.39
	0.01

	1996
	0.00
	0.04
	0.23
	0.41
	0.37
	0.61
	0.40
	0.41
	0.41
	0.01

	1997
	0.00
	0.09
	0.32
	0.64
	0.79
	0.86
	0.99
	0.90
	0.97
	0.04

	1998
	0.00
	0.04
	0.28
	0.45
	0.67
	0.80
	0.60
	1.33
	0.79
	0.05

	1999
	0.00
	0.07
	0.26
	0.54
	0.63
	0.59
	1.00
	0.97
	0.99
	0.03

	2000
	0.01
	0.03
	0.15
	0.32
	0.50
	0.46
	0.45
	0.61
	0.50
	0.02

	2001
	0.09
	0.19
	0.28
	0.47
	0.68
	0.80
	0.93
	0.76
	0.87
	0.04

	2002
	0.00
	0.01
	0.15
	0.39
	0.44
	0.62
	0.56
	0.73
	0.59
	0.15

	2003
	0.00
	0.03
	0.29
	0.50
	0.76
	0.71
	0.92
	0.86
	0.91
	0.08

	2004
	0.00
	0.03
	0.15
	0.46
	0.64
	0.65
	0.79
	0.96
	0.86
	0.12

	2005
	0.00
	0.03
	0.19
	0.31
	0.31
	0.27
	0.39
	0.61
	0.42
	0.09

	2006
	0.00
	0.04
	0.09
	0.42
	0.53
	0.48
	0.24
	0.28
	0.26
	0.09

	2007
	0.00
	0.05
	0.22
	0.20
	0.28
	0.50
	0.19
	0.15
	0.17
	0.03


Table 12. Beginning of year population abuncance(numbers in 000s) for eastern Georges Bank cod using the “split M 0.5” model formulation.
	Year/Age
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+
	3+ biomass

	1978
	12304
	3351
	10863
	4025
	1324
	709
	622
	105
	111
	100
	52488

	1979
	10108
	10066
	2646
	5627
	2248
	731
	434
	394
	66
	144
	46811

	1980
	9947
	8262
	7439
	1507
	3242
	1352
	434
	289
	268
	156
	54379

	1981
	17443
	8138
	5888
	4607
	963
	1785
	789
	268
	213
	287
	59660

	1982
	5682
	14250
	5950
	3330
	2638
	533
	985
	466
	128
	332
	55951

	1983
	5074
	4639
	8507
	3105
	1590
	1187
	262
	449
	243
	288
	47860

	1984
	14195
	4134
	3093
	4712
	1382
	798
	615
	109
	205
	281
	35392

	1985
	5140
	11606
	3177
	1809
	2643
	643
	317
	255
	54
	256
	35465

	1986
	23706
	4200
	6932
	1342
	889
	1280
	284
	161
	110
	202
	35753

	1987
	7728
	19372
	3033
	3643
	573
	421
	640
	172
	89
	219
	31369

	1988
	13492
	6307
	12158
	1724
	1953
	322
	226
	367
	104
	220
	46686

	1989
	4642
	11026
	4903
	6199
	802
	835
	148
	81
	138
	185
	40313

	1990
	6517
	3769
	8411
	3283
	3299
	453
	350
	70
	31
	188
	48969

	1991
	9025
	5317
	2424
	4094
	1757
	1472
	240
	150
	47
	141
	38211

	1992
	2621
	7331
	3433
	1082
	1635
	633
	540
	103
	61
	111
	27603

	1993
	3453
	2085
	3695
	1578
	475
	546
	238
	162
	44
	100
	21491

	1994
	2344
	2818
	1259
	1333
	484
	124
	129
	77
	46
	78
	11303

	1995
	1512
	1914
	2141
	598
	391
	156
	41
	33
	24
	58
	8504

	1996
	2719
	1237
	1516
	1540
	405
	226
	80
	20
	17
	47
	10878

	1997
	4383
	2219
	976
	1030
	904
	261
	91
	38
	9
	36
	9983

	1998
	1810
	3583
	1686
	614
	522
	419
	95
	27
	13
	23
	8415

	1999
	4557
	1479
	2843
	1097
	358
	286
	153
	41
	7
	18
	10327

	2000
	2124
	3724
	1141
	1890
	596
	195
	127
	50
	14
	12
	10584

	2001
	1521
	1730
	2978
	831
	1207
	353
	90
	60
	21
	13
	13943

	2002
	2308
	1157
	1214
	1958
	482
	626
	135
	30
	23
	15
	11802

	2003
	720
	1889
	937
	881
	1204
	298
	262
	59
	12
	17
	9396

	2004
	6361
	589
	1513
	618
	502
	623
	119
	91
	21
	13
	9443

	2005
	886
	5188
	471
	1109
	371
	280
	272
	45
	33
	14
	6317

	2006
	2601
	724
	4165
	333
	728
	252
	146
	135
	19
	23
	9686

	2007
	1267
	2124
	575
	3184
	203
	427
	116
	74
	69
	22
	10482

	2008
	2500
	1035
	1670
	395
	2242
	139
	194
	62
	40
	50
	11552


Table 13. Annual fishing mortality rate for eastern Georges Bank cod using the “split M 0.5” model formulation.

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

	1978
	0.00
	0.04
	0.46
	0.38
	0.39
	0.29
	0.26
	0.26
	0.26
	0.11

	1979
	0.00
	0.10
	0.36
	0.35
	0.31
	0.32
	0.21
	0.18
	0.20
	0.05

	1980
	0.00
	0.14
	0.28
	0.25
	0.40
	0.34
	0.28
	0.10
	0.21
	0.16

	1981
	0.00
	0.11
	0.37
	0.36
	0.39
	0.39
	0.33
	0.54
	0.38
	0.10

	1982
	0.00
	0.32
	0.45
	0.54
	0.60
	0.51
	0.58
	0.45
	0.54
	0.18

	1983
	0.00
	0.21
	0.39
	0.61
	0.49
	0.46
	0.68
	0.58
	0.62
	0.31

	1984
	0.00
	0.06
	0.34
	0.38
	0.57
	0.72
	0.68
	0.49
	0.65
	0.31

	1985
	0.00
	0.32
	0.66
	0.51
	0.53
	0.62
	0.48
	0.64
	0.55
	0.17

	1986
	0.00
	0.13
	0.44
	0.65
	0.55
	0.49
	0.30
	0.39
	0.34
	0.07

	1987
	0.00
	0.27
	0.36
	0.42
	0.38
	0.42
	0.35
	0.30
	0.34
	0.06

	1988
	0.00
	0.05
	0.47
	0.56
	0.65
	0.58
	0.82
	0.78
	0.79
	0.21

	1989
	0.01
	0.07
	0.20
	0.43
	0.37
	0.67
	0.54
	0.77
	0.62
	0.18

	1990
	0.00
	0.24
	0.52
	0.43
	0.61
	0.43
	0.65
	0.21
	0.57
	0.19

	1991
	0.01
	0.24
	0.61
	0.72
	0.82
	0.80
	0.65
	0.70
	0.67
	0.24

	1992
	0.03
	0.49
	0.58
	0.62
	0.90
	0.78
	1.01
	0.65
	0.95
	0.12

	1993
	0.00
	0.30
	0.82
	0.98
	1.15
	1.24
	0.93
	1.05
	0.98
	0.24

	1994
	0.00
	0.07
	0.54
	1.03
	0.93
	0.59
	0.87
	0.65
	0.79
	0.04

	1995
	0.00
	0.03
	0.13
	0.19
	0.35
	0.16
	0.24
	0.17
	0.21
	0.01

	1996
	0.00
	0.04
	0.19
	0.33
	0.24
	0.41
	0.24
	0.26
	0.24
	0.01

	1997
	0.00
	0.07
	0.26
	0.48
	0.57
	0.51
	0.71
	0.56
	0.66
	0.06

	1998
	0.00
	0.03
	0.23
	0.34
	0.40
	0.51
	0.35
	0.91
	0.48
	0.11

	1999
	0.00
	0.06
	0.21
	0.41
	0.41
	0.31
	0.62
	0.57
	0.61
	0.06

	2000
	0.01
	0.02
	0.12
	0.25
	0.32
	0.27
	0.25
	0.37
	0.28
	0.06

	2001
	0.07
	0.15
	0.22
	0.34
	0.46
	0.46
	0.58
	0.45
	0.53
	0.11

	2002
	0.00
	0.01
	0.12
	0.29
	0.28
	0.37
	0.33
	0.44
	0.35
	0.32

	2003
	0.00
	0.02
	0.22
	0.36
	0.46
	0.42
	0.55
	0.51
	0.55
	0.14

	2004
	0.00
	0.02
	0.11
	0.31
	0.39
	0.33
	0.46
	0.53
	0.49
	0.24

	2005
	0.00
	0.02
	0.15
	0.22
	0.19
	0.15
	0.21
	0.36
	0.23
	0.15

	2006
	0.00
	0.03
	0.07
	0.30
	0.33
	0.27
	0.17
	0.17
	0.17
	0.10

	2007
	0.00
	0.04
	0.18
	0.15
	0.18
	0.29
	0.13
	0.13
	0.13
	0.03


Table 14. Projection results for eastern Georges Bank cod using three models.

a. Projected population biomass

	no split M 0.7
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	1+
	2+
	3+
	4+

	2008
	125
	542
	2785
	1088
	8717
	987
	1596
	849
	632
	864
	18186
	18061
	17519
	14734

	2009
	100
	1022
	920
	2550
	978
	8872
	596
	1072
	366
	684
	17159
	17059
	16037
	15117

	2010
	100
	1022
	2005
	975
	2513
	928
	4995
	330
	543
	510
	13921
	13821
	12799
	10794

	split no M change
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	1+
	2+
	3+
	4+

	2008
	125
	493
	1966
	622
	4053
	290
	497
	381
	418
	556
	9401
	9276
	8784
	6818

	2009
	100
	1020
	822
	1688
	481
	3432
	240
	458
	225
	690
	9155
	9055
	8035
	7213

	2010
	100
	1022
	2001
	902
	1694
	456
	3186
	219
	383
	752
	10715
	10615
	9594
	7592

	split M 0.5
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	1+
	2+
	3+
	4+

	2008
	125
	601
	2422
	806
	5606
	481
	806
	492
	397
	532
	12267
	12142
	11541
	9120

	2009
	100
	1021
	1010
	2178
	677
	5204
	324
	603
	236
	490
	11842
	11742
	10721
	9711

	2010
	100
	1022
	2003
	1109
	2186
	642
	3579
	219
	373
	433
	11666
	11566
	10544
	8541


b. Projected catch biomass
	no split M 0.7
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	1+
	2+
	3+
	4+

	2008
	1
	11
	265
	153
	1383
	115
	211
	66
	44
	51
	2300
	2299
	2289
	2024

	2009
	1
	29
	131
	510
	188
	1258
	85
	128
	40
	51
	2420
	2419
	2389
	2259

	split no M change
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	1+
	2+
	3+
	4+

	2008
	2
	22
	298
	169
	1359
	90
	174
	79
	76
	32
	2300
	2298
	2276
	1978

	2009
	1
	29
	85
	306
	92
	609
	43
	68
	31
	22
	1287
	1285
	1256
	1171

	split M 0.5
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	1+
	2+
	3+
	4+

	2008
	1
	19
	269
	163
	1406
	97
	185
	66
	47
	46
	2300
	2299
	2279
	2010

	2009
	1
	29
	104
	395
	130
	805
	50
	79
	28
	33
	1655
	1654
	1624
	1520
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Figure 1. Management unit.
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Figure 2. Fishery catches (landings + discards).
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Figure 3. Fishery catch at age.
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Figure 4. Stratification used for the DFO survey. The eastern Georges Bank management unit is indicated by shading.
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Figure 5. Stratification used for the NMFS surveys. The eastern Georges Bank management unit is indicated by shading.
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Figure 6. DFO survey
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Figure 7. NMFS spring survey.
[image: image9.emf]NMFS fall survey catch at age

1965

1970

1975

1980

1985

1990

1995

2000

2005

2010

0 1 2 3 4 5 6 7 8 9 10 11

age

year

 

Proportion of age composition from NMFS fall survey

1965

1970

1975

1980

1985

1990

1995

2000

2005

2010

0 1 2 3 4 5 6 7 8 9 10 11

Age

Year

 


Figure 8. NMFS fall survey.
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Figure 9. Beginning of year weight at age derived from DFO and NMFS spring surveys.
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Figure 10. Residuals from basic VPA calibration.
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Figure 11. Residuals from 2002 benchmark formulation.
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Figure 12. Comparison of retrospective from basic VPA calibration and 2002 benchmark formulation.
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Figure 13. Comparison of relative retrospective from basic VPA calibration and 2002 benchmark formulation (note difference in scale).
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Figure 14. Fishery partial recruitment from the 2002 benchmark formulation when using data up to 2002 only.
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Figure 15. Survey catchability at age from the 2002 benchmark formulation when using data up to 2002 only.
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Figure 16. Comparison of length composition from first quarter and last half of year by the Canadian otter trawl fishery.
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Figure 17. Comparison of F trends from basic and 2002 benchmark formulations.
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Figure 18. Fishery partial recruitment from the 2002 benchmark formulation when using data up to 2008.
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Figure 19. Survey catchability at age from the 2002 benchmark formulation when using data up to 2008.
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Figure 20. Population abundance from the 2002 benchmark formulation.
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Figure 21. Comparison of catch at age for the Canadian otter trawl fishery from observer samples.
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Figure 22. Comparison of catch at age for the Canadian otter trawl fishery from port samples.
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Figure 23. Comparison of catch at age for the Canadian longline fishery from observer samples.
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Figure 24. Comparison of catch at age for the Canadian longline fishery from port samples.
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Figure 25. Proportion of Canadian catch taken in first quarter.
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Figure 26. Comparison of first quarter and second half  ratio of 4+ to 7+ catch numbers.
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Figure 27. Catch numbers at ages 4-6 and at age 7.
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Figure 28. Biomass trends from surveys compared to basic VPA calibration and 2002 benchmark formulations.
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Figure 29. Time trends in survey catchability at age from the basic formulation.
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Figure 30. Total mortality calculations from catch, DFO survey and NMFS spring survey.
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Figure 31. Relative exploitation using catch with DFO survey and NMFS spring survey.
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Figure 32. Comparison of  average fishing mortality by age from the “no split M change” model. The age at which M starts to change are 4, 5, 6 and 7.
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Figure 33. Comparison of surveycatchabilities (q) by age from the “no split M change” model. The age at which M starts to change are 4, 5, 6 and 7.
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Figure 34. Comparison of sum squares of residuals (SSQ) by age from the “no split M change” model. The age at which M starts to change are 4, 5, 6 and 7.
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Figure 35. Comparison of  average fishing mortality by age from the “no split M change” model. The fixed M value starting at age 6 are from 0.2 to 0.7..
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Figure 36. Comparison of  surveycatchabilities (q) by age  from the “no split M change” model. The fixed M value starting at age 6 are from 0.2 to 0.7.
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Figure 37 . Comparison of sum squares of residuals (SSQ) by age from the “no split M change” model. The fixed M value starting at age 6 are from 0.2 to 0.7.
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Figure 38  Comparison of estimated M and CV from retrospective runs of the “no split M change” model
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Figure 39. Fishing mortality  by age from the “no split M 0.7” model formulation.
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Figure 40. Survey catchabilities(q) from the “no split M 0.7” model formulation.
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Figure 41 Comparison of VPA estimated survey q and calculated q from survey using the “no split M 0.7” model formulation. a): from DFO survey, b): from NMFS spring survey, c): from NMFS fall survey. 
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Figure 42. Fishing mortality  by age from the “split no M change”  model formulation.
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Figure 43. Survey catchabilities(q) from the “split no M change” model formulation.
a)
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Figure 44. Comparison of VPA estimated survey q and calculated q from survey using the “split no M change” model formulation. a): from DFO survey, b): from NMFS spring survey, c): from NMFS fall survey.
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Figure 45. Comparison of  average fishing mortality by age from the “split M change” model. The fixed M value starting at age 6 are from 0.2 to 0.7.
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Figure 46. Comparison of  survey catchabilities(q) by  age from the “split M change” model. The fixed M value starting at age 6 are from 0.2 to 0.7.
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Figure 47. Comparison of  sum squares of residuals  from the “split M change” model. The fixed M value starting at age 6 are from 0.2 to 0.7.
[image: image53.emf]0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1998 2000 2002 2004 2006 2008 2010

terminal year

estimated M 

M

CV


Figure 48. Comparison of estimated M and CV from retrospective runs of the “split M change” model
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Figure 49. . Fishing mortality  by age from the “split M 0.5”  model formulation.
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Figure 50. Survey catchabilities(q) by age from the “split M 0.5”  model formulation.
a)
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Figure 51. Comparison of VPA estimated survey q and calculated q from survey using the “split M 0.5” model formulation. a): from DFO survey, b): from NMFS spring survey, c): from NMFS fall survey.
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Figure 52. Comparison of VPA estimated population numbers from the three models
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Figure 53. Biomass trends from surveys compared to the three model formulations.
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Figure 54.  Comparison of 3+ biomass from the three models.
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Figure 55. Comparison of fishing mortality from the three models with fishery catch.
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Figure 56. Comparison of residuals from the three models. The first 3 are from “no split M 0.7” model, the second 3 figures from “split no M change” model, and the last 3 figures from “split M 0.5” model.
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Figure 57. Comparison of  retrospective pattern comparison for the three models.
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Figure 58. Comparison of relative retrospective pattern for the three models
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Figure 59. Comparison of F reference point from the three models. 
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Figure 60.  Comparison of  SSB-R relationship from the three models
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Figure 61. Comaparison of recruitment rate(R/S) for the two time periods(1978-1993 and 1994-2007) from the three models.
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Figure 62. Compariosn of risk analysis from the three models.
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