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Introduction

For the purpose of developing a sharing proposal and consistent management by Canada and the USA, agreement was reached that the transboundary management unit for Atlantic cod would be limited to the eastern portion of Georges Bank (DFO Statistical Unit Areas 5Zj and 5Zm; USA Statistical Areas 551, 552, 561 and 562; Figure 1; DFO 2002). The basis and background for the delineation of management units of cod on Georges Bank and the vicinity were reviewed and summarized at the benchmark meeting in 2009. The evidence suggests that there is a resident spawning population that occupies eastern Georges Bank. Although there are exchanges with cod on Browns Bank and the Great South Channel/Nantucket Shoals, the degree of exchange is not well quantified but considered to be stronger with Browns Bank. Expanding the transboundary management unit to include either one or both of these adjacent areas would introduce complications with respect to the existing agreement for consistent management by Canada and USA. The option, statistical unit areas 5Zjm as the transboundary management unit and Div. 5Z and Subareas 6 as the domestic USA management unit, is still considered to be the least disruptive in relation to the current agreement for consistent management (Wang et al., 2009). 

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. This approach requires concurrent assessment reviews of 5Zjm and of 5Z+6 to harmonize results. The model formulation established by the 2002 benchmark assessment has been applied to eastern Georges Bank cod assessment. However, in recent years the model results exhibit domed catchability for older ages in both the DFO and NMFS spring surveys, as well as a domed fishery partial recruitment for older ages, generating ‘cryptic’ biomass that is not observed in the fishery or the surveys. This could potentially lead to an overestimation of fish at older ages. The benchmark assessment was conducted in 2009, and the new model formulation was reached at this meeting.

This assessment applied the new benchmark formulations using Canadian and USA fishery information updated to 2008, Fisheries and Oceans Canada (DFO) survey updated to 2009, National Marine Fisheries Services (NMFS) spring and fall survey updated to 2008.  

Fishery

Commercial Fishery Catches

All the catches data were updated at the 2009 benchmark meeting, and a minor revision was made after that. Combined Canada/USA catches averaged 17,508 mt between 1978 and 1992.  They peaked at 26,463 mt in 1982, declined to 1,684 mt in 1995, fluctuated around 3,000 mt until 2004 and subsequently declined again. Catches in 2008 were 1,782 mt, including 161 mt of discards (Table 1, Figure 2). In this report, catches include USA and Canadian discards in all years where discard estimates were available.

Canadian catches peaked at 17,898 mt in 1982 and declined to 1,140 mt in 1995 (Table 1, Figure 3). Since 1995, with lower cod quotas, the fishery has reduced targeting for cod through changes in fishing practices. The cod separator panel was introuduced in 1999, the fishery is closed from March to May(Table 2). From 1995-2007 Canadian catches fluctuated between 884 mt and 3,405 mt.  Landings in 2008 were 1,390 mt, taken primarily between June and December by otter trawl and longline (Table 3, Figure 4 and 5). All 2008 landings were subject to dockside monitoring and at sea observers monitored close to 33% by weight of the mobile gear fleet landings and 47% by weight of the fixed gear landings.  

Discards from the Canadian groundfish fishery were estimated for 1997-1999 (Van Eeckhaute and Gavaris, 2004) and for 2005 and 2006 (Gavaris et al., 2006, 2007b, 2007c)(Table 1).  In 2007, discards from the mobile gear fleet were estimated at 0 mt because of the high observer coverage (99%) and no discards calculation from fixed gear fleet because of the low observer coverage(Clark et al., 2008). The ratio of sums method applied by Gavaris et al. (2006, 2007b) was used in 2008 to estimate Canadian groundfish discards. As a result, discards were estimated at 6 mt from the mobile gear fleet and 97 mt from the fixed gear fleet(Table 1).

Since 1996 the Canadian scallop fishery has not been permitted to land cod. Landings until 1995 include those catches reported by the scallop fishery. Estimated discards of cod by the Canadian scallop fishery ranged up to 200 mt annually since 1978 (Van Eeckhaute et al., 2005). Since 2005, the observed discards rate was applied to the total fleet effort to calculate the discards, the estimated discards were 36 mt in 2008(Table 1).

USA catches increased from 5,502 mt in 1978 to 10,550 mt in 1984, then declined and fluctuated around 6,000 mt between 1985 and 1993 (Table 1, Figure 3). Since December 1994, a year-round closure of Area II (Figure 1) has been in effect, with the exception of a Special Access Program in 2004. Minimum mesh size limits were increased in 1994, 1999 and in 2002. Limits on sea days, as well as trip limits, have also been implemented(Table 2). USA catches during 1994-2000 ranged between 544 mt to 1,208 mt and increased to 1,970 mt in 2003. Quotas were introduced in May 2004. Since then, USA landings decreased again. USA total catches were 253 mt in 2008. USA landings are usually taken in the first and second quarter(Figure 5). Because of the seasonal restrictions on eastern Georges Bank in 2008(Table 2 ), majority of cod was harvested in the fourth quarter(Figure 5). A total of 231 mt was landed 

It is legal of discards from USA groundfish fleets because of trip and size limit. In 2008, The 'Ruhle trawl' was authorized for use on EGB in September, 2008, which is effective in reducing by-catch of cod. The estimated discards of cod in the groundfish fishery for 2008 declined to 22 mt. Otter trawl gear accounted for 96% of the discards with scallop gear accounting for the remainder(Table 1, Figure 2).

Size and Age Composition

The size and age compositions of the 2008 landings by the Canadian groundfish fishery were derived from port and at-sea samples from all principal gears and seasons (Table 4, Figure 6). The samples spread representatively over the months for all the fishing gears. Comparison of port and at-sea length frequencies did not indicate any discrepancies for otter trawlers. However, fixed gear observer samples tended to have more smaller fish than the port samples (Figure 7). At-sea samples were pooled with port samples to derive catch at length and age. Landings peaked at 58 cm (23 in) for bottom trawlers (Figure 8) while longliners displayed a broader peak between 67 cm and 76 cm (28 to 30 in). Gill-netters caught fewer cod but these fish were larger, peaking at 76 cm (30 in). The size composition of cod discards from the 2008 Canadian scallop fishery was derived from at-sea sampling. Cod discards from the scallop fishery peaked at 46 cm (18 in). The size composition of cod discards from groundfish fishery was supposed to have the same composition with the landings. For discards from longliners, only the at-sea observer length samples are used because of the difference between port and observer samples. Compared to the scallop fishery discards, the   cod caught by the groundfish fishery tended to be larger peaking at 67cm (Figure 8). The gear combined landings peaked at 61-67cm( 24-26 in), discards peaking at 64cm(25 in)(Figure 9).

There were sufficient samples from the 2008 USA fishery on eastern Georges Bank to characterize the size composition of the landings (Table 4). Landings peaked at 72 cm (28 in), whilst discards peaked at 53cm (21in) (Figure 10). 

The catch composition, combined landings and discards, for Canada and USA are shown in Figure 11. Canadian and USA peaking at the similar length (Canada: 64 cm (25 in); USA: 62 cm (24 in)), but Canadian catch composed of more number of larger fish than USA. Age composition was obtained by applying quarterly fishery age-length keys to the size composition. Comparisons indicated good agreement between DFO and NMFS age readers (Table 5). The age-length key from the 2008 DFO survey, conducted in February, was used to augment the first quarter key. The combined Canada/USA 2008 fishery age composition was dominated by the 2003 year class at age 5 (47% by number), followed by the 2005 year classes at age 3(23% by number) and 2004 year class at age 4(11% by number), 2001 year class at age 7 still make some contribution to the catch(6% by number) (Figure 12).   The USA groundfish fishery cod discard catch at age for 1989-2008 and the Canadian groundfish fishery and scallop fishery cod discard catch at age for 1978-2008 were included in the assessment. The catch at age for 1978-2007 was updated with the 2008 catch at age. The contribution of fish older than age 7(except for 2001 year class) to the catch continues to be small (Table 6, Figure 13).

Fishery weights at age show a declining trend starting in the early 1990s (Table 7, Figure 14). Except for age 7, weight at age improved slightly in 2008.

Abundance Indices

Surveys

Surveys of 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 15 and 16). Most of the DFO surveys have been conducted by the Alfred Needler. A sister ship, the Wilfred Templeman, conducted the survey in 1993, 2004, 2007 and 2008 and another vessel, the Teleost, conducted 6 of the sets in 2006. No conversion factors were applied. For the NMFS surveys, two vessels have been employed and there was a change in the trawl door in 1985. Vessel and door type conversion factors derived experimentally from comparative fishing have been applied to the survey results to make the series consistent (Table 8)(Forrester et al. 1997). Additionally, two different trawl nets have been used on the NMFS spring survey, a modified Yankee 41 from 1973-81 and a Yankee 36 in other years, but no conversion factors are available for cod. 
The spatial distribution of ages 3 and older cod caught during the 2009 DFO survey was similar to those observed from surveys over the previous decade (Figure 17) with some of the highest densities observed on the northern part of the bank, only 2 fish was caught on USA side. Total catch in numbers in the 2009 DFO survey increased slightly from 2008 and 2007. 2003 year class at age 5 is still strong, 2005 year class at age 4 and 2006 year class at age 3 are promising from this survey, although not consistent with previous years survey(Table 9, Figure 19).  A new vessel and trawler are used in 2009 NMFS spring survey, because no conversion factors are available before the 2009 TRAC meeting, these data are not applied in this assessment(Table 10). The 2008 NMFS autumn survey caught very few cod (30 in total).  The limited catch was in locations similar to the pattern observed during the previous decade (Figure 18), no fish was caught on USA side. Total catch in numbers in the 2008 NEFSC autumn survey was the third lowest in the survey time series (Table 11).

With the exception of the 2003 year class, the survey abundance at age (Tables 9-11, Figure 20) shows poor recruitment since the 1990 year class. The 2003 year class appears still strong, the 2005 and 2006 year class show good, but not consistent at all ages and years. Compared with before early 1990s, the proportion of age composition of ages 4-6 increased. Abundance for age 9 and older is currently very low.

Survey biomass indices fluctuate without clear trend in recent years. The biomass indices slightly increased for age 2-3 and 4-6 in recent years, but the older fish at age 7-8 is still decreasing (Figure 21).

The average weights at age derived from the DFO survey and NMFS spring survey are used as population weight at age for beginning of year. All the weights at age display a declining trend since the early 1990s, there is some improvement in 2008(Table 12, Figure 22).  Cod condition, derived from the DFO survey and measured as average weight at length at 3 representative length groupings, did not show any notable trends (Figure 23).

Harvest Strategy

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.

Estimation and Diagnostics

The state of the resource was based on results from an age structured analytical assessment (VPA) that used fishery catch statistics and sampling for size and age composition of the catch for 1978 to 2008 (including discards). The VPA was calibrated to trends in abundance from three bottom trawl survey series; NMFS spring, NMFS fall and DFO. 

The consensus model formulations were established during the benchmark assessment review in 2009(Wang et al, 2009). These model formulations will be referred to as the “split M 0.2”  and “split M 0.5”method in this document.  The adaptive framework, ADAPT, (Gavaris 1988) was used to implement the benchmark “split M 0.2”  and “split M 0.5”formulations, respectively, for calibrating the virtual population analysis with the research survey data. Computational formulae used in ADAPT are described by Rivard and Gavaris (2003a). The data used in the model were:

Ca,t =catch at age for ages a = 1 to 10+ and time t = 1978 to 2008, 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 = 1986.17, 1987.17… 2008.17, 2009.00

I2,a,t = NMFS spring survey (Yankee 41) for ages a = 1 to 8 and time t = 1978.28, 1979.28, 1980.28, 1981.28

I3,a,t = NMFS spring survey (Yankee 36), for ages a = 1 to 8 and time t = 1982.28, 1983.28… 2007.28, 2008.28

I4,a,t = NMFS autumn survey, ages a = 1 to 5 and time t = 1978.79, 1979.79… 2008.79.
The population was calculated to the beginning of 2009.00, therefore the DFO spring survey indices for 2009 were designated as occurring at the beginning of the year, i.e. 2009.00. The benchmark 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. The survey time series are split in 1994. For “split M 0.2” model formulation, the annual natural mortality rate, M, was assumed constant and equal to 0.2 for all ages in all years. For “split M 0.5” model, M is fixed at 0.5 for ages 6+ during 1994-2008. Fishing mortality on age 9 for 1978 to 2008 was assumed to be weighted average fishing mortality on ages 7 and 8.

Estimation was based on minimization of the objective function:
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The estimated model parameters were:

a,t = lnNa,t = ln population abundance for a = 2 to 9 at time t = 2009 

1,a = ln DFO survey catchability for a = 1 to 8 at time t=1986 to 1993

2,a = ln DFO survey catchability for a = 1 to 8  at time t =1994 to 2009

,a = ln NMFS spring survey (Yankee 41) catchability for ages a = 1 to 8 at time t=1978 to 1981
,a = ln NMFS spring survey (Yankee 36) catchability for ages a = 1 to 8 at time t=1982 to 1993

,a = ln NMFS spring survey (Yankee 36) catchability for ages a = 1 to 8 at time t=1993 to 2008

6,a = ln NMFS autumn survey catchability for ages a = 1 to 5 at time t= 1978-1993

6,a = ln NMFS autumn survey catchability for ages a = 1 to 5 at time t= 1978-1993 at time t=1994-2008.

Statistical properties of estimators were determined using conditional non-parametric bootstrapping of model residuals (Efron and Tibshirani 1993, Rivard and Gavaris 2003a). 
A. “split M 0.2” model

The population abundance estimate at age 2 at the beginning of 2009 exhibited the largest relative bias of 13%, while that for other ages/times ranged between 4% and 8%. The relative error ranged between 37% and 58% (Table 13). Survey catchability (q) at age progressively increased until about age 6 for DFO 1994-2009 survey and age 5 for NMFS spring Y41 1994-2008 survey and flat shaped at older ages. Compared with the survey catchability prior to 1994, both DFO and NMFS spring survey have abruptly increased by about three-fold. Survey catchability at age for the NMFS autumn survey was very low (Figure 23). 
B. “split M 0.5” model

The population abundance estimate at age 2 at the beginning of 2009 exhibited the largest relative bias of  about 10%, while that for other ages/times ranged between 4% and 8%. The relative error ranged between 31% and 50% (Table 14).  This model tend to have a smaller relative error and bias than the “split M 0.2” model. Survey catchability (q) at age progressively increased until about age 5 for DFO 1994-2009 survey and NMFS spring Y41 1994-2008 survey and flat shaped at older ages. Compared with the survey catchability prior to 1994, both DFO and NMFS spring survey have increased by about two-fold. Survey catchability at age for the NMFS autumn survey was very low (Figure 23). 

The overall fit of model estimated biomass to the DFO, NMFS spring and NMFS fall surveys was good and generally consistent with the survey trends after 1994. But VPA tends to underestimate younger ages in 2009 and overestimate older ages for recent 3 years (Figure 24). There are still residual patterns for both models, which suggest some year effects (Figure 25). 

Retrospective analyses were used to detect any patterns to consistently overestimate or underestimate fishing mortality, biomass and recruitment relative to the terminal year estimates. There was a general tendency to initially overestimate 3+ biomass in some recent years (Figure 28-29). “split M 0.5” model generally has some improvement  in retrospective pattern than “split M 0.2” model.
State of Resource

Based on the results from the benchmark formulations, recruitment at age 1 of the 2003 year class at 4.3 million from “split M 0.2” model and 5.1 million from “split M 0.5” model, is the strongest year class since 1994, but still much lower than pre-1994 average level(8.7 million for “split M 0.2” model and 8.8 million for “split M 0.5” model )(Table 15 and 18, Figure 26).  The 2002, 2004 and 2007 year classes, at less than half of the post-1994 average level, are the lowest on record.  2005 year class close to post-1994 average level , and 2006 year class is smaller than 2005.

Fishing mortality for ages 4-9 was higher prior to 1994(Table 16 and 19, Figure 27). It declined in 1995 to F=0.36 for “split M 0.2” model and 0.24 for “split M 0.5” model due to restrictive management measures and then fluctuated until 2005 when it declined to 0.33 for “split M 0.2” model and 0.22 for “split M 0.5” model. F has been above 0.18 in the past. F from “split M 0.5” model is more consistent with effort trend, 0.17 in 2008, and 0.25 from split M 0.2 model 
Adult population biomass (ages 3+) declined substantially from 49,000 mt in 1990 to about 1,000 mt in 1994, the lowest observed (Table 17 and 20, Figure 26). The biomass subsequently fluctuated and declined to 3,800 mt in 2003 but increased again to 8,700 mt at the beginning of 2009 for “split M 0.2” model (80% Confidence Interval: 16,300 mt to 23,600 mt).   6,000 mt  in 2005 and increased to around 12,000 mt for “split M 0.5” model. The increase in the late 1990’s was the result of growth and survival of the 1995, 1996 and 1998 year classes. The increase in 2006 was due largely to recruitment of the 2003 year class, and the increases in 2007, 2008 and 2009 were due to growth of the 2003 year class.   All subsequent year classes have been low.  Lower weights-at-age in the population in recent years and generally poor recruitment have contributed to the lack of sustained rebuilding although improvement in size at some ages has been seen in 2008 and 2009.
Yield exceeded surplus production during the early 1990s (Figure 27). Surplus production since the mid 1990s has remained considerably lower than that prior to 1990. Growth of ages 2 to 10 has typically accounted for the greatest percentage of the production (Figure 30). Occasionally, a strong incoming year-class at age 2 makes a greater contribution to production(Figure 31). The 2003 year class made such a contribution in 2005.  While there has been a tendency for greater chance of good recruitment when biomass exceeded 300,000 mt ( Table 21, Figure 32). There is high recruitment variability at any given biomass, while the recruitment rate seems constant, no significantly improvement when the biomass is low, which makes it harder for stock rebuilding(Figure 33). Since the early 1990s, biomass has remained far below 30,000 mt and recruitment has been poor.

Productivity

Recruitment, age structure, fish growth and spatial distribution reflect changes in the productive potential. In both absolute numbers and percent composition, the population age structure displays a very low proportion of 7+ older age groups compared to the 1980s, especially for the “M spit 05” model(Figure 34). Average weight at length, used to reflect condition, has been stable, but declines in length and weight at age have hampered biomass rebuilding. Although there is some improvement in size at age in recent 2 years, the magnitude and persistence can not be well projected. The spatial distribution patterns observed during the most recent bottom trawl surveys showed that adult cod were distributed in a similar manner to the average over the past decade. Resource productivity is currently poor due to low recent recruitment and low weights at age compared to the 1980s.

Outlook

This outlook is provided in terms of consequences with respect to the harvest reference points for alternative catch quotas in 2010 (Rivard and Gavaris 2003b). Uncertainty about standing stock generates uncertainty in forecast results which is expressed here as the risk of exceeding Fref =0.18. 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 2006-2008 average values were assumed for the fishery weight at age and the 2004-2008 average values were assumed for the partial recruitment pattern in 2009-2010 and the 2007-2009 survey average values were assumed for beginning of year population weight at age in 2010-2011 (Table 22).  
A. “split M 0.2” model

Assuming a 2009 catch equal to the 1,700 mt total quota, a combined Canada/USA catch of about 1,300 mt in 2010 will result in a neutral risk (50%) that the fishing mortality rate in 2009 will exceed Fref whereas a catch of 1,800 mt will result in a neutral risk (50%) that the 2011 adult biomass(4+) will be lower than the 2010 adult biomass (Figure 35). A catch of about 1,000 mt will result in a neutral risk (50%) that 2011 adult biomass will not increase by 10%.
B. “split M 0.5” model

A combined Canada/USA catch of about 1,700 mt in 2010 will result in a neutral risk (50%) that the fishing mortality rate in 2009 will exceed Fref whereas a catch of 900 mt will result in a neutral risk (50%) that the 2011 adult biomass will be lower than the 2010 adult biomass (Figure 35). A catch of about 500 mt will have a high risk (75%) that 2011 adult biomass will not increase by 10%.
The 2003 year class is projected to continue to significantly contribute to the fishery catch in 2009-2010 and biomass in 2009-2011 (Figure 36-37, Table 23). With well below average 2004, 2006 and 2007 year classes, exploitation below Fref would maintain biomass at a higher level in the near future, increasing chances of better recruitment.
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Table 1. Catches (mt) of cod from eastern Georges Bank, 1978-2008. 
	 
	 
	Canada
	 
	 
	 
	 
	USA
	 
	 
	Total

	Year
	Landings
	Discards
	Discards
	Total
	
	Landings
	Discards
	Total
	
	 

	
	
	Scallop
	Grndfish
	
	
	
	
	
	
	

	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
	95
	6,509
	
	20,943

	1991
	13,467
	65
	
	13,532
	
	6,353
	149
	6,501
	
	20,034

	1992
	11,667
	71
	
	11,738
	
	5,080
	179
	5,259
	
	16,997

	1993
	8,526
	63
	
	8,589
	
	4,019
	67
	4,087
	
	12,676

	1994
	5,277
	63
	
	5,340
	
	998
	6
	1,005
	
	6,344

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

	1996
	1,924
	56
	
	1,980
	
	676
	2
	677
	
	2,658

	1997
	2,919
	58
	428
	3,405
	
	549
	8
	557
	
	3,962

	1998
	1,907
	92
	273
	2,272
	
	679
	7
	686
	
	2,959

	1999
	1,818
	85
	253
	2,156
	
	1,195
	14
	1,208
	
	3,365

	2000
	1,572
	69
	
	1,641
	
	772
	26
	798
	
	2,439

	2001
	2,143
	143
	
	2,286
	
	1,487
	220
	1,708
	
	3,993

	2002
	1,278
	94
	
	1,372
	
	1,680
	12
	1,692
	
	3,064

	2003
	1,328
	200
	
	1,528
	
	1,854
	105
	1,959
	
	3,486

	2004
	1,112
	145
	
	1,257
	
	1,007
	70
	1,077
	
	2,334

	2005
	630
	84
	144
	859
	
	174
	249
	423
	
	1,281

	2006
	1,096
	112
	237
	1,445
	
	134
	128
	262
	
	1,707

	2007
	1,108
	114
	
	1,222
	
	216
	341
	557
	
	1,779

	2008
	1,390
	36
	103
	1,529
	 
	 
	22
	253
	 
	1,782

	Minimum
	630
	36
	103
	859
	
	134
	0
	253
	
	1,281

	Maximum
	17,827
	200
	428
	17,898
	
	10,550
	341
	10,550
	
	26,463

	Average
	6,229
	85
	240
	6,360
	 
	3,843
	90
	3,901
	 
	10,261


Table 2. Canadian and USA fishery management history of cod on eastern Georges Bank, 1978-2008. 
Canadian

	1978 Foreign fleets were excluded from the 200 mile exclusive economic zones of 

         Canada and USA;

	1984 Oct.  implementation of the maritime boundary between the USA and Canada in the 

          Gulf of Maine Area;

	1985 5Z+6 cod assessment started in Canada

          set TAC; TAC=25,000t

	1986  TAC=11,000t

	1987  TAC=12,500t

	1988  TAC=12,500t

	1989  TAC=8,000t

         5Zjm cod assessment

	1990 changes to larger and square mesh size;

         changes from TAC to individual and equal boat quotas of 280,000lb with 

          bycatch restrictions;

          Temporary Vessel Replacement Program was introduced

	1991 TAC=15,000t

	1992 TAC=15,000t

        introduction of ITQs  for the OTB fleet and dockside monitoring

	1993 TAC=15,000t, ITQ for the OTB fleet not based on recommended catch quotas, 

        OTB <65 fleet was allowed to fish during the spawning season(Mar. apr. and May)

	1994  TAC=6,000t, 

          nursery/spawning closures January to May 31;

          mesh size was 130mm square or 155 mm diamond for cod, haddock an Pollock for 

          ITQ fleet;

          Minimum fish size is 43cm (small fish protocols)  for cod, haddock an Pollock for

          ITQ fleet;

          Maximum individual quota holdings increased to 2% or 600t(whichever was less);

          OT> 65’ could not begin fishing until July 1;

          minimum mesh size of 6" was required for gillnets;

          fixed gear must choose to fish either 5Z or 4X during June 1 to September 30;

          September 7 and 23 fishing closed to fixed gear due to a lack of haddock quota

          November 5 and 9 fishing closed to OTB>65’;

	1995  TAC=1,000t as a bycatch fishery;

          January 1 to June 18 was closed to all groundfish fishery;

          130mm square mesh size for all mobile fleets;

           small fish protocols continued;

           ITQ vessels were required to hold an IQ of at least 2t of cod and 8t of haddock 

          quota to fish Georges;

          100% dock side monitoring;

           fixed gear vessels with a history since 1990 of  25t or more for 3years of cod, 

           haddock, Pollock, hake or cusk combined can participate in 5Z fishery.

           ITQ vessel require at least 2t of cod and 8t of haddock quota to fish Georges.

	1996  TAC=2,000t;

           prohibition of the landing of groundfish(except monkfish) by the scallop fishery;

           ITQ vessel require minimum 130mm square mesh for directed cod, haddock and 

           Pollock trips;

           small fish protocols continued;

         quota allocation of each fixed gear based on catch history using the years 1986-

         1993;

         fixed gear <45’vessel with no fishing history since 1986 was ineligible to fish in

         1996;

         Fixed gear quotas were divided into association quotas and DFO managed group, 

         DFO did not support any individual vessel quotas;

        100% mandatory dockside monitoring and weighout;

         Increased access fee and new Licensing Policy;

	1997 TAC=3,000t 

	1999  TAC=1,800t;

          mandatory cod separator panel when no observer on board;

          Jan. and Feb. mobile gear fishery?(some catch)

	2000 TAC=1,600t

         Jan. and Feb. mobile gear fishery?(some catch)

	2001 TAC=2,100t

	2002 TAC=1,192t

	2003 TAC=1,301t;

	2004 TAC=1,000t;

          Canada-USA resource sharing agreement on Georges Bank

	2005 TAC=740t;

          exploratory winter fishery Jan. to  Feb.18, 2005           

	2006 TAC=1,326t;

	         exploratory winter fishery Jan. to  Feb.6, 2006           

	2007 TAC=1,406t

         exploratory winter fishery Jan. to  Feb. 15, 2007;

         high mobile gear observer coverage(99%)           

	2008 TAC=2,300t; Winter fishery from Jan.1 to Feb. 8.


USA

1953-1977
ICNAF Era
1953 
Minimum mesh in body and codend - 4 ½".

1970 
Areas 1(A) and 2(B) closed during haddock spawning season; from March



through April.  1972-1974 Areas 1(A) and 2(B) closure extended to March



through May.



Total Allowable Catch (TAC) regulations implemented for Div. 5Z cod 



on an annual basis beginning in 1973-76; set at 35,000 mt per year.

1975 
Areas 1(A) and 2(B) closure extended to February through May

1977-Present
Extended Jurisdiction and National Management
1977 
USA Magnuson-Stevens Fishery Conservation and Management Act of 1976 (FCMA) effective.

1977-1982
Fishery Management Plan (FMP) for Atlantic groundfish (cod, haddock and 

                                  yellowtail fl.); mesh size of 5 1/8 ", seasonal spawning closure (areas 1 and 2), 

                                  quotas established on annual, quarterly and vessel class basis, eventually 



leading to trip limits.

1982-1985
The "Interim Plan" for Atlantic groundfish; eliminated all catch controls, retained closed area and mesh size regulations, implemented minimum landings sizes.

1983 
Mesh size increased to 5½“ diamond.
1984 October
The 'Hague' line established separate fishing zones for the USA and Canada in the Gulf of Maine and on Georges Bank.

1986 September
Fishery Management Plan for the Northeast Multispecies Fishery Effective;



Areas 1 and 2 closed during February 1-May 31.



Mesh size increased to 5 ½" (yr 1+ 2), 6 “ (yr 3)



Minimum size landed - commercial 17 “ (yr 1), 19 “(yr 2+) 



Recreational 15" (yr 1),17" (yr 2+3), 19" (yr 4+) 

1989 January
Amendment # 2 - seasonal large-mesh area for Nantucket Shoals winter fishery. Eliminate scheduled 6" mesh increase.  



Minimum size in recreational = commercial = 19 “

1993

Area 2 closure in effect from Jan 1-June 30.

1994 January
Amendment 5: 50% reduction in effort (5-7 years)



Expanded Area 2 closure;  Area 1 closure not in effect.



Days at sea (DAS) monitoring; mandatory logbook reporting.


May
 6" diamond or square mesh restriction (delayed from March 1). 



Fishing year May-April.

1994 December
Both Area 1,2 and Nantucket Lightship Area closed year-round until further notice.

1996
 October
Sustainable Fisheries Act (SFA) effective.


May 
Recreational minimum size increases to 20"


July 1
Amendment 7 effective.



Establishes target TACs, rebuilding target of F0.1 

1997 May
Recreational minimum size increases to 21"
1999 May
Minimum mesh size increase to 6 ½” square, remains at  6" diamond 


June
Scallopers allowed limited access to Area II


November
Amendment 9 effective; 



Redefines over fishing definitions to comply with SFA


 August
Bottom trawl trip limit: 2000 lb/ day, 20,000 lb/trip with trigger at  75% of TAC

2000 May
SQ bottom trawl trip limit: 2000 lb/ day, 20,000 lb/trip without trigger

                                   Hook fishermen: 4000 lb/day trip limit.



Additional closures on Georges Bank for May only (109-114, 98-99),

 

Adjacent to Area 1

2002 May                  Interim rule as a result of FW 33 lawsuit settlement agreement. Continuation of 
                                  most measures from previous frameworks.
                                  DAS:  15 hour minimum charged for all trips over 3 hours

                                  Vessels limited to 25 percent of allocation May 1 through July 31, 2002 (only). 
                                  Prohibition on front-loading DAS.

                                  Minimum size: Cod 22 in.

                    Gear: GOM Regulated Mesh Area (RMA): 6.5 in. diamond or square codend 
                    minimum, 6.5 inch mesh for trip gillnets, 6.5 inch mesh standup (roundfish) or
                    7 inch mesh tiedown (flatfish) for day gillnets. 
                    All areas: day gillnets limited to 50 standup/100 tiedown nets. 
                    Hook gear: de-hooking devices with spacing of less than six inches prohibited.
                    Recreational: Cod minimum size 23 in., GOM party/charter limited to 10 fish 
                    combined cod/haddock, all areas private recreational limited to 10 cod.

                    Possession limits: Remain the same.
         June                  Revised interim rule:Minimum size: Cod 19 in.

                                   Closures: Year-round Cashes Ledge east and west closures removed

                                   Gear: Hook: Requirement for six-inch spacing for de-hooking gear removed

         Aug                    Emergency rule implementing FW 33 lawsuit settlement agreement: 
                                    DAS: DAS allocation for each permit reduced 20 percent from maximum used \

                                    FY 1996-2000 (est  71,218 allocated, including carry-over). DAS counted by the 
                                    minute, except for day gillnet vessels (15 hour minimum). (This change reverted to 
                                    DAS counting in effect in FY 2001). 
                                    Prohibition on front-loading DAS clock.
                                    Minimum size: Cod 22 in.
                                    Gear: Trawl: GOM/GB RMAs: 6.5 in. diamond or square codend minimum;
                                    Hook: GB: 3,600 rigged hooks
                                    Closures: Add GB seasonal closure areas, May – Blocks 80, 81, 118, 119, 
                                    120 (south of 42-20N)
                                    Recreational: Cod/haddock: 23 in. minimum size. 
                                    Party/charter: GOM RMA:  April-November, 10 cod/haddock combined per person,

                                     Dec-Mar – 10 cod/haddock combined, no more than 5 cod per person per trip.

                                    Private: GOM RMA: December-March – 10 cod/haddock combined,
                                     no more than 5 cod.
                                     Commercial minimum size increased to 22" (55.9 cm)  
2003     July              Final emergency rule implementing FW 33 lawsuit settlement agreement.

                                  Recreational: Other areas  (including GB ):10 cod/haddock combined.
2004     May 1           Implementation of Amendment 13. Measures based on emergency rule 
                                  and measures in effect prior to interim rule. 
                    DAS: DAS for each permit re-categorized. Category 1: 60% of maximum 
                    DAS used FY 1996-2001 in years that permit landed 5,000 pounds regulated 
                    groundfish (est. 43,000 allocated). Category B: 40% of maximum DAS used FY

                    1996-2001 in years that permit landed 5,000 pounds regulated groundfish; can only
                    be used in specific programs. DAS leasing and transfer programs allow DAS 
                    exchanges between vessels under limited conditions. 
                    Minimum Size: No change from emergency rule (commercial); 22 inch cod. 
                    Recreational:cod minimum size decreases to 22". Bag limit: 10 cod/day/person
                    Gear: Trawl: No change from emergency rule. Gillnet: GOM/GB: Day-6.5 in./50 
                    standup nets, no seasonal restriction on tie-down nets; Trip: 6.5 in. mesh/150 nets. 

                    Hook: GB: 3,600 hooks
                    Closures: Same as emergency rule, with addition of habitat closed areas;
                    all except Jeffrey Bank and NLCA habitat closed area are within existing 
                    year-round closed areas.
                    Possession limits:. GB cod: 1,000 lbs.-DAS/10,000 lbs.-trip. 
                    Special Management Programs: US/Canada Area: hard TAC on cod, 
                    Cod possession limit: 500 lbs-DAS/5,000 lbs-trip, not more than 5 percent of catch.
                    No DAS charged to/from SAs 561, 562.
                    VMS required in U.S/Canada Management Area ; only Category A DAS

                                   Daily catch report via VMS (catch&discard) ;Haddock separator trawl; flatfish net

October        Closure of SAs 561 and 562 to all fishing on a multispecies DAS.
                     Prohibition on the possession of yellowtail flounder from SAs 522, 525,
                     561, 562.

              November     Framework Adjustment 40A

                     Eastern US/CA Area Haddock SAP Pilot Program

                     Access to northern corner of CAII and adjacent area to target haddock 
                     using separator trawl. Season: May 1 through  December 31.
                     Authorized use of Category B DAS.

2005       January        Eastern US/CA reopened, Cod trip limit of 5,000 lbs./trip in Eastern US/CA area. 
                                  Vessels fishing in Eastern US/CA area must use haddock separator trawl. 
April            Eastern US/CA area closed until April 30, 2005,

May            Eastern US/CA Area reopens at beginning of fishing year. Measures revert 
                   to those implemented May 1, 2004.
 July           NE multispecies DAS vessels are limited to one trip per month in the
                   Eastern US/CA area.

                   Multispecies DAS vessels are prohibited from fishing in the Category B
                   (regular) DAS program in the GB cod stock area through July 31.
                   NE multispecies trawl vessels are required to use a haddock separator 
                   trawl when fishing in the Eastern US/CA area.

August       Eastern US/CA area is closed to all limited access multispecies DAS vessels 
                   because 90 percent of the GB cod TAC for the area is projected to be harvested.
2006      May            Implementation of an emergency rule to reduce fishing mortality on
                                 groundfish stocks while FW 42 is reviewed. Revised regulations are: 

                   DAS: DAS charged at the differential rate of 1.4:1 for all areas outside the 

                   US/CA area.
                   Minimum Size: No changes for commercial vessels.

                   Gear: No changes.
                   Closures: No changes  
                   Possession limits: GB cod: 1,000 lbs.-DAS/10,000 lbs.-trip outside of
                   eastern US/CA area. 

                   Special Management Programs: Eastern US/Canada haddock SAP: 

                   Opening delayed until August 1. 

                   Category B (regular) DAS Program: Renewed, with vessels restricted to
                   the US/CA Area, required to use a haddock separator trawl, limited to 500 
                   days May-June, 1,000 days in other quarters, low trip limits on stocks of concern.

                   Other: Vessels allowed to fish inside and outside the eastern US/CA area on 
                    the same trip.

              June            All trawl vessels fishing in the eastern US/CA area required to use a haddock
                                  separator trawl.

              November    Implementation of FW 42 -  Major regulatory changes:
                    Special Management Programs: US/Canada Area: Opening delayed until August 1.
                    Prohibition on discarding legal sized fish.
                    Category B (regular) DAS Program: Renewed for all areas. Trawl vessels required 
                    to use a haddock separator trawl, limited to 500 days May-June, 1,000 days in other
                    quarters, low trip limits on stocks of concern. Prohibition on discarding legal sized 
                    fish

                    Other: (same as emergency rule) Vessels allowed to fish inside and outside the

                    eastern US/CA area on the same trip.

Table 3. Nominal landings (mt) of cod from eastern Georges Bank by gear and month for Canada during 1999-2008.
	Year
	Gear
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total

	1999
	Mobile
	3
	 
	 
	 
	 
	226
	156
	47
	72
	59
	38
	19
	619

	
	Gillnet
	
	
	
	
	
	59
	100
	48
	15
	36
	7
	6
	270

	
	Longline
	
	
	
	
	
	95
	288
	244
	152
	107
	27
	17
	929

	
	Total
	3
	 
	 
	 
	 
	379
	544
	339
	239
	201
	71
	42
	1,818

	2000
	Mobile
	 
	 
	 
	 
	 
	102
	140
	82
	73
	70
	38
	30
	535

	
	Gillnet
	
	
	
	
	
	55
	76
	28
	24
	41
	9
	4
	238

	
	Longline
	
	
	
	
	
	41
	191
	177
	222
	138
	15
	16
	799

	
	Total
	 
	 
	 
	 
	 
	197
	407
	287
	318
	248
	63
	51
	1,572

	2001
	Mobile
	 
	 
	 
	 
	 
	160
	84
	58
	104
	133
	111
	72
	722

	
	Gillnet
	
	
	
	
	
	37
	75
	48
	60
	43
	21
	
	284

	
	Longline
	
	
	
	
	
	62
	212
	273
	282
	229
	62
	16
	1,137

	
	Total
	 
	 
	 
	 
	 
	259
	371
	379
	446
	406
	193
	88
	2,143

	2002
	Mobile
	 
	 
	 
	 
	 
	38
	87
	33
	83
	62
	55
	86
	445

	
	Gillnet
	
	
	
	
	
	3
	45
	51
	23
	1
	9
	7
	140

	
	Longline
	
	
	
	
	
	2
	150
	199
	156
	127
	31
	29
	693

	
	Total
	 
	 
	 
	 
	 
	43
	282
	283
	263
	190
	95
	122
	1,278

	2003
	Mobile
	 
	 
	 
	 
	 
	87
	81
	55
	65
	67
	74
	45
	474

	
	Gillnet
	
	
	
	
	
	6
	31
	31
	27
	3
	14
	1
	112

	
	Longline
	
	
	
	
	
	20
	166
	252
	136
	124
	30
	14
	742

	
	Total
	 
	 
	 
	 
	 
	114
	277
	338
	228
	194
	117
	59
	1,328

	2004
	Mobile
	 
	 
	 
	 
	 
	78
	82
	50
	47
	56
	42
	16
	371

	
	Gillnet
	
	
	
	
	
	4
	2
	14
	21
	
	11
	
	52

	
	Longline
	
	
	
	
	
	6
	85
	231
	168
	89
	97
	14
	689

	 
	Total
	 
	 
	 
	 
	 
	88
	169
	294
	236
	145
	150
	30
	1,112

	2005
	Mobile
	12
	22
	
	
	3
	50
	49
	31
	27
	28
	31
	30
	283

	
	Gillnet
	
	
	
	
	
	11
	18
	
	6
	
	
	
	36

	
	Longline
	1
	
	
	
	
	9
	44
	101
	71
	52
	29
	4
	311

	 
	Total
	13
	22
	 
	 
	3
	70
	111
	133
	105
	80
	60
	34
	630

	2006
	Mobile
	41
	16
	
	
	
	88
	73
	74
	63
	39
	24
	39
	458

	
	Gillnet
	
	
	
	
	
	
	27
	15
	
	
	
	
	43

	
	Longline
	3
	
	
	
	
	7
	126
	173
	147
	91
	34
	14
	595

	 
	Total
	44
	16
	 
	 
	 
	96
	226
	262
	211
	130
	58
	53
	1,096

	2007
	Mobile
	68
	18
	
	
	
	44
	84
	55
	31
	49
	14
	28
	393

	
	Gillnet
	
	
	
	
	
	
	4
	41
	13
	
	
	
	58

	
	Longline
	
	
	
	
	
	7
	116
	173
	219
	102
	39
	
	657

	 
	Total
	68
	18
	 
	 
	 
	51
	205
	268
	263
	152
	53
	28
	1,108

	2008
	Mobile
	40
	21
	
	
	
	69
	100
	55
	67
	46
	43
	28
	468

	
	Gillnet
	
	
	
	
	
	1
	22
	50
	22
	
	
	
	94

	
	Longline
	
	
	
	
	
	7
	190
	280
	177
	136
	38
	
	827

	 
	Total
	40
	21
	 
	 
	 
	77
	312
	384
	265
	182
	81
	28
	1,390


Table 4. Length and age samples for landings at age calculation for USA and Canadian fisheries on eastern Georges Bank. For Canadian fisheries, at-sea observer samples are included since 1990. The first quarter age samples are supplemented with USA age samples from 5Zjm for 1978-1986 and DFO survey age samples for 1987-2008, the numbers are shown in brackets.
	 
	 
	USA
	 
	 
	 
	Canada
	 

	Year
	Samples
	Lengths
	Ages
	 
	Samples
	Lengths
	Ages

	1978
	13
	2,2941
	384
	
	28
	7,684
	1,364

	1979
	18
	2,384
	402
	
	11 + 8 US ALK
	3,103
	796(205)

	1980
	17
	2,0801
	286
	
	10 +  6 US ALK 
	2,784
	728(192)

	1981
	14
	1,615
	455
	
	16
	3,906
	842

	1982
	23
	4,4661
	778
	
	16 + 7 US ALK
	4,948
	1,054(268)

	1983
	24
	3,9061
	903
	
	15 + 4 US ALK
	3,822
	754(150)

	1984
	44
	3,891
	1,130
	
	7+32 US ALK
	1,889
	1,241(858)

	1985
	23
	2,076
	597
	
	16+12 US ALK
	7,031
	1,309(351)

	1986
	27
	2,145
	643
	
	22+ 4 US ALK
	5,890
	987(103)

	1987
	23
	1,865
	524
	
	31+DFO Survey
	9,133
	1,429(193)

	1988
	37
	3,229
	797
	
	40+DFO survey
	11,350
	1,892(510)

	1989
	19
	1,572
	347
	
	32
	8,726
	1,499

	1990
	28
	2,395
	552
	
	99+DFO survey
	31,951
	2,825(1153)

	1991
	24
	1,969
	442
	
	92
	27,739
	1,782

	1992
	25
	2,048
	489
	
	83+DFO survey
	28,825
	2,215(359)

	1993
	29
	2,215
	569
	
	92
	31,473
	2,146

	1994
	13
	898
	180
	
	95
	27,659
	1,268

	1995
	38
	26451
	14
	
	30
	6,633
	548

	1996
	58
	4,8951
	1,163
	
	101
	25,818
	828

	1997
	20
	1,7611
	82
	
	85
	31,420
	1,216

	1998
	14
	1,3011
	338
	
	95
	25,743
	1,643

	1999
	10
	921
	228
	
	77+DFO survey
	25,871
	1,290(410)

	2000
	6
	200
	121
	
	77
	20,127
	1,374

	2001
	16
	1,434
	397
	
	85
	18,627
	1,505

	2002
	16
	1,424
	429
	
	70
	15,616
	1,252

	2003
	19
	1,367
	416
	
	80
	19,185
	1,070

	2004
	21
	1,547
	517
	
	124+DFO survey
	17,856
	1,370

	2005
	5
	2491
	65
	
	136+DFO survey
	21,942
	1,483(697)

	2006
	9
	446
	151
	
	258+DFO survey
	43,259
	1,455(648)

	2007
	8
	406
	131
	
	494+DFO survey
	139,816
	1,672(456)

	2008
	32
	1,3651
	295
	 
	191+DFO survey
	63,213
	1,729(495)



 Includes length samples from western Georges Bank.

Table 5.  Results of age comparison testing.
	Sample Source
	Stock
	Test Type
	Date Completed
	Age Reader
	Sample Size
	CV (%)
	Agreement (%)

	2007 
US Port Samples 
(Q1-2)
	GB
	Exchange
	Spring 2008
	NS vs. BH
	99
	1.80
	88.9

	2006 
US Fall Survey 
(200610)
	GB
	Exchange
	Spring 2008
	NS vs. BH
	60
	2.83
	88.3

	2006-2007

CAN Intra Aging 

Tests Qtr 1-4 
	GB
	Precision
	April 

2008
	BH
	192
	.68
	95

	Feb. 2007 

CAN DFO Survey 

TEM2007685
	GB
	Exchange
	Jan

2009
	BH vs.

NS
	50
	.07


	82

	Dec. 2006

CAN Observer Sample 

J06-0625  
	GB
	Exchange
	Jan

2009
	BH vs.

NS
	23
	.02
	91

	Aug. 2006

CAN Comm. Sample

20060230

 
	GB
	Exchange
	Jan

2009
	BH vs.

NS
	27
	0


	100

	2007-2008

CAN Intra Aging 

Tests Qtr 1-4 
	GB
	Precision
	April

2009
	BH
	126
	.07
	95


*BH: Bette Hat from DFO
   NS: Nina Shepherd from NMFS

Table 6. Annual catch at age numbers (thousands) for eastern Georges Bank cod.

	Year/Age
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16+
	Total

	1978
	1
	8
	108
	3644
	1167
	394
	163
	127
	22
	23
	6
	2
	1
	0
	0
	0
	0
	5668

	1979
	1
	15
	889
	734
	1519
	543
	182
	74
	60
	11
	3
	2
	1
	0
	1
	0
	0
	4035

	1980
	2
	6
	973
	1651
	301
	969
	354
	97
	26
	46
	16
	4
	1
	0
	0
	0
	0
	4448

	1981
	3
	35
	788
	1656
	1260
	283
	530
	199
	102
	61
	21
	3
	1
	0
	0
	0
	0
	4943

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

	1983
	10
	22
	783
	2511
	1297
	563
	398
	118
	182
	102
	25
	28
	12
	1
	4
	1
	0
	6057

	1984
	0
	17
	231
	805
	1354
	546
	377
	279
	39
	90
	38
	17
	7
	2
	3
	0
	1
	3806

	1985
	33
	9
	2859
	1408
	660
	986
	270
	110
	110
	21
	27
	3
	4
	1
	1
	0
	0
	6504

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

	1987
	2
	22
	4116
	845
	1148
	163
	132
	174
	40
	24
	8
	3
	1
	0
	0
	0
	0
	6679

	1988
	1
	23
	289
	4191
	681
	856
	130
	117
	182
	52
	21
	13
	4
	1
	0
	0
	0
	6559

	1989
	1
	35
	682
	811
	1978
	228
	373
	56
	40
	59
	15
	7
	5
	0
	0
	0
	0
	4290

	1990
	1
	20
	734
	3117
	1038
	1374
	145
	153
	12
	12
	24
	3
	2
	1
	0
	0
	0
	6636

	1991
	0
	65
	1022
	1010
	1924
	904
	746
	105
	69
	21
	11
	8
	4
	2
	0
	1
	0
	5893

	1992
	0
	65
	2555
	1377
	459
	890
	314
	316
	45
	34
	3
	5
	2
	1
	0
	0
	0
	6067

	1993
	0
	10
	498
	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
	236
	94
	105
	18
	7
	4
	4
	0
	0
	0
	0
	0
	0
	0
	530

	1996
	0
	7
	40
	234
	397
	79
	60
	13
	4
	3
	0
	0
	0
	0
	0
	0
	0
	838

	1997
	1
	7
	145
	206
	358
	359
	83
	37
	13
	4
	1
	1
	0
	0
	0
	0
	0
	1214

	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
	1150

	2000
	1
	8
	74
	112
	379
	151
	37
	22
	12
	3
	0
	0
	0
	0
	0
	0
	0
	801

	2001
	1
	55
	138
	499
	217
	401
	105
	32
	17
	7
	1
	0
	0
	0
	0
	0
	0
	1472

	2002
	1
	1
	12
	125
	438
	107
	154
	30
	9
	5
	2
	1
	0
	0
	0
	0
	0
	884

	2003
	13
	0
	38
	159
	240
	404
	80
	89
	19
	4
	1
	0
	0
	0
	0
	0
	0
	1047

	2004
	0
	22
	13
	146
	151
	147
	139
	35
	30
	7
	1
	1
	0
	0
	0
	0
	0
	691

	2005
	0
	2
	85
	56
	191
	54
	34
	37
	11
	5
	1
	0
	0
	0
	0
	0
	0
	476

	2006
	0
	3
	21
	243
	75
	191
	47
	18
	17
	2
	2
	0
	0
	0
	0
	0
	0
	620

	2007
	0
	2
	74
	81
	402
	30
	84
	11
	7
	7
	0
	0
	0
	0
	0
	0
	0
	699

	2008
	0
	1
	41
	130
	62
	261
	16
	35
	4
	2
	1
	0
	0
	0
	0
	0
	0
	555


Table 7. Average fishery weights at age (kg) of cod from eastern Georges Bank.

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

	1978
	0.44
	1.26
	2.07
	2.72
	3.72
	5.41
	5.61
	8.28
	7.50
	11.32

	1979
	0.73
	1.45
	1.52
	3.28
	4.45
	6.59
	9.41
	9.62
	9.86
	14.18

	1980
	0.38
	1.24
	2.21
	3.07
	4.96
	6.29
	7.22
	11.46
	10.41
	12.54

	1981
	0.52
	1.28
	1.98
	3.06
	4.57
	6.52
	8.01
	9.18
	11.42
	14.55

	1982
	0.56
	1.30
	2.13
	3.61
	5.01
	6.76
	8.51
	9.86
	11.86
	13.98

	1983
	0.90
	1.49
	2.21
	3.10
	4.60
	6.10
	7.81
	10.15
	11.47
	13.20

	1984
	0.68
	1.60
	2.31
	3.42
	4.76
	6.09
	8.30
	9.35
	11.16
	12.03

	1985
	0.54
	1.32
	1.81
	3.19
	4.55
	5.95
	7.91
	9.60
	10.75
	12.52

	1986
	0.54
	1.36
	2.43
	3.30
	4.83
	6.70
	8.08
	9.20
	11.38
	11.46

	1987
	0.58
	1.46
	2.38
	3.93
	5.38
	7.23
	8.76
	9.46
	11.27
	12.01

	1988
	0.62
	1.17
	2.19
	3.07
	4.91
	6.10
	8.27
	9.89
	11.14
	12.49

	1989
	0.65
	1.28
	1.96
	3.35
	4.89
	6.02
	6.80
	9.80
	10.70
	12.77

	1990
	0.69
	1.55
	2.38
	3.22
	4.60
	6.04
	7.80
	9.81
	11.19
	12.82

	1991
	0.73
	1.51
	2.41
	3.14
	4.24
	5.53
	7.45
	9.46
	9.18
	13.27

	1992
	0.86
	1.42
	2.28
	3.33
	4.25
	5.67
	6.80
	8.66
	11.21
	14.87

	1993
	0.60
	1.40
	2.11
	2.84
	4.29
	5.40
	6.76
	8.29
	9.14
	11.13

	1994
	0.59
	1.33
	2.14
	3.44
	4.39
	6.42
	7.19
	8.15
	7.96
	11.44

	1995
	0.28
	1.32
	2.12
	3.35
	4.94
	6.38
	10.09
	10.01
	10.43
	15.64

	1996
	0.49
	1.42
	2.17
	3.05
	4.70
	5.83
	6.42
	8.96
	10.35
	10.28

	1997
	0.72
	1.44
	2.07
	2.93
	3.86
	5.36
	7.26
	8.31
	11.49
	9.88

	1998
	0.78
	1.35
	2.15
	2.98
	3.97
	5.33
	6.59
	7.82
	10.23
	12.79

	1999
	0.56
	1.33
	1.97
	3.10
	3.91
	5.48
	6.27
	7.54
	9.38
	13.58

	2000
	0.65
	1.24
	1.94
	2.91
	4.02
	4.70
	5.72
	6.77
	8.38
	14.05

	2001
	0.47
	0.97
	1.88
	2.70
	3.56
	4.87
	5.22
	7.28
	8.65
	10.98

	2002
	0.32
	1.18
	1.96
	2.85
	4.02
	4.89
	6.42
	8.23
	7.99
	10.11

	2003
	
	1.23
	2.10
	2.73
	3.54
	4.27
	5.47
	6.84
	7.63
	8.12

	2004
	0.24
	1.24
	1.84
	2.78
	3.47
	4.56
	5.24
	7.25
	8.54
	8.62

	2005
	0.17
	0.91
	1.57
	2.43
	3.50
	4.48
	4.89
	6.81
	8.05
	8.94

	2006
	0.21
	0.66
	1.77
	2.38
	3.35
	4.34
	6.09
	5.79
	6.91
	7.17

	2007
	0.47
	1.10
	1.56
	2.42
	3.08
	3.98
	6.29
	6.83
	6.89
	9.29

	2008
	0.21
	1.19
	2.09
	2.76
	3.62
	4.91
	5.76
	7.79
	7.93
	8.69

	Min
	0.17
	0.66
	1.52
	2.38
	3.08
	3.98
	4.89
	5.79
	6.89
	7.17

	Max
	0.90
	1.60
	2.43
	3.93
	5.38
	7.23
	10.09
	11.46
	11.86
	15.64

	Avg.1
	0.26
	1.02
	1.77
	2.55
	3.40
	4.46
	5.65
	6.89
	7.66
	8.54


1for 2004-2008
Table 8. Conversion factors used to adjust for changes in door type and survey vessel for the NMFS surveys.

	Year
	Door
	Spring
	
	Fall

	
	
	Vessel
	Conversion
	Vessel
	Conversion

	1978
	BMV
	Albatross IV
	1.56
	Delaware II
	1.2324

	1979
	BMV
	Albatross IV
	1.56
	Delaware II
	1.2324

	1980
	BMV
	Albatross IV
	1.56
	Delaware II
	1.2324

	1981
	BMV
	Delaware II
	1.2324
	Delaware II
	1.2324

	1982
	BMV
	Delaware II
	1.2324
	Albatross IV
	1.56

	1983
	BMV
	Albatross IV
	1.56
	Albatross IV
	1.56

	1984
	BMV
	Albatross IV
	1.56
	Albatross IV
	1.56

	1985
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1986
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1987
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1988
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1989
	Polyvalent
	Delaware II
	0.79
	Delaware II
	0.79

	1990
	Polyvalent
	Delaware II
	0.79
	Delaware II
	0.79

	1991
	Polyvalent
	Delaware II
	0.79
	Delaware II
	0.79

	1992
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1993
	Polyvalent
	Albatross IV
	1
	Delaware II
	0.79

	1994
	Polyvalent
	Delaware II
	0.79
	Albatross IV
	1

	1995
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1996
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1997
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1998
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	1999
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	2000
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	2001
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	2002
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	2003
	Polyvalent
	Delaware II
	0.79
	Delaware II
	0.79

	2004
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	2005
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	2006
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	2007
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1

	2008
	Polyvalent
	Albatross IV
	1
	Albatross IV
	1


Table 9. 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

	2009
	
	11
	51
	2487
	2261
	519
	2955
	
	82
	0
	0
	0
	18
	0
	0
	0
	0
	8384


Table 10. 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 11. 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

	2008
	0
	74
	170
	55
	15
	98
	15
	15
	0
	0
	0
	0
	0
	0
	0
	0
	0
	442


Table 12. Beginning of year population weight at age derived from DFO and NMFS spring surveys. The weight at age 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
	7.99
	11.427
	14.635

	1971
	0.116
	0.811
	1.798
	2.347
	4.372
	5.377
	6.45
	7.99
	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
	1.89
	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
	9.15
	14.635

	1976
	0.138
	0.946
	2.156
	2.999
	3.753
	5.342
	8.011
	7.384
	9.15
	14.635

	1977
	0.124
	0.905
	2.13
	3.365
	6.182
	5.503
	6.667
	5.664
	9.15
	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
	1.74
	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
	3.05
	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
	0.05
	0.582
	1.954
	2.443
	2.699
	4.121
	5.89
	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
	0.77
	1.742
	3.217
	4.92
	5.698
	7.439
	8.988
	10.684
	14.635

	1987
	0.15
	0.845
	1.701
	2.686
	5.672
	7.487
	7.48
	6.659
	10.1
	14.635

	1988
	0.152
	0.931
	1.785
	3.02
	4.169
	6.268
	8.438
	8.724
	12.33
	14.635

	1989
	0.142
	0.832
	1.705
	2.759
	4.306
	6.432
	7.615
	7.813
	11.32
	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
	0.07
	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
	7.33
	8.661
	8.871
	14.635

	1995
	0.183
	0.794
	1.587
	2.245
	3.474
	4.697
	6.692
	7.92
	11.886
	14.635

	1996
	0.088
	0.838
	1.553
	2.597
	3.908
	6.112
	5.458
	12.028
	11.92
	14.635

	1997
	0.19
	0.717
	1.694
	2.176
	3.218
	6.2
	6.204
	9.796
	10.174
	14.635

	1998
	0.078
	0.65
	1.382
	2.258
	3.034
	4.516
	5.831
	7.787
	8.211
	14.635

	1999
	0.111
	1.001
	1.35
	2.237
	2.973
	4.635
	6.513
	8.25
	8.448
	14.635

	2000
	0.06
	0.896
	1.587
	2.326
	3.234
	4.461
	6.501
	8.211
	11.523
	14.635

	2001
	0.01
	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
	5.12
	6.702
	7.661
	10.687

	2004
	0.022
	0.288
	1.454
	2.447
	3.449
	4.086
	4.312
	6.32
	10.535
	10.687

	2005
	0.058
	0.589
	1.167
	1.77
	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
	6.81
	7.981
	10.687

	2008
	0.046
	0.577
	1.45
	2.041
	2.504
	3.465
	4.165
	7.931
	10.05
	10.687

	20091
	0.04
	0.75
	1.50
	2.64
	2.80
	3.71
	4.98
	5.59
	9.02
	10.687

	Average
	0.104
	0.768
	1.689
	2.629
	3.874
	5.251
	6.808
	8.198
	10.098
	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


1: from 2009 DFO survey, weights for age 7 and 9 are from the average of 2007 and 2008.

Table 13. Statistical properties of estimates for population abundance (numbers in thousands) and survey calibration constants from the “split M 0.2” benchmark model formulation for eastern Georges Bank cod obtained from a bootstrap with 1000 replications.

	Parameter
	Estimate
	Standard Error
	Relative Error
	Bias
	Relative Bias

	N[2009 2]
	918
	533
	0.581
	122.44
	0.133

	N[2009 3]
	1066
	441
	0.414
	66.37
	0.062

	N[2009 4]
	855
	316
	0.370
	40.72
	0.048

	N[2009 5]
	170
	64
	0.377
	9.79
	0.057

	N[2009 6]
	930
	322
	0.346
	41.91
	0.045

	N[2009 7]
	57
	29
	0.503
	4.23
	0.074

	N[2009 8]
	74
	38
	0.520
	5.55
	0.075

	N[2009 9]
	46
	20.16
	0.437
	2.27
	0.049

	DFO 1986-1993 age 1
	0.024
	0.008
	0.351
	0.001
	0.051

	DFO 1986-1993 age 2
	0.217
	0.068
	0.311
	0.006
	0.027

	DFO 1986-1993 age 3
	0.413
	0.134
	0.324
	0.018
	0.043

	DFO 1986-1993 age 4
	0.398
	0.129
	0.324
	0.019
	0.048

	DFO 1986-1993 age 5
	0.642
	0.225
	0.351
	0.040
	0.062

	DFO 1986-1993 age 6
	0.663
	0.222
	0.335
	0.042
	0.063

	DFO 1986-1993 age 7
	0.770
	0.264
	0.343
	0.042
	0.054

	DFO 1986-1993 age 8
	1.029
	0.372
	0.361
	0.041
	0.040

	DFO 1994-2009 age 1
	0.010
	0.003
	0.280
	0.000
	0.031

	DFO 1994-2009 age 2
	0.103
	0.023
	0.228
	0.001
	0.014

	DFO 1994-2009 age 3
	0.805
	0.189
	0.235
	0.015
	0.019

	DFO 1994-2009 age 4
	1.875
	0.403
	0.215
	0.024
	0.013

	DFO 1994-2009 age 5
	2.546
	0.600
	0.235
	0.082
	0.032

	DFO 1994-2009 age 6
	3.169
	0.768
	0.242
	0.095
	0.030

	DFO 1994-2009 age 7
	3.286
	0.827
	0.252
	0.129
	0.039

	DFO 1994-2009 age 8
	3.038
	0.735
	0.242
	0.081
	0.027

	NMFS Spring Y41 1978-1981 age 1
	0.017
	0.008
	0.480
	0.001
	0.077

	NMFS Spring Y41 1978-1981 age 2
	0.197
	0.115
	0.586
	0.025
	0.128

	NMFS Spring Y41 1978-1981 age 3
	0.218
	0.106
	0.485
	0.031
	0.142

	NMFS Spring Y41 1978-1981 age 4
	0.208
	0.108
	0.520
	0.024
	0.113

	NMFS Spring Y41 1978-1981 age 5
	0.304
	0.158
	0.518
	0.034
	0.112

	NMFS Spring Y41 1978-1981 age 6
	0.292
	0.133
	0.454
	0.021
	0.073

	NMFS Spring Y41 1978-1981 age 7
	0.377
	0.206
	0.547
	0.050
	0.132

	NMFS Spring Y41 1978-1981 age 8
	0.331
	0.168
	0.508
	0.040
	0.120

	NMFS Spring Y36 1982-1993 age 1
	0.028
	0.008
	0.301
	0.001
	0.031

	NMFS Spring Y36 1982-1993 age 2
	0.131
	0.036
	0.275
	0.006
	0.042

	NMFS Spring Y36 1982-1993 age 3
	0.259
	0.073
	0.282
	0.009
	0.035

	NMFS Spring Y36 1982-1993 age 4
	0.315
	0.085
	0.269
	0.012
	0.037

	NMFS Spring Y36 1982-1993 age 5
	0.385
	0.106
	0.275
	0.021
	0.055

	NMFS Spring Y36 1982-1993 age 6
	0.407
	0.116
	0.284
	0.018
	0.045

	NMFS Spring Y36 1982-1993 age 7
	0.348
	0.090
	0.257
	0.009
	0.027

	NMFS Spring Y36 1982-1993 age 8
	0.382
	0.098
	0.257
	0.012
	0.031

	NMFS Spring Y36 1994-2008 age 1
	0.031
	0.010
	0.331
	0.001
	0.035

	NMFS Spring Y36 1994-2008 age 2
	0.122
	0.027
	0.225
	0.002
	0.017

	NMFS Spring Y36 1994-2008 age 3
	0.459
	0.107
	0.234
	0.006
	0.013

	NMFS Spring Y36 1994-2008 age 4
	1.064
	0.252
	0.237
	0.026
	0.025

	NMFS Spring Y36 1994-2008 age 5
	1.395
	0.324
	0.232
	0.009
	0.006

	NMFS Spring Y36 1994-2008 age 6
	1.256
	0.294
	0.234
	0.035
	0.028

	NMFS Spring Y36 1994-2008 age 7
	1.407
	0.339
	0.241
	0.039
	0.028

	NMFS Spring Y36 1994-2008 age 8
	1.599
	0.469
	0.294
	0.041
	0.026

	NMFS Fall 1978-1993 age 1
	0.072
	0.016
	0.220
	0.002
	0.021

	NMFS Fall 1978-1993 age 2
	0.068
	0.015
	0.219
	0.002
	0.025

	NMFS Fall 1978-1993 age 3
	0.097
	0.022
	0.223
	0.002
	0.022

	NMFS Fall 1978-1993 age 4
	0.054
	0.013
	0.235
	0.001
	0.023

	NMFS Fall 1978-1993 age 5
	0.045
	0.012
	0.270
	0.001
	0.030

	NMFS Fall 1994-2008 age 1
	0.050
	0.012
	0.245
	0.002
	0.033

	NMFS Fall 1994-2008 age 2
	0.121
	0.030
	0.247
	0.003
	0.026

	NMFS Fall 1994-2008 age 3
	0.223
	0.053
	0.238
	0.003
	0.015

	NMFS Fall 1994-2008 age 4
	0.223
	0.053
	0.236
	0.008
	0.037

	NMFS Fall 1994-2008 age 5
	0.270
	0.069
	0.256
	0.007
	0.025


Table 14. Statistical properties of estimates for population abundance (numbers in thousands) and survey calibration constants from the “split M 0.5” benchmark model formulation for eastern Georges Bank cod obtained from a bootstrap with 1000 replications.
	Parameter
	Estimate
	Standard Error
	Relative Error
	Bias
	Relative Bias

	N[2009 2]
	1117
	559
	0.501
	106.867
	0.096

	N[2009 3]
	1310
	557
	0.425
	105.08
	0.080

	N[2009 4]
	1094
	386
	0.353
	48.68
	0.045

	N[2009 5]
	242
	88
	0.365
	13.24
	0.055

	N[2009 6]
	1452
	446
	0.307
	63.34
	0.044

	N[2009 7]
	76
	33
	0.428
	4.52
	0.059

	N[2009 8]
	119
	43
	0.366
	6.04
	0.051

	N[2009 9]
	41
	15
	0.368
	2.05
	0.051

	DFO 1986-1993 age 1
	0.023
	0.007
	0.309
	0.001
	0.031

	DFO 1986-1993 age 2
	0.210
	0.072
	0.342
	0.012
	0.059

	DFO 1986-1993 age 3
	0.403
	0.131
	0.326
	0.020
	0.050

	DFO 1986-1993 age 4
	0.385
	0.126
	0.326
	0.017
	0.044

	DFO 1986-1993 age 5
	0.616
	0.203
	0.330
	0.028
	0.045

	DFO 1986-1993 age 6
	0.637
	0.202
	0.317
	0.022
	0.035

	DFO 1986-1993 age 7
	0.735
	0.245
	0.333
	0.033
	0.046

	DFO 1986-1993 age 8
	0.984
	0.318
	0.323
	0.043
	0.044

	DFO 1994-2009 age 1
	0.009
	0.002
	0.272
	0.000
	0.043

	DFO 1994-2009 age 2
	0.084
	0.019
	0.231
	0.003
	0.034

	DFO 1994-2009 age 3
	0.648
	0.146
	0.225
	0.013
	0.020

	DFO 1994-2009 age 4
	1.439
	0.331
	0.230
	0.026
	0.018

	DFO 1994-2009 age 5
	1.733
	0.398
	0.230
	0.036
	0.021

	DFO 1994-2009 age 6
	1.822
	0.418
	0.230
	0.051
	0.028

	DFO 1994-2009 age 7
	1.940
	0.479
	0.247
	0.048
	0.025

	DFO 1994-2009 age 8
	1.842
	0.454
	0.247
	0.052
	0.028

	NMFS Spring Y41 1978-1981 age 1
	0.017
	0.009
	0.512
	0.002
	0.101

	NMFS Spring Y41 1978-1981 age 2
	0.197
	0.118
	0.598
	0.025
	0.125

	NMFS Spring Y41 1978-1981 age 3
	0.218
	0.104
	0.476
	0.017
	0.078

	NMFS Spring Y41 1978-1981 age 4
	0.208
	0.104
	0.498
	0.023
	0.108

	NMFS Spring Y41 1978-1981 age 5
	0.304
	0.151
	0.496
	0.028
	0.094

	NMFS Spring Y41 1978-1981 age 6
	0.292
	0.145
	0.496
	0.022
	0.075

	NMFS Spring Y41 1978-1981 age 7
	0.377
	0.190
	0.506
	0.037
	0.099

	NMFS Spring Y41 1978-1981 age 8
	0.331
	0.170
	0.514
	0.028
	0.085

	NMFS Spring Y36 1982-1993 age 1
	0.027
	0.008
	0.298
	0.001
	0.030

	NMFS Spring Y36 1982-1993 age 2
	0.128
	0.034
	0.266
	0.005
	0.035

	NMFS Spring Y36 1982-1993 age 3
	0.254
	0.068
	0.266
	0.007
	0.028

	NMFS Spring Y36 1982-1993 age 4
	0.307
	0.075
	0.244
	0.002
	0.008

	NMFS Spring Y36 1982-1993 age 5
	0.371
	0.102
	0.275
	0.014
	0.037

	NMFS Spring Y36 1982-1993 age 6
	0.393
	0.100
	0.256
	0.015
	0.039

	NMFS Spring Y36 1982-1993 age 7
	0.336
	0.086
	0.255
	0.013
	0.038

	NMFS Spring Y36 1982-1993 age 8
	0.369
	0.095
	0.259
	0.010
	0.027

	NMFS Spring Y36 1994-2008 age 1
	0.025
	0.008
	0.319
	0.001
	0.042

	NMFS Spring Y36 1994-2008 age 2
	0.099
	0.022
	0.226
	0.002
	0.022

	NMFS Spring Y36 1994-2008 age 3
	0.367
	0.088
	0.240
	0.010
	0.026

	NMFS Spring Y36 1994-2008 age 4
	0.805
	0.189
	0.234
	0.015
	0.018

	NMFS Spring Y36 1994-2008 age 5
	0.925
	0.212
	0.229
	0.031
	0.034

	NMFS Spring Y36 1994-2008 age 6
	0.720
	0.173
	0.240
	0.007
	0.010

	NMFS Spring Y36 1994-2008 age 7
	0.830
	0.204
	0.246
	0.022
	0.026

	NMFS Spring Y36 1994-2008 age 8
	0.947
	0.277
	0.293
	0.022
	0.023

	NMFS Fall 1978-1993 age 1
	0.070
	0.016
	0.222
	0.001
	0.015

	NMFS Fall 1978-1993 age 2
	0.067
	0.014
	0.215
	0.001
	0.019

	NMFS Fall 1978-1993 age 3
	0.095
	0.020
	0.214
	0.001
	0.006

	NMFS Fall 1978-1993 age 4
	0.053
	0.013
	0.247
	0.001
	0.019

	NMFS Fall 1978-1993 age 5
	0.044
	0.012
	0.271
	0.001
	0.031

	NMFS Fall 1994-2008 age 1
	0.041
	0.011
	0.257
	0.002
	0.038

	NMFS Fall 1994-2008 age 2
	0.098
	0.022
	0.229
	0.002
	0.018

	NMFS Fall 1994-2008 age 3
	0.175
	0.041
	0.232
	0.003
	0.015

	NMFS Fall 1994-2008 age 4
	0.161
	0.037
	0.232
	0.000
	0.000

	NMFS Fall 1994-2008 age 5
	0.164
	0.039
	0.239
	0.005
	0.031


Table 15. Beginning of year population abundance (numbers in thousands) for eastern Georges Bank cod using the “split M 0.2” benchmark model formulation.

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

	1978
	12298
	3350
	10861
	4024
	1324
	709
	621
	105
	111
	200
	33604

	1979
	10100
	10061
	2645
	5626
	2247
	730
	434
	394
	66
	225
	32529

	1980
	9941
	8256
	7436
	1506
	3242
	1352
	434
	289
	268
	223
	32947

	1981
	17434
	8133
	5882
	4603
	962
	1784
	788
	268
	213
	342
	40411

	1982
	5680
	14243
	5949
	3329
	2637
	533
	985
	466
	128
	377
	34328

	1983
	5064
	4637
	8502
	3104
	1589
	1187
	262
	449
	243
	325
	25360

	1984
	14176
	4126
	3091
	4707
	1381
	797
	615
	109
	205
	310
	29517

	1985
	5109
	11591
	3170
	1807
	2638
	642
	317
	254
	54
	280
	25862

	1986
	23617
	4174
	6921
	1337
	888
	1277
	284
	160
	110
	222
	38990

	1987
	7602
	19299
	3011
	3635
	569
	420
	637
	171
	89
	234
	35667

	1988
	13335
	6204
	12099
	1707
	1946
	319
	225
	365
	104
	233
	36537

	1989
	4502
	10898
	4819
	6150
	788
	828
	145
	80
	137
	195
	28542

	1990
	6283
	3655
	8307
	3215
	3260
	441
	345
	68
	30
	195
	25799

	1991
	8768
	5126
	2332
	4010
	1701
	1441
	231
	146
	45
	146
	23947

	1992
	2334
	7121
	3277
	1006
	1567
	588
	515
	95
	58
	113
	16675

	1993
	3029
	1853
	3541
	1452
	414
	491
	202
	141
	38
	100
	11259

	1994
	1965
	2471
	1069
	1209
	382
	75
	85
	47
	30
	73
	7406

	1995
	1279
	1604
	1857
	444
	291
	74
	22
	16
	12
	63
	5663

	1996
	2315
	1046
	1262
	1307
	279
	145
	44
	12
	9
	58
	6477

	1997
	3654
	1889
	820
	822
	714
	158
	64
	24
	6
	53
	8205

	1998
	1431
	2986
	1416
	486
	353
	265
	55
	20
	8
	43
	7064

	1999
	3578
	1169
	2354
	876
	254
	148
	97
	25
	4
	37
	8542

	2000
	1478
	2923
	887
	1491
	416
	110
	67
	29
	8
	31
	7439

	2001
	1182
	1202
	2326
	625
	880
	205
	57
	35
	13
	28
	6555

	2002
	1791
	919
	860
	1456
	318
	363
	75
	18
	13
	27
	5839

	2003
	555
	1465
	741
	592
	799
	165
	160
	35
	7
	25
	4543

	2004
	4386
	454
	1166
	464
	270
	294
	63
	52
	12
	21
	7181

	2005
	645
	3572
	360
	823
	245
	90
	117
	20
	15
	19
	5906

	2006
	1778
	526
	2847
	245
	502
	152
	43
	62
	7
	22
	6186

	2007
	1516
	1453
	412
	2112
	133
	240
	83
	20
	35
	20
	6024

	2008
	988
	1240
	1122
	264
	1368
	82
	121
	58
	10
	39
	5291

	2009
	2500
	808
	978
	802
	160
	885
	52
	67
	43
	37
	6332


Table 16. Annual fishing mortality rate for eastern Georges Bank cod using the “split M 0.2” benchmark model formulation.

	Year/Age
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+
	F4-9

	1978
	0.001
	0.036
	0.458
	0.383
	0.395
	0.291
	0.255
	0.263
	0.256
	0.055
	0.360

	1979
	0.002
	0.102
	0.363
	0.351
	0.308
	0.320
	0.207
	0.185
	0.196
	0.031
	0.324

	1980
	0.001
	0.139
	0.280
	0.248
	0.397
	0.339
	0.282
	0.105
	0.211
	0.108
	0.328

	1981
	0.002
	0.113
	0.369
	0.357
	0.390
	0.394
	0.325
	0.539
	0.379
	0.083
	0.372

	1982
	0.003
	0.316
	0.451
	0.539
	0.599
	0.513
	0.585
	0.453
	0.543
	0.157
	0.558

	1983
	0.005
	0.206
	0.391
	0.610
	0.490
	0.458
	0.677
	0.584
	0.618
	0.268
	0.557

	1984
	0.001
	0.064
	0.337
	0.379
	0.566
	0.724
	0.683
	0.493
	0.655
	0.278
	0.480

	1985
	0.002
	0.316
	0.663
	0.511
	0.526
	0.616
	0.479
	0.641
	0.551
	0.154
	0.534

	1986
	0.002
	0.127
	0.444
	0.654
	0.549
	0.495
	0.305
	0.395
	0.338
	0.064
	0.538

	1987
	0.003
	0.267
	0.368
	0.425
	0.378
	0.423
	0.356
	0.301
	0.345
	0.058
	0.407

	1988
	0.002
	0.053
	0.477
	0.573
	0.654
	0.589
	0.829
	0.783
	0.801
	0.196
	0.642

	1989
	0.009
	0.071
	0.205
	0.435
	0.381
	0.676
	0.551
	0.776
	0.631
	0.166
	0.463

	1990
	0.003
	0.249
	0.528
	0.436
	0.617
	0.448
	0.660
	0.220
	0.587
	0.185
	0.526

	1991
	0.008
	0.247
	0.640
	0.740
	0.862
	0.829
	0.686
	0.727
	0.702
	0.229
	0.782

	1992
	0.031
	0.499
	0.614
	0.688
	0.960
	0.871
	1.093
	0.729
	1.036
	0.116
	0.888

	1993
	0.004
	0.350
	0.875
	1.135
	1.506
	1.550
	1.249
	1.355
	1.293
	0.240
	1.287

	1994
	0.003
	0.086
	0.679
	1.222
	1.437
	1.030
	1.482
	1.142
	1.361
	0.041
	1.272

	1995
	0.001
	0.040
	0.151
	0.264
	0.501
	0.317
	0.431
	0.324
	0.386
	0.005
	0.356

	1996
	0.003
	0.043
	0.228
	0.405
	0.372
	0.609
	0.403
	0.414
	0.406
	0.008
	0.416

	1997
	0.002
	0.088
	0.322
	0.645
	0.792
	0.859
	0.994
	0.898
	0.968
	0.036
	0.740

	1998
	0.003
	0.038
	0.280
	0.451
	0.669
	0.803
	0.599
	1.332
	0.792
	0.052
	0.618

	1999
	0.002
	0.075
	0.257
	0.546
	0.634
	0.591
	1.003
	0.976
	0.997
	0.024
	0.607

	2000
	0.006
	0.028
	0.150
	0.327
	0.506
	0.462
	0.455
	0.618
	0.504
	0.022
	0.378

	2001
	0.052
	0.135
	0.269
	0.477
	0.686
	0.809
	0.936
	0.775
	0.875
	0.042
	0.639

	2002
	0.001
	0.014
	0.174
	0.400
	0.458
	0.621
	0.567
	0.731
	0.599
	0.141
	0.453

	2003
	0.000
	0.029
	0.268
	0.584
	0.800
	0.761
	0.931
	0.894
	0.925
	0.079
	0.738

	2004
	0.005
	0.031
	0.148
	0.440
	0.897
	0.724
	0.937
	1.009
	0.969
	0.120
	0.677

	2005
	0.003
	0.027
	0.187
	0.294
	0.275
	0.533
	0.425
	0.834
	0.486
	0.090
	0.329

	2006
	0.002
	0.046
	0.099
	0.412
	0.538
	0.411
	0.595
	0.365
	0.460
	0.106
	0.480

	2007
	0.001
	0.058
	0.244
	0.235
	0.282
	0.483
	0.157
	0.522
	0.227
	0.032
	0.259

	2008
	0.001
	0.037
	0.136
	0.299
	0.236
	0.250
	0.386
	0.088
	0.290
	0.027
	0.250


Table 17. Beginning of year population biomass (thousands of mt) for eastern Georges Bank cod using the “split M 0.2” benchmark model formulation.

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

	1978
	1373
	2969
	17635
	14343
	7166
	4429
	5360
	942
	1137
	2927
	58281
	53939

	1979
	1135
	8729
	4602
	16851
	10257
	3788
	4179
	4289
	725
	3299
	57854
	47990

	1980
	2747
	5830
	14071
	4195
	16999
	8491
	2570
	2592
	3154
	3269
	63918
	55341

	1981
	1649
	6933
	10742
	15384
	4782
	12244
	6453
	3407
	2399
	5004
	68998
	60415

	1982
	523
	12378
	13203
	10155
	10851
	3428
	7941
	4117
	1379
	5518
	69492
	56592

	1983
	1134
	5243
	15911
	7023
	4979
	7133
	2132
	3888
	2554
	4753
	54751
	48373

	1984
	714
	2399
	6040
	11500
	3727
	3285
	3620
	976
	2108
	4543
	38913
	35799

	1985
	445
	7492
	6104
	5791
	9977
	3743
	2776
	2507
	768
	4094
	43697
	35760

	1986
	3099
	3215
	12055
	4302
	4368
	7275
	2110
	1442
	1171
	3248
	42284
	35970

	1987
	1140
	16308
	5124
	9761
	3228
	3143
	4766
	1139
	894
	3432
	48936
	31487

	1988
	2030
	5773
	21600
	5154
	8113
	2002
	1900
	3187
	1279
	3403
	54440
	46637

	1989
	640
	9066
	8216
	16966
	3394
	5329
	1105
	629
	1547
	2848
	49740
	40034

	1990
	1349
	2878
	15309
	9319
	14223
	2647
	2965
	652
	409
	2847
	52597
	48371

	1991
	770
	4597
	4551
	12701
	7219
	7052
	1740
	1469
	449
	2139
	42686
	37320

	1992
	296
	6025
	6704
	2811
	6522
	3604
	3592
	813
	573
	1660
	32599
	26278

	1993
	213
	1769
	6531
	4220
	1868
	2893
	1411
	1043
	348
	1456
	21752
	19771

	1994
	281
	1622
	1532
	3177
	1511
	561
	626
	410
	265
	1061
	11047
	9143

	1995
	234
	1274
	2947
	997
	1012
	349
	147
	126
	147
	925
	8158
	6651

	1996
	203
	876
	1959
	3395
	1091
	884
	242
	141
	112
	855
	9757
	8678

	1997
	694
	1354
	1389
	1790
	2297
	977
	400
	238
	64
	769
	9971
	7923

	1998
	112
	1941
	1957
	1098
	1072
	1196
	318
	152
	66
	636
	8548
	6496

	1999
	396
	1170
	3178
	1959
	754
	686
	633
	203
	36
	538
	9554
	7988

	2000
	89
	2618
	1408
	3468
	1344
	492
	436
	240
	87
	449
	10631
	7924

	2001
	12
	927
	3298
	1616
	3170
	1044
	393
	263
	132
	303
	11158
	10219

	2002
	28
	455
	1044
	3303
	1124
	1591
	438
	154
	132
	285
	8553
	8070

	2003
	9
	646
	846
	1114
	2433
	553
	818
	233
	55
	266
	6973
	6318

	2004
	95
	131
	1694
	1136
	932
	1201
	272
	326
	123
	226
	6134
	5908

	2005
	37
	2103
	421
	1457
	727
	297
	459
	155
	99
	203
	5958
	3818

	2006
	55
	162
	3278
	385
	1316
	484
	200
	292
	41
	234
	6447
	6231

	2007
	82
	909
	442
	3726
	348
	983
	478
	133
	283
	212
	7596
	6606

	2008
	45
	715
	1628
	539
	3426
	284
	505
	458
	96
	416
	8111
	7351

	2009
	103
	606
	1466
	2117
	448
	3284
	260
	377
	391
	394
	9445
	8737


Table 18. Beginning of year population abundance (numbers in thousands) for eastern Georges Bank cod using the “split M 0.5” benchmark model formulation.

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

	1978
	12300
	3350
	10862
	4025
	1324
	709
	621
	105
	111
	200
	33607

	1979
	10102
	10063
	2645
	5626
	2247
	730
	434
	394
	66
	225
	32533

	1980
	9944
	8257
	7437
	1506
	3242
	1352
	434
	289
	268
	223
	32953

	1981
	17443
	8136
	5884
	4604
	962
	1785
	789
	268
	213
	342
	40425

	1982
	5682
	14250
	5951
	3330
	2638
	533
	985
	467
	128
	377
	34342

	1983
	5072
	4639
	8508
	3105
	1590
	1187
	262
	449
	243
	325
	25380

	1984
	14192
	4133
	3093
	4712
	1382
	798
	615
	109
	205
	311
	29549

	1985
	5140
	11604
	3175
	1808
	2642
	643
	317
	254
	54
	280
	25920

	1986
	23704
	4200
	6931
	1342
	889
	1280
	284
	161
	110
	222
	39125

	1987
	7727
	19370
	3033
	3643
	573
	421
	640
	172
	89
	235
	35902

	1988
	13489
	6306
	12158
	1724
	1953
	322
	226
	367
	104
	233
	36883

	1989
	4639
	11023
	4902
	6197
	802
	834
	148
	81
	138
	196
	28962

	1990
	6514
	3767
	8410
	3283
	3299
	453
	350
	70
	31
	197
	26374

	1991
	8998
	5315
	2424
	4094
	1757
	1472
	240
	150
	47
	148
	24645

	1992
	2614
	7308
	3432
	1081
	1635
	633
	540
	103
	61
	117
	17524

	1993
	3447
	2082
	3694
	1577
	475
	546
	238
	162
	44
	105
	12369

	1994
	2332
	2813
	1257
	1332
	483
	124
	129
	77
	46
	82
	8674

	1995
	1506
	1904
	2137
	596
	391
	155
	41
	33
	24
	60
	6848

	1996
	2691
	1232
	1507
	1537
	404
	226
	80
	20
	17
	48
	7761

	1997
	4349
	2197
	972
	1023
	902
	259
	91
	38
	9
	37
	9878

	1998
	1717
	3555
	1668
	611
	517
	417
	94
	27
	13
	24
	8644

	1999
	4340
	1403
	2820
	1082
	355
	281
	152
	40
	7
	18
	10499

	2000
	1718
	3547
	1079
	1872
	584
	193
	125
	49
	14
	12
	9193

	2001
	1505
	1399
	2837
	782
	1192
	342
	89
	59
	21
	13
	8239

	2002
	2461
	1183
	1021
	1874
	446
	617
	129
	30
	22
	15
	7797

	2003
	709
	2014
	958
	724
	1140
	269
	257
	56
	12
	16
	6155

	2004
	5760
	581
	1615
	641
	378
	572
	102
	89
	19
	12
	9769

	2005
	798
	4696
	464
	1191
	389
	177
	241
	36
	31
	13
	8036

	2006
	2189
	652
	3768
	330
	803
	271
	82
	118
	14
	21
	8247

	2007
	1853
	1790
	514
	2866
	202
	486
	128
	36
	58
	18
	7952

	2008
	1203
	1516
	1398
	348
	1985
	139
	230
	70
	16
	41
	6945

	2009
	2500
	984
	1204
	1027
	229
	1389
	71
	113
	39
	32
	7589


Table 19. Annual fishing mortality rate for eastern Georges Bank cod using the “split M 0.5” benchmark model formulation.

	Year/Age
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+
	F4-9

	1978
	0.001
	0.036
	0.458
	0.383
	0.395
	0.291
	0.255
	0.263
	0.256
	0.055
	0.360

	1979
	0.002
	0.102
	0.363
	0.351
	0.308
	0.320
	0.207
	0.185
	0.196
	0.031
	0.324

	1980
	0.001
	0.139
	0.279
	0.248
	0.397
	0.339
	0.282
	0.105
	0.211
	0.108
	0.328

	1981
	0.002
	0.113
	0.369
	0.357
	0.390
	0.394
	0.325
	0.539
	0.379
	0.083
	0.372

	1982
	0.003
	0.316
	0.450
	0.539
	0.598
	0.512
	0.585
	0.453
	0.543
	0.157
	0.557

	1983
	0.005
	0.205
	0.391
	0.610
	0.490
	0.458
	0.676
	0.584
	0.618
	0.268
	0.556

	1984
	0.001
	0.063
	0.337
	0.378
	0.566
	0.723
	0.683
	0.493
	0.654
	0.278
	0.479

	1985
	0.002
	0.315
	0.662
	0.510
	0.525
	0.615
	0.478
	0.640
	0.550
	0.154
	0.533

	1986
	0.002
	0.126
	0.443
	0.651
	0.548
	0.493
	0.304
	0.393
	0.337
	0.064
	0.536

	1987
	0.003
	0.266
	0.365
	0.423
	0.375
	0.422
	0.355
	0.300
	0.343
	0.058
	0.405

	1988
	0.002
	0.052
	0.474
	0.565
	0.651
	0.582
	0.825
	0.777
	0.795
	0.195
	0.636

	1989
	0.008
	0.071
	0.201
	0.430
	0.373
	0.669
	0.540
	0.767
	0.620
	0.165
	0.458

	1990
	0.003
	0.241
	0.520
	0.425
	0.607
	0.434
	0.648
	0.213
	0.575
	0.183
	0.515

	1991
	0.008
	0.237
	0.607
	0.718
	0.821
	0.803
	0.649
	0.700
	0.668
	0.225
	0.755

	1992
	0.028
	0.482
	0.577
	0.623
	0.896
	0.778
	1.006
	0.653
	0.949
	0.112
	0.814

	1993
	0.003
	0.305
	0.820
	0.983
	1.146
	1.244
	0.933
	1.052
	0.981
	0.227
	1.055

	1994
	0.003
	0.075
	0.545
	1.027
	0.935
	0.593
	0.873
	0.654
	0.791
	0.042
	0.955

	1995
	0.001
	0.034
	0.130
	0.190
	0.349
	0.162
	0.240
	0.168
	0.208
	0.006
	0.238

	1996
	0.003
	0.037
	0.187
	0.333
	0.242
	0.407
	0.237
	0.262
	0.242
	0.012
	0.320

	1997
	0.002
	0.076
	0.264
	0.483
	0.570
	0.512
	0.707
	0.559
	0.663
	0.059
	0.531

	1998
	0.002
	0.032
	0.233
	0.342
	0.408
	0.511
	0.355
	0.911
	0.480
	0.112
	0.415

	1999
	0.002
	0.062
	0.210
	0.417
	0.410
	0.314
	0.621
	0.573
	0.611
	0.057
	0.421

	2000
	0.005
	0.023
	0.122
	0.251
	0.333
	0.278
	0.256
	0.373
	0.289
	0.062
	0.273

	2001
	0.041
	0.115
	0.215
	0.362
	0.459
	0.478
	0.588
	0.459
	0.536
	0.106
	0.436

	2002
	0.000
	0.011
	0.144
	0.297
	0.305
	0.374
	0.340
	0.450
	0.361
	0.320
	0.317

	2003
	0.000
	0.021
	0.201
	0.450
	0.491
	0.466
	0.562
	0.549
	0.559
	0.147
	0.485

	2004
	0.004
	0.024
	0.105
	0.299
	0.555
	0.362
	0.557
	0.547
	0.552
	0.251
	0.402

	2005
	0.002
	0.020
	0.142
	0.194
	0.164
	0.276
	0.214
	0.459
	0.245
	0.159
	0.203

	2006
	0.002
	0.037
	0.074
	0.289
	0.303
	0.245
	0.319
	0.206
	0.252
	0.126
	0.284

	2007
	0.001
	0.047
	0.191
	0.168
	0.176
	0.245
	0.114
	0.293
	0.153
	0.041
	0.177

	2008
	0.001
	0.030
	0.108
	0.219
	0.156
	0.162
	0.215
	0.084
	0.185
	0.030
	0.168


Table 20. Beginning of year population biomass (thousands of mt) for eastern Georges Bank cod using the “split M 0.5” benchmark model formulation.
	Year/Age
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+
	1+
	3+

	1978
	1374
	2969
	17636
	14344
	7166
	4429
	5360
	942
	1138
	2927
	58285
	53942

	1979
	1135
	8730
	4602
	16852
	10258
	3789
	4179
	4290
	725
	3299
	57859
	47994

	1980
	2748
	5831
	14073
	4196
	17001
	8492
	2570
	2593
	3154
	3269
	63927
	55348

	1981
	1650
	6935
	10744
	15387
	4783
	12246
	6454
	3408
	2400
	5005
	69012
	60426

	1982
	523
	12384
	13207
	10158
	10853
	3429
	7943
	4119
	1380
	5519
	69514
	56607

	1983
	1136
	5246
	15922
	7026
	4981
	7136
	2133
	3889
	2555
	4754
	54780
	48398

	1984
	715
	2403
	6043
	11512
	3730
	3288
	3622
	977
	2109
	4545
	38946
	35827

	1985
	448
	7501
	6115
	5796
	9992
	3748
	2781
	2510
	769
	4098
	43757
	35808

	1986
	3110
	3235
	12073
	4316
	4374
	7293
	2115
	1446
	1174
	3252
	42389
	36044

	1987
	1159
	16369
	5160
	9784
	3249
	3150
	4786
	1144
	898
	3438
	49136
	31608

	1988
	2053
	5868
	21704
	5206
	8143
	2020
	1906
	3206
	1285
	3413
	54804
	46883

	1989
	660
	9170
	8358
	17097
	3455
	5366
	1123
	634
	1567
	2863
	50293
	40463

	1990
	1398
	2966
	15499
	9518
	14392
	2716
	3005
	670
	416
	2879
	53460
	49096

	1991
	790
	4766
	4730
	12967
	7456
	7207
	1811
	1508
	464
	2171
	43871
	38315

	1992
	332
	6184
	7020
	3020
	6805
	3880
	3770
	879
	604
	1705
	34199
	27684

	1993
	242
	1987
	6813
	4586
	2142
	3217
	1667
	1195
	406
	1530
	23786
	21557

	1994
	334
	1847
	1801
	3503
	1910
	921
	945
	664
	410
	1195
	13531
	11350

	1995
	275
	1512
	3392
	1339
	1357
	729
	277
	259
	288
	881
	10309
	8522

	1996
	236
	1032
	2340
	3991
	1578
	1379
	437
	238
	200
	705
	12136
	10868

	1997
	826
	1575
	1647
	2227
	2901
	1608
	565
	376
	94
	540
	12357
	9956

	1998
	134
	2311
	2305
	1380
	1568
	1884
	550
	212
	109
	351
	10804
	8359

	1999
	481
	1404
	3807
	2421
	1057
	1304
	989
	331
	56
	263
	12112
	10227

	2000
	104
	3177
	1712
	4354
	1888
	862
	811
	406
	158
	183
	13654
	10373

	2001
	15
	1079
	4022
	2021
	4292
	1743
	613
	442
	212
	143
	14582
	13488

	2002
	39
	585
	1239
	4251
	1578
	2703
	754
	252
	225
	156
	11782
	11158

	2003
	11
	888
	1093
	1362
	3474
	905
	1318
	372
	89
	170
	9681
	8782

	2004
	124
	167
	2348
	1569
	1303
	2335
	442
	563
	205
	132
	9188
	8896

	2005
	46
	2765
	542
	2108
	1157
	585
	950
	272
	202
	135
	8761
	5950

	2006
	67
	200
	4338
	519
	2104
	861
	377
	554
	78
	228
	9326
	9058

	2007
	100
	1119
	552
	5055
	530
	1990
	743
	245
	466
	191
	10991
	9772

	2008
	55
	874
	2027
	710
	4970
	481
	960
	551
	164
	436
	11228
	10299

	2009
	103
	738
	1805
	2712
	640
	5157
	356
	631
	349
	344
	12835
	11994


Table 21. Post-1994 age 3+ population biomass(mt) and age 1 recruitment(thousands) and comparison with pre-1994 data. Yellow: weakest year classes, Red: 2003 strong year class

	Year/Year class
	Recruitment at age 1
	 
	3+ biomass

	
	split M 0.2
	split M 0.5
	
	split M 0.2
	split M 0.5

	1994
	1279
	1506
	
	9143
	11350

	1995
	2315
	2691
	
	6651
	8522

	1996
	3654
	4349
	
	8678
	10868

	1997
	1431
	1717
	
	7923
	9956

	1998
	3578
	4340
	
	6496
	8359

	1999
	1478
	1718
	
	7988
	10227

	2000
	1182
	1505
	
	7924
	10373

	2001
	1791
	2461
	
	10219
	13488

	2002
	555
	709
	
	8070
	11158

	2003
	4386
	5760
	
	6318
	8782

	2004
	645
	798
	
	5908
	8896

	2005
	1778
	2189
	
	3818
	5950

	2006
	1516
	1853
	
	6231
	9058

	2007
	988
	1203
	
	6606
	9772

	2008
	
	
	
	7351
	10299

	2009
	
	
	
	8737
	11994

	average 1978-1993
	8684
	8815
	
	42505
	42875

	average 1994-2007
	1898
	2343
	
	7284
	9769

	Min 1978-2007
	555
	709
	
	3818
	5950

	Max 1978-2007
	23617
	23704
	 
	60415
	60426


Table 22. Projection inputs for eastern Georges Bank cod using the benchmark model formulations.

	
	Age Group

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+

	Natural Mortality("split M 0.2" model)

	2009-2010
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	
	
	
	
	
	
	
	
	
	
	

	Natural Mortality("split M 0.5" model)

	2009-2010
	0.2
	0.2
	0.2
	0.2
	0.2
	0.5
	0.5
	0.5
	0.5
	0.5

	
	
	
	
	
	
	
	
	
	
	

	Fishery Partial Recruitment("split M 0.2" model)

	2009-2010
	0.01
	0.1
	0.5
	0.9
	1
	1
	1
	1
	1
	0.2

	
	
	
	
	
	
	
	
	
	
	

	Fishery Partial Recruitment("split M 0.5" model)

	2009-2010
	0.01
	0.1
	0.6
	1
	1
	1
	1
	1
	1
	0.5

	
	
	
	
	
	
	
	
	
	
	

	Fishery Weight at Age

	2009-2010
	0.28
	0.90
	1.61
	2.40
	3.31
	4.24
	5.76
	6.47
	7.24
	8.48

	
	
	
	
	
	
	
	
	
	
	

	Population Beginning of Year Weight at Age

	2010-2011
	0.05
	0.65
	1.34
	2.15
	2.64
	3.76
	4.98
	6.78
	9.02
	10.69


Table 23. Deterministic projection results for eastern Georges Bank cod from benchmark model formulations.
a. “split M 0.2” model
	
	Age Group
	
	

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

	Projected Population Numbers
	
	

	2009
	2500
	796
	999
	815
	161
	888
	53
	68
	44
	37
	
	

	2010
	2500
	2042
	635
	723
	534
	103
	569
	34
	44
	57
	
	

	2011
	2500
	2043
	1642
	476
	504
	365
	70
	389
	23
	75
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Fishing Mortality
	
	

	2009
	0.002
	0.025
	0.123
	0.221
	0.246
	0.246
	0.246
	0.246
	0.246
	0.049
	
	

	2010
	0.002
	0.018
	0.09
	0.162
	0.18
	0.18
	0.18
	0.18
	0.18
	0.036
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Projected Population Biomass
	
	

	2009
	100
	597
	1499
	2150
	449
	3296
	263
	382
	396
	399
	9531
	9431

	2010
	125
	1327
	852
	1555
	1411
	386
	2832
	229
	395
	611
	9724
	7336

	2011
	125
	1328
	2200
	1022
	1330
	1374
	350
	2637
	209
	802
	11378
	7420

	
	
	
	
	
	
	
	
	
	
	
	
	

	Projected Catch Numbers
	
	

	2009
	6
	18
	105
	147
	32
	176
	10
	14
	9
	2
	
	

	2010
	4
	33
	50
	98
	80
	15
	85
	5
	7
	2
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Projected Catch Biomass
	
	

	2009
	2
	17
	190
	371
	107
	778
	63
	92
	63
	17
	1700
	

	2010
	1
	32
	90
	248
	268
	68
	515
	34
	47
	20
	1323
	 


b. “split M 0.5” model

	
	Age Group
	
	

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

	Projected Population Numbers
	
	

	2009
	2500
	1010
	1205
	1045
	229
	1389
	72
	112
	38
	32
	
	

	2010
	2500
	2043
	813
	888
	718
	157
	707
	37
	57
	37
	
	

	2011
	2500
	2043
	1643
	597
	608
	491
	80
	358
	19
	50
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Fishing Mortality
	
	

	2009
	0.002
	0.018
	0.105
	0.175
	0.175
	0.175
	0.175
	0.175
	0.175
	0.088
	
	

	2010
	0.002
	0.018
	0.108
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.09
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Projected Population Biomass
	
	

	2009
	100
	758
	1808
	2759
	640
	5152
	358
	629
	347
	343
	12893
	10228

	2010
	125
	1328
	1089
	1910
	1896
	590
	3521
	248
	517
	400
	11625
	9083

	2011
	125
	1328
	2202
	1284
	1604
	1847
	396
	2429
	167
	532
	11914
	8260

	
	
	
	
	
	
	
	
	
	
	
	
	

	Projected Catch Numbers
	
	

	2009
	4
	16
	109
	153
	33
	177
	9
	14
	5
	2
	
	

	2010
	4
	33
	76
	133
	108
	20
	92
	5
	7
	3
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Projected Catch Biomass
	
	

	2009
	1
	16
	197
	384
	112
	779
	55
	97
	35
	23
	1700
	

	2010
	1
	32
	136
	335
	360
	90
	558
	33
	54
	27
	1628
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Figure 1. Fisheries statistical unit areas in NAFO Subdivision 5Ze. The eastern Georges Bank management unit is outlined by a heavy black line.
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Figure 2. Catches (mt) of cod from eastern Georges Bank during 1978-2008. 
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Figure 3. Canadian and USA landings and discards of cod from eastern Georges Bank during 1978-2008.
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Figure 4. Canadian gear specific landings of cod from eastern Georges Bank during 1978-2008.
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Figure 5.  Canadian and USA quarterly landings of cod from eastern Georges Bank during 1978-2008.
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Figure 6. 
Landings (wide bars) and sampling (narrow dark bars) of cod by gear and month from the 2008 Canadian groundfish fishery on eastern Georges Bank.
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Figure 7. Comparison of cod length composition from port and sea sampling for the 2008 Canadian fishery on eastern Georges Bank.
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Figure 8. Cod catches at length by gear from the 2008 Canadian fisheries on eastern Georges Bank. 
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Figure 9. Cod landings and discards at length from the 2008 Canadian fisheries on eastern Georges Bank.
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Figure 10. Cod landings and discards at length from the 2008 USA fisheries on eastern Georges Bank.
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Figure 11. Catch composition from the 2007 Canadian and USA fisheries on eastern Georges Bank.
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Figure 12. Catch at age for landings and discards of cod from the 2008 fisheries on eastern Georges Bank.
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Figure 13. 
Total catch at age (numbers) of cod(left) and proportion catch at age from eastern Georges Bank for 1978 to 2008. The bubble area is proportional to magnitude.  The green circles are the 2003 year class.
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Figure 14. Average weights at ages 2 to 8 of cod from eastern Georges Bank fishery (1978 to 2008).
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Figure 15. 
Stratification used for NMFS surveys. The eastern Georges Bank management unit is indicated by shading.
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Figure 16. 
Stratification used for the DFO survey. The eastern Georges Bank management unit is indicated by shading.
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Figure 17. Spatial distribution of cod on eastern Georges Bank from the DFO survey for 2009 (right panel) compared to the average for 1999-2008 (left panel).
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Figure 18. 
Spatial distribution of cod on eastern Georges Bank from the NMFS autumn survey for 2008 (right panel) compared to the average for 1998-2007 (left panel).
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Figure 19. 
Survey abundance at age (numbers) of eastern Georges Bank cod. The bubble area is proportional to magnitude within each survey. Conversion factors to account for changes in door type and survey vessel were applied to the NMFS surveys. The NMFS spring survey was conducted using a modified Yankee 41 during 1978 to 1981 (yellow bubbles). The 2003 year class is identified with green bubbles, and the 2005 and 2006 year class with blue bubbles.
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Figure 20. Survey biomass index and smoothed trend(black line)  for different age group of eastern Georges Bank cod.
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Figure 21. Beginning of year weight at age of eastern Georges Bank cod from DFO and NMFS spring survey. The red points are from 2009 DFO survey.
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Figure 22. Condition, measured as average weight at three representative length groupings (center of 3 cm grouping used in label), for eastern Georges Bank cod from the DFO survey.
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Figure 23. Survey catchability (q) for the DFO, NMFS Spring and NMFS fall surveys from the “split M 0.2” and “split M 0.5”model formulation.
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Figure 24.  Assessment biomass trends comparison with DFO, NMFS Spring and NMFS fall surveys. 
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Figure 25. Residuals by year and age group from survey indices for eastern Georges Bank cod. Solid bubbles indicate positive values, open bubbles indicate negative values and bubble area is proportional to magnitude. The NMFS spring survey was conducted using a modified Yankee 41 during 1978 to 1981 (pale blue bubbles).  The upper figures are from the “split M 0.2” model, the under figures from the “split M 0.5” model.
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Figure 26. Adult biomass (ages 3+) and year class abundance at age 1 for eastern Georges Bank cod, 
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Figure 27. Fishing mortality rate at ages 4 to 9 and catches for eastern Georges Bank cod. The established fishing mortality threshold reference, Fref=0.18, is indicated.
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Figure 28. Retrospective pattern for recruitment at age 1, 3+ biomass and Fishing mortality of eastern Georges Bank cod.
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Figure 29. Relative retrospective pattern for recruitment at age 1, 3+ biomass and Fishing mortality of eastern Georges Bank cod.
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Figure 30. Components of annual production for eastern Georges Bank cod attributable to growth of ages 2 to 10 and to the amount contributed from incoming year classes at age 2.
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Figure 31. Surplus production of eastern Georges Bank cod compared to harvested yield.
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Figure 32. Relationship between adult biomass (ages 3+) and recruits at age 1 for eastern Georges Bank cod.
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Figure 33. Recruitment rate(R/3+biomass) for eastern Georges Bank cod.
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Figure 34. Population numbers from 2009 assessment of eastern Georges Bank cod. Bubble size are proportional to population numbers, green bubbles are 2003 year class.
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Figure 35. Risk of 2009 fishing mortality exceeding Fref = 0.18 and risk of biomass not increasing or not increasing by 10% for alternative total yields of eastern Georges Bank cod.
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Figure 36.  Projected fishery catch(in fish numbers) age composition of eastern Georges Bank in 2009 and 2010 if the catch is 1,700 mt in 2009 and F2010=0.18.
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Figure 37. Projected fish population(in biomass) age composition of eastern Georges Bank in 2010 and 2011 if the catch is 1,700 mt in 2009 and F2010=0.18.
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