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Introduction

At the 2003 assessment review of the Gulf of Maine/Georges Bank herring complex, two assessment approaches, one of which was a VPA, were investigated. The results diverged substantially, however the root of that divergence was not entirely apparent. In this paper, alternative VPA formulations were investigated to explore the range of results that could be obtained. This range encloses the results obtained at the 2003 assessment. Because a single model structure was employed, it was easier to compare assumptions and implications for the range of results.

Data

The fishery, surveys and data used in these exploratory VPA formulations is described in Overholtz et al (2006). Some features are noteworthy. There was a rather abrupt disappearance of older ages in the catch at age during the early 1970s and the numbers in the 11+ group seem low in relation to younger ages (Table 1, Figure 1). Some year classes can be tracked but there are inconsistencies. Some of the largest catches at age 2 occurred from the mid 1970s to the mid 1980s but catches of these year classes at older ages is almost non-existent. The larger catches at ages 6, 7 and 8 around 1995-97 seem anomalous. As noted in the assessment review of 2003, there appears to be a change in catchability for the NMFS spring and fall surveys around 1985 (Figures 2 and 3). This is most extreme for the fall survey. Both surveys also display fairly large catches at younger ages, but these do not persist beyond about age 7. Some year classes that are dominant in the surveys did not appear strong in the catch at age. The NMFS winter survey starts in the early 1990s and it also shows low catches beyond about age 7 (Figure 4). The NMFS acoustic survey, in contrast, shows relatively higher catches at older ages and year classes that appeared strong in the catch at age are weaker here (Figure 5). The DFO survey appears most inconsistent in relation to these other surveys showing very low catches in the last few years at all ages (Figure 6).

Methods and Results

The adaptive framework, ADAPT, (Gavaris 1988) was used to calibrate the virtual population analysis with the research survey data. It was assumed that observation errors for the catch at age data were negligible. Observation errors for the abundance indices were assumed to be independent and identically distributed after taking natural logarithms of the values. The annual natural mortality rate, M, was assumed constant and equal to 0.2.
The VPA was based on annual catch at age, Ca,t, (Table 1). The VPA was calibrated to bottom trawl survey, acoustic survey and larval survey abundance indices, Is,a,t. The trawl and acoustic surveys were age disaggregated and taken as indices of population numbers while the larval indices were taken as indices of spawning biomass.
Model Formulations using Ages 1-10

Two model formulations used catch data for ages 1-10 in all years and all the indices excepting the DFO bottom trawl survey index. One formulation assumed that the fishing mortality for age 10 was equal to the average fishing mortality on ages 7-9, as was done at the 2003 assessment review. The other formulation, in addition to estimating population abundance at age in 2006 and index catchabilities, estimated the abundance of age 11 for all years save 1992-94 (year classes tended to zero, set to a small value) and 1967-68 (no indices to estimate, set arbitrarily but have no impact).

Figures 7-9 illustrate that results for post 1985 years are very sensitive to the treatment of the oldest age in the VPA. The pre 1985 results are very similar. These results illustrate that the linkage between pre and post 1985 data are very weak. Breaks in the indices occur in the mid 1980s and this is about the time that the stock complex was at it’s lowest abundance, therefore year classes spanning this period do not persist over many years (Figure 10). In essence, we have two disjunct periods, each of them as a “one way” trip. The early period shows declining abundance and results are robust to these two model assumptions. The latter period shows increasing abundance, but the scale of that increase is very sensitive to model assumptions.

Further diagnostics were examined only for post 1985 indices as the results for early years were similar. Residuals are somewhat better behaved when estimating age 11 abundance, due in part to the greater latitude offered by more parameters being estimated (Figure 12). However, some of the troubling features persist in both formulations. The large negative (or absent) residuals at older ages in the earlier years is notable. Index catchability patterns by age display pathologic features for both formulations (Figure 13). The estimate 11 option shows dome shaped catchability, implying that the fish are there in great abundance but the surveys do not pick them up. The average F option displays very high cathabilities at the oldest ages, implying that abundance is low but availability to the survey increases substantially, i.e. the catch at age implies more rapid depletion than the surveys if the fishing mortality on age 10 is assumed equal to the average for ages 7-9. The fishery partial recruitment also displays troubling patterns by age (Figure 14). The estimate 11 option results in a severely domed age pattern, implying that the fish are abundant but not available to the fishery. The high partial recruitment at older ages for the average F option reflects high fishing mortality at older ages, a consequence of the VPA trying to account for the absence of older fish in the catch at age, particularly in recent years. 
Model Formulations using Ages 1-6 plus

It was postulated during the 2003 assessment review that aggregating older ages might resolve some discrepancies if the contradictory signals were associated with age mis-classification at older ages. The next two formulations used post 1985 data and a 6 plus group. One assumed that fishing mortality on age 5 was equal to the average fishing mortality on ages 2-4. The other estimated abundance of age 5 in all years save 1985-90 (convergence was not achieved when attempting to estimate all years). Post 1985 data were used because the assumption that fishing mortality on age 5 is equal to the average fishing mortality on ages 2-4 was not tenable in earlier years (Table 2).

Results from these formulations indicate that the scale of the post 1985 increase remains very sensitive to the assumptions (Figure 15). The index catchability  and the fishery partial recruitment continue to display domed patterns for the formulation where age 5 is estimated (Figures 16 and 17). The increased index catchability at older ages for the average F 5 option is moderated somewhat but the partial recruitment, and therefore the fishing mortality, for the 6 plus group is 2-3 times higher than younger ages in recent years.

Discussion

VPA calculations place much emphasis on the total catch and on the age composition of the catch. The age composition of the catch declines more rapidly at older ages than would be expected with a natural mortality of 0.2 and constant availability to the fishery. The survey age compositions, with the exception of the acoustics, show a similar pattern. What is the significance of this depletion? Should the age composition data be dismissed? 

If assumptions are relaxed, i.e. more parameters are estimated, the index trends can be fit better by higher population abundance. The high abundance is required to fit the high indices of abundance at younger ages since 1985. The implications are that this good recruitment translates into high abundance at older ages which is not observable by either the fishery or the surveys. In essence, this model treats the depletion at older ages as a decline in availability (selection against older ages is not a feature of the fishing and survey gear), perhaps due to location of the fishery if fish segregate by age. The fishing mortality rate at older ages is very low in recent years despite high abundance. Location of fishery may be a factor, but this may not be a plausible argument for surveys.

Making an assumption about the fishery partial recruitment pattern by age results in less domed index catchability at the older ages, an intuitively appealing feature, but sacrifices the fit to the indices. The increase in abundance since 1985 is greatly moderated if this assumption is made.

Given the tension between residual fit versus diagnostics on index catchability and fishery partial recruitment patterns at age, the data do not appear to be particularly informative about the scale of the increase since 1985. This is a typical feature of “one way” trips, as the contrast is absent. The scale of increase in any model will be highly dependent on assumptions. These assumptions and their implications should be well understood.

The differences in model results will be somewhat mitigated in the projection outlook if the respective recent fishery partial recruitment patterns are used. Specifically, the more optimistic assessment will have high biomass but this will not translate into catch since the older ages are not available to the fishery. The extent to which this mitigation brings projection results closer has not been examined yet. Models that do not explicitly include age structured fishery partial recruitment patterns may not display this compensation. Upward adjustment of the fishing mortality reference point to account for lower fishery partial recruitment at older ages is not advisable given the uncertainties. All model formulations exhibited high variance in the survey fits which translates into high uncertainty and bias for the point estimates. The bias is not insignificant and should be considered when generating advice.
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Table 1. Catch at age for Gulf of Maine/Georges Bank herring complex.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11+

	1967
	136.6
	424.1
	228.6
	208.8
	130.5
	270.3
	389.4
	50.2
	11.6
	10.4
	0.2

	1968
	15.5
	1392.4
	277.2
	180.6
	397.2
	266.9
	464.7
	356.1
	25.1
	9.1
	0.7

	1969
	71.5
	581.8
	397.6
	234.3
	300.7
	309.6
	216.9
	215.3
	130.0
	29.3
	1.0

	1970
	6.0
	494.4
	190.0
	492.9
	296.2
	151.8
	128.1
	79.2
	50.8
	32.4
	2.9

	1971
	154.7
	233.4
	410.4
	327.9
	333.3
	221.8
	135.9
	69.4
	26.4
	30.4
	3.5

	1972
	8.3
	1001.0
	64.7
	165.2
	261.7
	209.5
	126.2
	55.6
	32.2
	23.7
	1.7

	1973
	37.4
	351.2
	1301.4
	294.0
	76.9
	47.3
	36.2
	19.6
	4.9
	5.6
	0.3

	1974
	34.6
	429.3
	146.9
	750.4
	78.7
	18.4
	9.1
	5.6
	3.1
	0.5
	0.4

	1975
	45.1
	645.9
	117.7
	112.1
	610.4
	46.3
	17.4
	9.4
	5.6
	0.7
	0.4

	1976
	75.4
	531.3
	249.3
	47.3
	49.4
	208.9
	10.4
	3.4
	2.6
	0.7
	0.2

	1977
	597.2
	579.3
	83.3
	70.6
	21.0
	18.5
	49.7
	2.6
	0.7
	0.4
	0.3

	1978
	269.8
	1222.5
	138.4
	26.1
	42.9
	6.2
	8.3
	32.2
	1.1
	0.7
	0.2

	1979
	6.6
	1174.2
	422.5
	57.7
	16.1
	17.1
	6.2
	4.5
	7.1
	0.3
	0.0

	1980
	343.2
	230.1
	363.2
	185.1
	21.8
	6.2
	8.2
	0.9
	0.7
	4.5
	0.1

	1981
	61.7
	1169.2
	34.4
	68.1
	46.9
	4.9
	1.4
	1.2
	0.1
	0.1
	0.8

	1982
	52.7
	669.5
	110.1
	6.7
	30.3
	19.3
	2.2
	0.4
	0.8
	0.1
	0.2

	1983
	32.8
	267.5
	59.1
	28.9
	1.3
	6.6
	7.4
	0.3
	0.2
	0.1
	0.0

	1984
	18.9
	185.0
	133.1
	40.3
	28.5
	2.1
	4.3
	1.7
	0.5
	0.1
	0.0

	1985
	30.2
	562.8
	84.3
	51.1
	27.2
	13.6
	1.2
	2.4
	0.7
	0.0
	0.1

	1986
	40.7
	247.5
	225.2
	48.5
	38.0
	16.3
	7.7
	0.4
	0.5
	0.1
	0.4

	1987
	51.0
	223.8
	134.8
	180.5
	44.9
	18.4
	5.7
	2.4
	0.2
	0.3
	0.0

	1988
	79.3
	502.3
	110.9
	62.1
	126.6
	34.9
	9.1
	2.2
	1.1
	0.1
	0.1

	1989
	27.1
	460.2
	166.0
	108.1
	81.3
	180.7
	29.3
	8.4
	2.2
	0.2
	0.3

	1990
	12.6
	571.1
	220.6
	89.4
	38.0
	43.2
	82.5
	28.5
	14.7
	4.3
	1.4

	1991
	5.5
	461.8
	180.4
	101.7
	65.3
	33.3
	23.3
	21.5
	9.8
	3.4
	1.4

	1992
	0.8
	546.8
	219.6
	94.2
	88.1
	56.0
	26.7
	16.6
	13.8
	3.8
	0.0

	1993
	1.7
	383.9
	243.5
	101.5
	88.6
	50.7
	34.7
	17.5
	5.6
	2.5
	0.5

	1994
	2.0
	423.5
	176.1
	72.7
	85.3
	71.4
	37.3
	19.3
	6.2
	1.9
	0.4

	1995
	59.2
	465.3
	133.6
	53.3
	37.9
	83.6
	91.5
	56.2
	17.3
	3.4
	0.9

	1996
	5.8
	619.7
	160.6
	71.1
	78.7
	170.9
	99.9
	28.6
	6.4
	2.3
	0.2

	1997
	10.8
	317.4
	637.1
	89.2
	48.9
	64.1
	71.7
	17.1
	2.5
	0.0
	0.1

	1998
	0.4
	628.3
	145.9
	331.3
	59.5
	31.1
	31.9
	16.1
	5.8
	1.6
	0.3

	1999
	4.8
	175.6
	395.3
	127.5
	227.8
	82.0
	35.5
	19.6
	4.5
	0.4
	0.0

	2000
	3.9
	445.1
	54.7
	128.7
	161.4
	177.2
	44.2
	15.4
	2.8
	1.0
	0.4

	2001
	1.2
	193.8
	494.7
	59.6
	102.8
	129.1
	136.2
	26.8
	5.2
	0.5
	0.1

	2002
	47.5
	272.9
	126.6
	281.1
	102.4
	76.8
	75.1
	36.5
	4.5
	0.4
	0.0

	2003
	11.7
	386.5
	179.3
	71.0
	212.4
	75.2
	68.1
	35.1
	8.4
	0.8
	0.0

	2004
	6.6
	339.0
	497.7
	122.5
	80.6
	87.3
	44.0
	10.8
	0.8
	0.2
	0.2

	2005
	1.1
	164.8
	453.9
	255.2
	67.4
	58.7
	40.9
	7.2
	1.2
	0.1
	0.0


Table 2. Fishing mortality estimates from the formulation using average F for age 10.

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1967
	0.029
	0.182
	0.151
	0.136
	0.132
	0.223
	0.419
	0.389
	0.442
	0.416

	1968
	0.007
	0.453
	0.173
	0.170
	0.410
	0.434
	0.732
	0.863
	0.344
	0.761

	1969
	0.039
	0.355
	0.224
	0.217
	0.472
	0.655
	0.767
	0.938
	0.941
	0.867

	1970
	0.005
	0.405
	0.187
	0.476
	0.466
	0.465
	0.631
	0.723
	0.598
	0.650

	1971
	0.023
	0.256
	0.701
	0.564
	0.695
	0.777
	1.025
	0.866
	0.567
	0.905

	1972
	0.008
	0.199
	0.104
	0.692
	1.307
	1.437
	1.639
	2.106
	1.488
	1.728

	1973
	0.042
	0.517
	0.427
	0.920
	0.835
	0.913
	1.138
	1.554
	1.502
	1.287

	1974
	0.024
	0.913
	0.426
	0.470
	0.684
	0.485
	0.436
	0.518
	1.270
	0.542

	1975
	0.051
	0.770
	0.696
	0.678
	0.897
	1.205
	1.245
	1.141
	1.672
	1.278

	1976
	0.068
	1.325
	0.792
	0.681
	0.737
	0.932
	1.028
	0.878
	1.224
	1.022

	1977
	0.205
	1.042
	0.763
	0.543
	0.748
	0.689
	0.597
	0.813
	0.424
	0.603

	1978
	0.116
	0.827
	0.771
	0.578
	0.762
	0.515
	0.780
	1.027
	1.019
	0.970

	1979
	0.018
	1.040
	0.785
	0.895
	0.882
	0.811
	1.632
	1.522
	0.663
	1.101

	1980
	0.179
	1.479
	1.168
	1.010
	1.091
	1.081
	1.302
	1.201
	1.083
	1.277

	1981
	0.052
	1.589
	0.976
	0.716
	0.781
	0.781
	0.751
	0.660
	0.271
	0.682

	1982
	0.055
	1.198
	0.607
	0.508
	0.837
	0.901
	1.037
	0.550
	1.469
	1.031

	1983
	0.034
	0.429
	0.292
	0.313
	0.164
	0.434
	1.135
	0.416
	0.520
	1.054

	1984
	0.007
	0.275
	0.394
	0.332
	0.582
	0.463
	0.566
	0.928
	3.105
	0.743

	1985
	0.027
	0.310
	0.194
	0.257
	0.390
	0.613
	0.505
	0.720
	1.493
	0.728

	1986
	0.039
	0.315
	0.196
	0.163
	0.309
	0.428
	0.881
	0.282
	0.287
	0.760

	1987
	0.031
	0.310
	0.284
	0.237
	0.223
	0.242
	0.260
	0.749
	0.264
	0.332

	1988
	0.044
	0.477
	0.249
	0.204
	0.261
	0.270
	0.181
	0.150
	0.978
	0.193

	1989
	0.014
	0.378
	0.284
	0.408
	0.448
	0.724
	0.382
	0.252
	0.223
	0.335

	1990
	0.007
	0.436
	0.313
	0.244
	0.245
	0.456
	0.894
	0.800
	0.934
	0.876

	1991
	0.003
	0.348
	0.238
	0.232
	0.283
	0.351
	0.479
	0.617
	0.718
	0.566

	1992
	0.001
	0.396
	0.277
	0.188
	0.324
	0.418
	0.529
	0.763
	1.098
	0.692

	1993
	0.001
	0.415
	0.307
	0.199
	0.270
	0.313
	0.497
	0.808
	0.635
	0.583

	1994
	0.001
	0.535
	0.341
	0.141
	0.256
	0.364
	0.400
	0.575
	0.775
	0.471

	1995
	0.015
	0.435
	0.319
	0.163
	0.102
	0.428
	1.136
	2.130
	1.804
	1.485

	1996
	0.003
	0.214
	0.262
	0.281
	0.384
	0.870
	1.453
	1.610
	5.851
	1.643

	1997
	0.004
	0.223
	0.355
	0.227
	0.318
	0.622
	1.223
	1.162
	0.576
	1.183

	1998
	0.000
	0.338
	0.151
	0.315
	0.233
	0.343
	0.743
	1.082
	2.259
	0.938

	1999
	0.001
	0.130
	0.370
	0.191
	0.373
	0.578
	0.834
	1.679
	1.103
	1.069

	2000
	0.004
	0.147
	0.054
	0.197
	0.393
	0.558
	0.722
	1.158
	1.485
	0.834

	2001
	0.001
	0.244
	0.241
	0.077
	0.238
	0.631
	1.188
	1.493
	2.129
	1.256

	2002
	0.020
	0.253
	0.249
	0.210
	0.183
	0.281
	0.973
	1.363
	1.248
	1.091

	2003
	0.008
	0.225
	0.263
	0.215
	0.243
	0.199
	0.433
	2.500
	1.704
	0.804

	2004
	0.009
	0.313
	0.504
	0.289
	0.403
	0.149
	0.171
	0.111
	0.399
	0.156

	2005
	0.001
	0.304
	0.904
	0.527
	0.256
	0.579
	0.096
	0.038
	0.016
	0.072


[image: image1.emf]1965

1970

1975

1980

1985

1990

1995

2000

2005

0 1 2 3 4 5 6 7 8 9 10

Age


Figure 1. Catch at age for Gulf of Maine/Georges Bank herring complex.
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Figure 2. NMFS spring survey index at age.
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Figure 3. NMFS fall survey index at age.
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Figure 4. NMFS winter survey index at age.

[image: image5.emf]1965

1970

1975

1980

1985

1990

1995

2000

2005

0 1 2 3 4 5 6 7 8 9 10

Age


Figure 5. NMFS acoustic survey index at age.
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Figure 6. DFO survey index at age.
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Figure 7. Comparison of biomass from two VPA formulations.
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Figure 8. Comparison of fishing mortality from two VPA formulations.
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Figure 9. Comparison of recruitment at age 1 from two VPA formulations.
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Figure 10. Index time lines. The shaded years correspond to lowest abundance.
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Figure 11. Comparison of residuls from two VPA formulations.
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Figure 12. Comparison of post 1985 index catchabilities indices for two VPA formulations.
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Figure 13. Comparison of fishery partial recruitment for two VPA formulations.
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Figure 14. Comparison of same two VPA formulations with post 1985/6 plus VPA formulations.
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Figure 15. Comparison of index catchabilities for post 1985/6 plus VPA formulations.
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Figure 16. Comparison of fishery partial recruitment for post 1985/6plus VPA formulations.
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