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ABSTRACT

The development of consistent management by Canada and the United States of America
(USA) for the transboundary resources of Atlantic Cod, Haddock, and Yellowtail Flounder on
Georges Bank led to a sharing allocation agreement by the Transboundary Management
Guidance Committee (TMGC). For Atlantic Cod and Haddock, the agreement is limited to the
eastern Georges Bank management unit (Fisheries and Oceans Canada (DFO) Statistical Unit
Areas 5Zj and 5Zm; USA Statistical Areas 551, 552, 561, and 562). The management unit for
Yellowtail Flounder encompasses the entire Georges Bank east of the Great South Channel
(DFO Statistical Unit Areas 5Zh, 5Zj, 5Zm, and 5Zn; USA Statistical Areas 522, 525, 551, 552,
561, and 562). Two principles are incorporated in the sharing formulae: 1) historical utilization
based on reported landings during 1967 through 1994; 2) spatial-temporal changes in resource
distributions determined from the DFO and USA National Marine Fisheries Service (NMFS)
survey results that are updated annually. From 2010 onward, utilization will account for 10% and
distribution for 90% of the allocation. This report uses the 2017 DFO and NMFS survey results
to update the calculation for the 2019 fishing year allocations.

The resource distributions in 2017 were: 28% USA, 72% Canada, for Atlantic Cod; 51% USA,
49% Canada, for Haddock; and 74% USA, 26% Canada, for Yellowtail Flounder. The 2019
fishing year allocations (calendar year for Canada; May 1, 2019, to April 30, 2020, for the USA),
updated with the 2017 resource distributions, resulted in shares for Atlantic Cod of 29% USA,
71% Canada, for Haddock of 50% USA, 50% Canada, and for Yellowtail Flounder of 76% USA,
24% Canada.

RESUME
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INTRODUCTION

The designation of units for management entails a compromise between the biological realities
of stock structure and the practical convenience of analysis and policy making (Gulland 1980).
For Yellowtail Flounder, Canada and the United States of America (USA) use a common
management unit (for Canada the Fisheries and Oceans Canada (DFO) Statistical Unit Areas
5Zh, 5Zj, 5Zm, and 5Zn; for the USA the USA Statistical Areas 522, 525, 551, 552, 561, and
562) encompassing the entire bank east of the Great South Channel (Figure 1), referred to
hereafter as Georges Bank. For Atlantic Cod and Haddock, Canada uses only the eastern
portion of Georges Bank, while the USA employs a management unit comprising all of Georges
Bank and extending south and west of Cape Cod. The Transboundary Management Guidance
Committee (TMGC) agreed that, for the purpose of developing a sharing formula for Atlantic
Cod and Haddock, the management unit would be limited to the eastern portion of Georges
Bank (Figure 1; DFO Statistical Unit Areas 5Zj and 5Zm; USA Statistical Areas 551, 552, 561,
and 562), referred to as eastern Georges Bank.

Consistent fisheries management advice utilizing an allocation sharing arrangement for eastern
Georges Bank was provided for the first time in the 2003 TMGC Guidance Document (TMGC
2003) for application to the 2004 fishing year quotas, and subsequently in the 2005 to 2017
TMGC Guidance Documents for application to the 2006 to 2018 fishing year quotas,
respectively (TMGC 2017). The analyses are based on calendar year data. The fishing year for
Canadian fisheries starts on January 1* and ends on December 31°%, whereas the fishing year
for USA fisheries starts on May 1% and ends on April 30" the following year.

Principles of resource sharing for transboundary stocks include consideration of access to
resources occurring or produced within national boundaries and historical participation in
exploitation of the resources (Gavaris and Murawski 2004). The former has emerged from the
effective property rights associated with Exclusive Economic Zones as well as the distribution of
stocks occurring in areas under national jurisdiction (UN 1995). The latter recognizes traditional
involvement and investment in the development of a fishery. Both principles were incorporated
in the TMGC sharing proposal, but historical participation gradually was down-weighted so that
after an eight year phase-in period the annual allocation would be based primarily on resource
distribution (90%).

Details for calculating the national allocations for Canada and the USA were described by
Murawski and Gavaris (2004). The approach incorporates both resource utilization and resource
distributions relative to the Canada/USA east coast maritime boundary. Results for fishing years
2005 to 2017 have been reported annually, most recently by Noble et al. (2017). This report
uses the 2017 DFO and USA National Marine Fisheries Service (NMFS) survey results to
estimate the 2019 fishing year allocations.

DATA AND METHODS

FORMULA

The TMGC agreed approach for calculating the respective country shares (TMGC 2002), which
takes into historical utilization and adapts to shifts in resource distribution, is as follows:

%shareyear country = (Olyear X %0Utilizationyear country) + (Byear X %0resource distributionyear, country)

where oy = percentage weighting for utilization in year
Byear = percentage weighting for resource distribution in year
Olyear + Byear = 100%
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The initial sharing formula was based on the weighting of country utilization by 40% and
resource distribution from surveys by 60%. Thereafter, the percentage weighting was changed
in 5% annual increments until the weightings reached 10% country utilization from landings and
90% resource distribution from surveys. This sharing agreement was implemented in 2003, with
the end of the transition to a 90:10 resource distribution-to-utilization weighting in the 2010
fishing year.

RESOURCE UTILIZATION

Historical participation in exploitation of these resources was assessed for the three species
using landings records (Table 1). The TMGC agreed to use the percentage of the total landings
by country from 1967 to 1994 (inclusive), as the measure of country utilization.

RESOURCE DISTRIBUTION

Resource distribution patterns were determined from three research vessel bottom trawl survey
time series conducted by the DFO and NMFS (DFO winter (March 2017), NMFS Spring (May
2017) and NMFS Fall (October 2017)). Surveys of Georges Bank have been conducted by DFO
since 1986 (February/March), and by NMFS each fall (October) since 1963 and each spring
(April/May) since 1968. Each of the three surveys cover Canadian and USA waters on both
sides of the Hague line (Figure 2). Further details about DFO and USA Northeast Fisheries
Science Center (NEFSC) vessels and calibrations can be found in Gross et al. (2014).

Swept area biomass, considered a relative index of abundance, was computed for each species
in each stratum (Table 2, Figure 2) and apportioned to USA and Canadian sectors in each year.
DFO survey sampling strata were revised in 1987 to incorporate the international boundary.
Thus, only results since 1987 have been used from this survey. Since both the DFO and NMFS
survey designs are based on randomization within strata, the data were post-stratified to
Canadian and USA zones within the existing survey strata.

Estimates of biomass indices were calculated for each stratum or stratum section unless no
observations occurred within a stratum (Tables 2 to 11). Prior to 2005, on the few occasions
where no observations were available in a stratum section, density and distribution patterns
from adjacent areas and years were used as substitute values. The magnitude of these derived
values was generally small and did not influence results. When such values are combined over
surveys, they have only a minor effect on the annual aggregate biomass index estimates within
the transboundary management units. In recent years, missing observations have been
assumed to be zero, as derived values did not influence results when adjusted prior to 2005
(Tables 3 to 10). The swept area biomasses for each groundfish species were summed
individually to derive the biomass index on the Canadian and USA side for each management
unit. Age- and size-specific distribution patterns were not considered while developing the
biomass indices.

The biomass index estimate derived from each survey represents a synoptic snapshot of
resource distribution at a specific time during a year. Combining the results of multiple surveys
requires an understanding of seasonal movement patterns and how much of the biological year
each survey represents. For Atlantic Cod, the DFO and the NMFS spring surveys in each year
were averaged to characterize the distribution during the winter-spring period. This result was
averaged with the NMFS fall survey distribution percentage, thereby giving equal weight to the
winter-spring and summer-fall periods. Prior to initiation of the DFO survey in 1987, the NMFS
spring survey was used alone to characterize the winter-spring period. For Haddock and
Yellowtail Flounder, the results from all three surveys in each year were averaged to represent
the annual distribution pattern. Prior to 1987, only the NMFS spring and fall surveys were
averaged for these two species.
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A robust locally-weighted regression algorithm (Cleveland 1979), referred to as LOESS, was
adopted for removing both unpredictable fluctuations and sampling variation from survey
observations. A 30% smoothing parameter was chosen as it reflected current trends, was
responsive to changes, and provided the most appropriate results for contemporary resource
sharing. The recommended default of two robustness iterations also was adopted (Cleveland
1979). Resource distributions are updated annually by incorporating data from the latest survey
(i.e. 2017) and dropping data from the earliest survey used in the previous year (i.e. 1984) so
that a 33-year window is maintained. After the surveys were combined, the LOESS smoother
was applied to the 1985 to 2017 survey data. The fixed resource utilization (10% weighting) and
the 2017 resource distributions (90% weighting) were applied to the agreed sharing formula to
determine national allocation shares of each of the three transboundary groundfish species for
the upcoming fishing year (i.e. 2019), which is two years ahead of the survey data that is used
(i.e. 2017).

RESULTS AND CONCLUSIONS

The country utilization aspect of the sharing formula, based on each country’s landings during
the period of 1967 to 1994 (Table 1), resulted in the following percentage weightings for
utilization:

Stock Canada USA
Eastern Georges Bank Atlantic Cod 60%  40%
Eastern Georges Bank Haddock 55%  45%
Georges Bank Yellowtail Flounder 2% 98%

The 2010 fishing year marked the end of transition to a 90/10 weighting of resource distribution
and country utilization. Historical utilization now accounts for only 10% of the sharing formula.

The biomass indices were updated with the 2017 survey values for each species for the DFO
survey and NMFS spring and fall surveys (Tables 3 to 11; Figures 3, 4, and 5). During the 2017
NMFS fall survey, no tows occurred in the US waters for the portion of stratum 20 that lies within
the eastern Georges Bank area (Table 2), resulting in a missing value for that strata for Atlantic
Cod and Haddock. Similarly, in the 2016 NMFS fall survey no tows occurred in the US waters
for the eastern Georges Bank portion of stratum 22. Initial exploration of missing tows suggests
that strata with high biomass may change the estimate of overall resource distribution. In the
future, this could be resolved either through the tow allocation/stratification scheme on the
surveys, or through investigation of methodology to impute values when no tows occur in a
given stratum. The consequences of imputation would have to be carefully considered in terms
of consistency with how the survey data are used in the assessments.

The resource distribution, by country, for each survey and for the combined surveys, and the
results from the smoothing algorithm for the most recent 33-year time period were determined
for Atlantic Cod, Haddock, and Yellowtail Flounder (Tables 12, 13, and 14, respectively;

Figure 6). The smoothed percentages for the time series differ from those previously calculated,
due to dropping the earliest year of survey data (1984) and the incorporation of the next recent
year of survey data (2017) in the smoothing algorithm. The resulting smoothed resource
distributions for eastern Georges Bank in 2017 were, for Atlantic Cod: 72% Canada, 28% USA,
for Haddock: 49% Canada, 51% USA; and for Yellowtail Flounder: 26% Canada, 74% USA
(Table 15, Figure 6).

The 2017 smoothed resource distributions and the fixed resource utilization were applied to the
agreed sharing formula and result in shares for the 2019 fishing year (calendar year for Canada;
May 1, 2019 to April 30, 2020 for the USA) for Atlantic Cod of 29% USA, 71% Canada, for
Haddock of 50% USA, 50% Canada; and for Yellowtail Flounder of 76% USA, 24% Canada
(Table 15).
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Table 1. Annual landings (mt) of Atlantic Cod, Haddock, and Yellowtail Flounder from the transboundary
management units on Georges Bank from 1967 to 1994. The TMGC agreed to use the percentage of
total landings by country from this time period as the measure of country utilization

Atlantic Cod Haddock Yellowtail Flounder
vear Canada USA Total Canada USA Total Canada USA Total
1967 8188 3115 11303 12999 11999 24998 133 8407 8540
1968 9055 3244 12299 9195 7646 16841 122 12799 12921
1969 5876 3676 9552 3941 6621 10562 327 15944 16271
1970 2580 3211 5791 1970 3154 5124 70 15505 15575
1971 2950 4389 7339 1610 3533 5143 102 11878 11980
1972 2535 2708 5243 609 1551 2160 8 14157 14165
1973 3222 3064 6286 1565 1396 2961 12 15899 15911
1974 1370 3792 5162 462 955 1417 5 14607 14612
1975 1833 3108 4941 1353 1705 3058 8 13205 13213
1976 2320 2037 4357 1362 974 2336 11 11336 11347
1977 6156 4256 10412 2871 2428 5299 38 9444 9482
1978 8777 5502 14279 9968 4724 14692 56 4519 4575
1979 5979 6408 12387 5080 5212 10292 17 5475 5492
1980 8065 6418 14483 10017 5615 15632 81 6481 6562
1981 8498 8092 16590 5658 9075 14733 12 6182 6194
1982 17825 8565 26390 4872 6280 11152 18 10634 10652
1983 12131 8573 20704 3208 4453 7661 43 11350 11393
1984 5761 10551 16312 1463 5120 6583 4 5764 5768
1985 10442 6641 17083 3484 1684 5168 3 2477 2480
1986 8411 5697 14108 3415 2201 5616 27 3041 3068
1987 11844 4793 16637 4703 1418 6121 56 2743 2799
1988 12740 7645 20385 5941 1694 7635 47 1866 1913
1989 7895 6182 14077 3060 785 3845 32 1134 1166
1990 14364 6414 20778 3340 1188 4528 13 2751 2764
1991 13459 6353 19812 5423 931 6354 25 1784 1809
1992 11673 5080 16753 4090 1629 5719 15 2859 2874
1993 8524 4027 12551 3725 424 4149 675 2089 2764
1994 5278 1229 6507 2412 32 2444 2139 1589 3728

1Jg7t"_"é 4 217751 144770 362521 117796 94427 212223 4099 215919 220018
Piggﬂg‘fe 60% 40% 100% 55% 45% 100% 2% 98% 100%
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Table 2. Strata (or strata section) areas (in square nautical miles) used in the calculation of biomass
indices. The designation ‘eGB’ denotes the eastern Georges Bank management unit used for Cod and
Haddock. The designation ‘~eGB’ denotes the portion of the stratum not in the eastern Georges Bank
management unit.

DF;’ NMFS  Canada USA(eGB) USA(~eGB)

rata

DFO 571 795 0 0
572 1252 0 0
573 0 1504 791
574 0 1350 1729

NMES 13 0 0 2374
14 0 0 656
15 0 0 230
16 1553 1427 0
17 284 76 0
18 127 45 0
19 0 1059 1395
20 0 335 886
21 210 78 136
22 125 106 223
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Table 5. Atlantic Cod biomass (mt) index by strata and strata sections of eastern Georges Bank (see
Figure 2) from the DFO survey.

Year CAN CAN USA USA USA CAN
571 572 573 574 total total
1987 1555 5826 1345 98 1443 7381
1988 1894 12927 3856 775 4631 14821
1989 2040 8664 2766 1076 3842 10704
1990 1708 48900 4622 1435 6057 50608
1991 2204 17398 3820 1646 5467 19601
1992 2087 7602 4005 887 4892 9689
1993 719 9427 3875 2524 6399 10146
1994 817 11821 455 47 502 12638
1995 919 3277 3368 553 3921 4197
1996 1090 22489 3927 4667 8594 23579
1997 377 7336 2095 1196 3290 7714
1998 332 4091 551 32 583 4423
1999 211 6880 1206 880 2086 7092
2000 228 21947 9281 842 10123 22174
2001 1499 15563 257 718 975 17062
2002 2298 17043 309 683 992 19341
2003 720 3571 1130 797 1927 4291
2004 685 4248 699 29 728 4933
2005 1597 7306 192 17105 17298 8903
2006 127 8469 2652 1299 3951 8595
2007 836 8930 911 552 1462 9766
2008 5880 6603 327 848 1175 12483
2009 2195 20917 0 54 54 23113
2010 218 8694 16963 477 17440 8913
2011 3702 4031 543 161 704 7733
2012 444 1311 504 203 708 1755
2013 7079 1538 1819 677 2496 8617
2014 586 1483 122 218 340 2069
2015 482 2785 225 102 327 3267
2016 693 2342 600 20 620 3036
2017 937 4343 9260 25 9285 5281
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Update of Allocation Shares for Canada and the USA of the
Transboundary Resources on Georges Bank Through Fishing Year 2019

Table 8. Haddock biomass (mt) index by strata and strata sections of eastern Georges Bank (see
Figure 2) from the DFO survey.

CAN CAN USA USA USA CAN

Year 579 572 573 574 total total

1987 2661 12956 375 99 475 15617
1988 1350 16559 8305 96 8401 17909
1989 982 9377 641 198 839 10359

1990 3943 15963 3424 4155 7579 19907
1991 3084 13597 7383 3260 10643 16680
1992 3544 10403 5953 576 6530 13946
1993 2064 2367 110 2411 2521 4432

1994 8871 9968 19 90 108 18839
1995 2244 18041 336 0 336 20285
1996 4947 16985 440 839 1279 21933
1997 1853 11022 1298 179 1476 12875
1998 15844 29323 89 11 99 45167
1999 14775 15221 506 319 825 29996

2000 4682 41522 11048 158 11206 46205
2001 9471 43754 2022 513 2535 53225
2002 5695 28569 3391 11863 15254 34264
2003 1583 89462 4334 27407 31741 91045
2004 21198 71574 5479 1796 7274 92772
2005 9638 39589 1931 5209 7140 49226
2006 5445 53525 35052 6285 41337 58970
2007 9705 43079 3811 5009 8820 52784
2008 35446 47657 34798 6063 40861 83102
2009 29750 41728 o' 82 82 71478
2010 1137 44993 5148 19991 25139 46130
2011 12095 32436 4114 10518 14632 44530
2012 4365 29550 25010 18497 43508 33915
2013 21809 50425 60218 31062 91281 72235
2014 26210 40788 1423 909 2332 66997
2015 5630 28722 150689 47854 198542 34352
2016 6344 160556 66166 4793 70959 166900
2017 4493 41845 67797 9119 76915 46338
"No Haddock were caught in 7 tows in this stratum section.
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Update of Allocation Shares for Canada and the USA of the
Transboundary Resources on Georges Bank Through Fishing Year 2019

Table 11. Yellowtail Flounder biomass (mt) index by strata of Georges Bank (see Figure 2) from the DFO
survey.

CAN CAN USA USA USA CAN

Year  gyq 572 573 574 total total
1987 69 750 102 343 445 819
1988 30 253 136 816 952 283
1989 29 111 50 281 331 140
1990 39 358 129 1053 1181 397
1991 57 444 262 996 1258 501
1992 119 432 327 1599 1925 550
1993 59 1634 178 771 949 1693
1994 91 501 745 1417 2162 591
1995 35 785 487 719 1206 820
1996 35 2799 1229 1241 2470 2833
1997 868 2464 2431 7529 9960 3332
1998 093 2484 613 1102 1715 2577

1999 190 6616 408 10452 10860 6806
2000 2019 5526 6430 5974 12404 7545
2001 443 4995 963 15757 16720 5438

2002 66 5052 5854 9727 15581 5118
2003 48 5739 75 10387 10462 5786
2004 84 5637 63 3271 3334 5720
2005 51 1028 392 11886 12278 1079
2006 35 776 962 4805 5767 812
2007 196 2959 102 10088 10189 3155
2008 64491 1656 262 910 1172 66147
2009 70851 1077 45 72 117 71927
2010 5332 3226 178 402 580 8558
2011 1 477 800 2552 3351 479
2012 89 1121 385 4055 4440 1210
2013 212 252 77 157 234 464
2014 79 98 79 257 336 177
2015 40 108 80 595 675 147
2016 20 235 31 1441 1473 255
2017 20 90 15 217 232 110
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Update of Allocation Shares for Canada and the USA of the
Transboundary Resources on Georges Bank Through Fishing Year 2019

Table 15. (a) Resource utilization and (b) smoothed distribution of eastern Georges Bank Atlantic Cod
and Haddock, and Georges Bank Yellowtail Flounder (Ytl) and the weightings used in the USA/Canada
allocation sharing formula. Allocation shares are updated annually based on resource distribution. Values
are in percentage.

a)
Countr Resource Utilization
Y " Cod  Haddock Yil
USA 40 45 98
Canada 60 55 2
b)
Survey Resource Distribution Fishing Weighting Allocation Shares
Country Year Cod Had Yl Year Utilization Distribution Cod Had Yil
USA 2000 18 20 54 2002 40 60 27 30 72
Canada 2000 82 80 46 2002 40 60 73 70 28
USA 2001 14 16 64 2003 40 60 24 28 78
Canada 2001 86 84 36 2003 40 60 76 72 22
USA 2002 12 26 62 2004 40 60 23 34 76
Canada 2002 88 74 38 2004 40 60 77 66 24
USA 2003 18 27 56 2005 35 65 26 33 71
Canada 2003 82 73 44 2005 35 65 74 67 29
USA 2004 14 29 56 2006 30 70 22 34 69
Canada 2004 86 71 44 2006 30 70 78 66 31
USA 2005 21 29 63 2007 25 75 26 33 72
Canada 2005 79 71 37 2007 25 75 74 67 28
USA 2006 26 32 73 2008 20 80 29 35 78
Canada 2006 74 68 27 2008 20 80 71 65 22
USA 2007 29 36 73 2009 15 85 31 37 77
Canada 2007 71 64 27 2009 15 85 69 63 23
USA 2008 23 40 60 2010 10 90 25 40.5 64
Canada 2008 77 60 40 2010 10 90 75 59.5 36
USA 2009 17 43 50 2011 10 90 19 43 55
Canada 2009 83 57 50 2011 10 90 81 57 45
USA 2010 22 43 44 2012 10 90 24 43 49
Canada 2010 78 57 56 2012 10 90 76 57 51
USA 2011 13 37 37 2013 10 90 16 38 43
Canada 2011 87 63 63 2013 10 90 84 62 57
USA 2012 19 37 81 2014 10 90 21 38 83
Canada 2012 81 63 19 2014 10 90 79 62 17
USA 2013 16 45 67 2015 10 90 18 45 70
Canada 2013 84 55 33 2015 10 90 82 55 30
USA 2014 19 43 72 2016 10 90 21 43 75
Canada 2014 81 57 28 2016 10 90 79 57 25
USA 2015 18 61 66 2017 10 90 20 59 69
Canada 2015 82 39 34 2017 10 90 80 41 31
USA 2016 26 38 68 2018 10 90 27 39 71
Canada 2016 74 62 32 2018 10 90 73 61 29
USA 2017 28 51 74 2019 10 90 29 50 76
Canada 2017 72 49 26 2019 10 90 71 50 24
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Update of Allocation Shares for Canada and the USA of the
Transboundary Resources on Georges Bank Through Fishing Year 2019
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Figure 1. The management areas for Atlantic Cod, Haddock (upper panel), and Yellowtail Flounder (lower
panel) on Georges Bank (thick grey line), including the Canada/USA boundary line (thin grey line) across
which resource distribution was determined.
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Figure 2. DFO and NMFS survey strata used to develop biomass indices on either side of the
Canada/USA boundary for eastern Georges Bank Atlantic Cod and Haddock (upper panels) and Georges
Bank Yellowtail Flounder (lower panels) in relation to the management unit borders. Strata boundaries
(thin black lines) with strata labels are shown. The shaded area represents the strata and strata sections
that were used to approximate the respective management units (thick grey lines).
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Update of Allocation Shares for Canada and the USA of the
Transboundary Resources on Georges Bank Through Fishing Year 2019
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Figure 3. Relative indices of biomass and percentage resource distribution in relation to the international
boundary for Atlantic Cod on eastern Georges Bank.
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Figure 4. Relative indices of biomass and percentage resource distribution in relation to the international
boundary for Haddock on eastern Georges Bank.
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Figure 5. Relative indices of biomass and percentage resource distribution in relation to the international

boundary for Yellowtail Flounder on Georges Bank.
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Transboundary Resources on Georges Bank Through Fishing Year 2019
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Figure 6. Observed annual percentage (white line) and smoothed trends of proportion of eastern Georges
Bank Atlantic Cod (upper panel), eastern Georges Bank Haddock (middle panel), and Georges Bank
Yellowtail Flounder (bottom panel) on the Canadian side of the international boundary.
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