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ABSTRACT

The total catch of eastern Georges Bank (EGB) haddock in 2014 was 14,243 mt of the 27,000
mt combined Canada/United States of America (USA) quota. The 2014 Canadian catch
increased from 4,631 mt in 2013 to 12,936 mt while the USA catch in 2014 was 1,182 mt, an
increase from the 2013 catch of 435 mt. Haddock discards from the Canadian scallop fishery
and the USA groundfish fishery were estimated at 17 mt and 108 mt, respectively.

The 2015 beginning of year adult population biomass (ages 3+) is estimated at 117,000 mt. A
preliminary estimate for the 2014 year class is 12.9 million fish at age 1. The current estimate of
the 2013 year class is 1,300 million fish, which is the highest in the time series (1931-1955 and
1969-2014). The exceptional 2003 and 2010 year classes, estimated at 210 million and

275 million age 1 fish, respectively, are the second and third largest. Except for the strong 2000
and 2011 year classes, and the exceptional 2003, 2010 and 2013 year classes, recruitment has
fluctuated between 2.1-27.3 million fish since 1990. Fully-recruited fishing mortality increased to
levels above Fs = 0.26 from 2010-2012 before dropping off again in 2013. In 2014, F was
estimated at 0.23. Positive signs of productivity include expanded age structure, broad spatial
distribution, large biomass and three exceptional year classes and two strong year classes
since 2000. On the negative side, condition has decreased substantially and size at age has
declined.

Assuming a 2015 catch equal to the 37,000 mt total quota and F = 0.26 (F) in 2016 and 2017,
a combined Canada/USA catch of 37,500 mt in 2016 results in a neutral risk (50%) that the
2016 fishing mortality rate would exceed F; = 0.26. The 2010 year class at age 6 is expected to
contribute 46% of the catch biomass and the 2013 year class at age 3 is expected to contribute
the next highest percentage at 41%. The probability that the 2017 biomass will not increase by
10% is negligible. Adult biomass is projected to be 522,000 mt at the beginning of 2017 at the
Frer catch level. A combined Canada/USA catch of 81,000 mt in 2017 results in a neutral risk
(50%) that the 2017 fishing mortality rate would exceed F.¢ = 0.26. The 2010 year class at

age 7 is expected to contribute 16% of the catch biomass and the 2013 year class at age 4 is
expected to contribute 78%. The probability that the 2018 biomass will not increase by 10% is
high because population biomass is expected to decline from 2017 to 2018. Adult biomass is
projected to be 464,000 mt at the beginning of 2018 at the F catch level.

Retrospective analyses indicated that the benchmark model has a tendency to underestimate F
and overestimate biomass and age 1 recruitment when additional years of data are added. To
account for the retrospective bias, a sensitivity forecast using the rho adjusted 2015 population
numbers (ages 0-9+) for deterministic projections and risk assessments was conducted to
beginning year 2018. Assuming a 2015 catch equal to the 37,000 mt total quota and F = 0.26
(Frer) in 2016 and 2017, a combined Canada/USA catch of 19,500 mt in 2016 results in a neutral
risk (50%) that the 2016 fishing mortality rate would exceed F = 0.26. A combined
Canada/USA catch of 45,000 mt in 2017 results in a neutral risk (50%) that the 2017 fishing
mortality rate would exceed F = 0.26.

The F catches from the sensitivity projections are considerably lower than the catches from
standard projections, but they do take into account the emerging retrospective pattern that has
occurred over the past two years in this assessment.
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RESUME

Le total des prises d’'aiglefin dans I'est du banc Georges s'est élevé a 14 243 tm en 2014, sur
un quota combiné de 27 000 tm pour le Canada et les Etats-Unis. Les prises canadiennes sont
passées de 4 631 tm en 2013 a 12 936 tm en 2014, tandis que les prises américaines sont
passées de 435 tm en 2013 a 1 182 tm en 2014. On estime les rejets d’aiglefins dans la péche
canadienne du pétoncle et dans la péche du poisson de fond aux Etats-Unis & 17 tm et 108 tm
respectivement.

On estime qu'au début de I'année 2015, la biomasse de la population adulte (ages 3+) s'élevait
a 117 000 tm. L'estimation préliminaire pour la classe d'age 2014 est de 12,9 millions de
poissons d'age 1. On estime actuellement la classe d'age de 2013 a 1 300 millions de poissons,
ce qui en fait la cohorte la plus abondante des séries chronologiques 1931-1955 et 1969-2014.
Les classes d'age exceptionnelles 2003 et 2010, estimées a 210 millions et 275 millions de
poissons d'age 1, respectivement, sont les deuxiéme et troisiéme plus importantes. Sauf pour
les fortes classes d'age de 2000 et 2011 et les classes d'age exceptionnelles de 2003, 2010

et 2013, le recrutement a fluctué entre 2,1 et 27,3 millions d'individus depuis 1990. La mortalité
par péche des poissons pleinement recrutés a augmenté a des niveaux dépassant F.s = 0,26
de 2010 a 2012, avant de baisser de nouveau en 2013. En 2014, la mortalité par péche (F) était
évaluée a 0,23. Parmi les signes encourageants de productivité, il y a I'élargissement de la
structure par age, la vaste répartition spatiale, la biomasse élevée, trois classes d'age
exceptionnelles et deux fortes classes d’age depuis 2000. Parmi les signes négatifs, on note
une détérioration importante de la condition et une diminution de la taille selon I'age.

En supposant que les captures en 2015 soient égales au quota total de 37 000 tm et que F soit
égale a4 0,26 (F.) en 2016 et 2017, des prises combinées du Canada et des Etats-Unis
s'élevant a 37 500 tm en 2016 se traduiraient par un risque neutre (50 %) que le taux de
mortalité par péche dépasse F., = 0,26 pendant cette année. La classe d'age de 2010 a I'age 6
devrait constituer 46 % de la biomasse des prises et la classe d'age de 2013 a I'age 3 devrait
constituer le deuxiéme plus haut pourcentage de la biomasse des prises avec 41 % de celle-ci.
La probabilité que la biomasse n‘augmentera pas de 10 % en 2017 est négligeable. On prévoit
qu'au début de 2017, en tenant compte d'une capture de F, la biomasse des adultes sera

de 522 000 tm. Un total des prises combinées du Canada et des Etats-Unis de 81 000 tm en
2017 se traduirait par un risque neutre (50 %) que le taux de mortalité par péche dépasse F4. =
0,26 cette année-la. La classe d'age de 2010 a I'age 7 devrait constituer 16 % de la biomasse
des prises et la classe d'age de 2013 a I'age 4 devrait représenter 78 % de celle-ci. La
probabilité que la biomasse n'augmentera pas de 10 % en 2018 est élevée, parce qu'on
s'attend a ce que la biomasse de la population baisse de 2017 a 2018. On prévoit qu'au début
de 2018, en tenant compte d'un niveau de prises situé a F, la biomasse des adultes sera

de 464 000 tm.

Des analyses rétrospectives ont indiqué que le modéle de référence a tendance a sous-estimer
F et & surestimer la biomasse et le recrutement a I'age 1 lorsque des années de données
supplémentaires sont ajoutées. Pour tenir compte du biais rétrospectif, une prévision de
sensibilité utilisant une correction rho des populations de 2015 (ages 0-9+) pour les projections
déterministes et les évaluations des risques a été effectuée pour le début de I'année 2018. En
supposant que les captures en 2015 soient égales au quota total de 37 000 tm et que F soit
égale a 0,26 (F.) en 2016 et 2017, des prises combinées du Canada et des Etats-Unis
s'élevant a 19 500 tm en 2016 se traduiraient par un risque neutre (50 %) que le taux de
mortalité par péche dépasse F. = 0,26 pendant cette année. Un total des prises combinées du
Canada et des Etats-Unis de 45 000 tm en 2017 se traduirait par un risque neutre (50 %) que le
taux de mortalité par péche dépasse F. = 0,26 pendant cette année.

Les prises prévues a F établies par les projections de sensibilité sont trés inférieures aux
prises établies par les projections standard, mais elles tiennent compte de la tendance
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rétrospective émergente qui a été observée au cours des deux derniéres années de la présente
évaluation.
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INTRODUCTION

For the purpose of developing a sharing proposal and consistent management by Canada and
the United States of America (USA), an agreement was reached that the transboundary
management unit for haddock would be limited to the eastern portion of Georges Bank (EGB;
DFO statistical unit areas j and m in NAFO Subdivision 5Ze; USA statistical areas 551, 552, 561
and 562 in NAFO Subdivision 5Ze; DFO 2002; Figure 1). This assessment applies the approach
used by Van Eeckhaute and Brooks (2014) to Canadian and USA fisheries information updated
to 2014. Results from the Fisheries and Oceans Canada (DFO) survey, updated to 2015, the
USA National Marine Fisheries Service (NMFS) spring survey updated to 2015, and the NMFS
fall survey updated to 2014 were also incorporated. The NMFS surveys since 2009, which use a
new vessel (NOAA ship Henry B. Bigelow), a new net and protocols, were made equivalent to
surveys undertaken by the former NOAA ship Albatross IV by applying length-based conversion
factors (Brooks et al. 2010).

FISHERY

COMMERCIAL CATCHES

Haddock on Georges Bank have supported a commercial fishery since the early-1920s (Schuck
1951; Clark et al. 1982). Catches from EGB during the 1930s to 1950s ranged between 17,000-
41,000 mt (Figure 2). Records of catches by unit area for 1956 to 1968 are not available;
however, based on records for NAFO Subdivision 5Ze, catches from EGB probably attained
record high levels of about 60,000 mt during the early-1960s. Catches during the late-1970s and
early-1980s reached a maximum of 23,344 mt, and were associated with good recruitment
(Table 1; Figure 3). Substantial quantities of small fish were discarded in those years (Overholtz
et al. 1983). Catches subsequently declined, fluctuating around 5,000 mt during the mid- to late-
1980s. Under restrictive management measures (Table 2), combined Canada/USA catches
declined from 6,504 mt in 1991 to a low of 2,150 mt in 1995, varied between 3,000-4,000 mt
until 1999, and increased to 15,256 mt in 2005. Catches varied between 12,510 mt and

19,855 mt from 2006 to 2011 then decreased to 5,066 mt in 2013. In 2014, the total catch
increased to 14,243 mt and represented 53% of the combined 27,000 mt quota. Canada caught
79% of its 16,470 mt allocation while the USA caught 12% of its 10,530 mt allocation.

Canadian

Some elements of the management measures used on EGB are described in Table 2. Quotas
are the principal means used to regulate the Canadian groundfish fisheries on Georges Bank.
Quota regulation requires effective monitoring of fishery catch. Weights of all Canadian landings
since 1992 have been monitored at dockside. Canadian catches since 1995 have usually been
below the quota due to closure of some fleet sectors when the cod quotas were reached. In
2014, at-sea observer coverage represented 64% of otter trawl (OTB) and 38% of longline
landings, which amounted to an overall observed level of 64% of haddock landings for the
Canadian fishery. For OTB, coverage was 100% from January to August and 25% from
September to December.

Between 1994 and 2004, the Canadian fishery for groundfish on EGB was closed from
January 1% to May 30™. In 2005, increasing haddock abundance led to authorization to conduct
an exploratory Canadian groundfish fishery in January and February that has continued since
that time. Observer coverage for this fishery has been higher than at other times of the year
(i.e. 100% in 2014). So as not to adversely affect the rebuilding of cod on EGB, the winter
fishery was closed February 3" in 2014 based on determinations of active cod spawning in the

1
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previous year (i.e. when 30% of cod were in “spawning” or “post-spawning” stages based on
analysis of maturity data collected by observers).

The mandatory use of 130 mm square mesh cod ends for bottom trawls was implemented in
1995 to allow for escapement of smaller haddock, and has been the only mesh size used up
until 2014 when the mobile gear sector was allowed to experiment with the use of 145 mm
diamond mesh cod ends to improve catch rates in the winter fishery. This request was based on
the reduced size at age of the extremely large 2010 year class and industry concerns about the
increased effort and cost required to obtain good catches. The experimental gear (145 mm
square mesh) was used during the winter fishery in a comparative study of retained haddock
size composition with the standard 130 mm square mesh (note: for this study there was 100%
observer coverage and mandatory use of separator panels to reduce cod bycatch). A further
study was conducted by industry from June through August, 2014, to compare catch size
composition between trawls using 145 mm diamond, 125 mm square and 130 mm square
mesh. Industry was allowed to continue using the 145 mm diamond mesh until the fishery
closed in December. All vessels operating from June-December were required to use bottom
trawls equipped with separator panels regardless of the mesh size used. Based on the total
number of observed sets in 2014 (n = 2169), the breakdown by mesh size was: 125 mm square:
5%, 130 mm square: 37% and 145 mm diamond: 58%. Results of these studies were analyzed
and documented in a summary report presented at the 2015 TRAC assessment meeting (see:
Brooks and Curran 2015).

Canadian Landings

Canadian landings increased from 4,631 mt in 2013 to 12,953 mt in 2014, the highest since
2011. In recent years, the Canadian fishery has been conducted primarily by small OTB

(i.e. Tonnage Classes (TC) 1-3, <150 mt) followed by longline, with minimal landings by gilinet
(Table 3). The percentage of landings taken by longline has steadily declined since 1992
whereas the small OTB share has increased (Figure 4). Over the past 10 years, small OTB
have taken an average of about 86% of the catch and longline vessels about 13%. There has
been a declining trend in longline catches since 2012, with the 2014 catch representing only 1%
of total landings, and is attributed to the difficulties in avoiding cod bycatch. Large OTB (TC 4+)
contributed 40-80% of total landings in the 1970s, although there are few left in the fishery at
present (their contribution is currently <1%). In 2014, the highest landings occurred in August,
with highest percentage of total Canadian landings occurring in Quarter 3 (41%) (Table 4;
Figure 5). The 2014 January/February winter fishery landed 2,133 mt of haddock, accounting for
16% of total Canadian landings.

Canadian Discards

Before 1996, Canadian landings included haddock catches reported by the scallop fishery.
Landings of haddock by the scallop fleet were low (Table 3) with a maximum of 38 mt reported
in 1987. Since 1996, the scallop fishery has been prohibited from landing haddock and so this
species is discarded. Haddock discards from the scallop fleet have ranged between 10 mt and
186 mt since 1969 (Table 1). A 3-month moving window was used to calculate the discard rate
and included December of the previous year for the January discard rate and January of the
following year for the December rate (Van Eeckhaute et al. 2011). Discards from 2005 onward
have been recalculated to reflect a change in the effort measure used (i.e. from freezer trawler
hours to hours x metres; Sameoto et al. 2013). The effect on haddock discards was minimal. In
2014 there were 24 observed scallop trips available for calculating discards which were
estimated at 17 mt, higher than the 10 mt reported in 2013 (Table 5).

Compliance with mandatory retention is thought to be high since 1992, so haddock discards in
the groundfish fishery are considered to be negligible. The mandatory use of separator panels
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for bottom trawls was implemented in 1999 to help reduce the bycatch of cod. Currently, all
vessels in the fleet are using separator panels.

USA

Management measures for the USA fishery have been primarily effort based since 1994;
however, in 2004, quota management was introduced to regulate the USA groundfish fishery for
EGB haddock (Table 2). From 2008 to 2010, the USA portion of the EGB management area
was closed to vessels fishing with trawl gear from May 1 to July 31%. From 2011 onwards, the
regulation only applies to the common pool which is a miniscule fraction of USA boats that fish
on EGB (the common pool received 0.62%, 0.28%, and 0.32% of the EGB haddock quota in
2011, 2012, and 2013, respectively).

The minimum size for landed haddock had been reduced to 18 inches (45.7 cm) in October
2007 but reverted back to 19 inches (48.2 cm) in August 2008. On May 1, 2009, the minimum
size was again reduced to 18 inches through a NMFS interim action. This minimum size limit
was retained in Amendment 16, which went into effect on May 1, 2010. On September 15,
2008, the Ruhle Trawl (previously called the Eliminator Trawl) was authorized for use in the
USA portion of EGB haddock management area. The Ruhle Trawl is intended to reduce bycatch
of cod. Also, beginning on May 1, 2010, many participants in the multispecies groundfish fishery
organized into sectors, with each unique sector receiving a portion of the overall quota known
as an Annual Catch Entitlement (ACE). Those vessels not joining a sector remained in the
common pool, which received a portion of the overall quota. A discard provision went into effect
on May 1, 2010 requiring that all legal sized fish be retained by vessels in a sector. On May 11,
2011, the Closed Area Il Special Access Permit (SAP) was modified to allow targeting of
haddock from August 1% to January 31°%. Also, on September 14, 2011, the haddock catch cap
regulation for the herring midwater trawl fishery increased to 1% of the Georges Bank Annual
Biological Catch (ABC). Beginning July 1, 2013, the minimum size was reduced from 18 inches
to 16 inches (40.64 cm).

USA Landings

USA landings of EGB haddock in 2014 were derived from mandatory fishing vessel trip reports
(VTRs) and dealer reports. Statistical methodology was applied to allocate unknown landings to
statistical area from 1994 to 2014 (Wigley et al. 2008a; Palmer 2008). Some of the landings for
trawl gear that were reported in 2008 to 2010, during the months when EGB was closed to trawl
gear, come from the allocation algorithm which assigns a statistical area when area is missing
or there are inconsistencies in reported areas on logbooks. Trawl landings that were allocated to
EGB during May to July for 2008-2010 comprised 3% to 5% of total annual USA landings.

USA calendar year landings (Table 1) of EGB haddock increased from 344 mt in 2013 to

1,182 mtin 2014. The 2014 USA landings peaked in quarter 2 (44%), primarily due to high
landings in June, which represented 25% of total annual landings (Table 6). As in other years,
otter trawl gear accounted for nearly all of USA landings (1,181 mt; Table 7), 76% of which was
landed by tonnage class 4 vessels.

For USA fishing year May 1, 2014, to April 30, 2015, the USA catch quota for sectors was
10,005 mt of which only 14.6% was realized in landings (15.4% of quota, including discards).
The catch quota for the common pool was 69.1 mt, none of which was caught. In recent years,
landings have been constrained in part by the low cod quota, the closed area, as well as the
delayed opening of the EGB area to trawlers until August 1%, in effect from 2008 to 2010 for all
USA trawl gear and, since 2011, for the common pool only. The use of the Ruhle and Separator
trawls may have reduced interactions with the cod quota.
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USA Discards

Discards were estimated from the ratio of discarded haddock to kept of all species, a new
methodology that was first applied for the 2009 EGB haddock assessment. This ratio is
calculated by year, quarter (or other suitable time step), gear and mesh type, and prorated to
the total landings of all species in the same time-gear category to obtain total discards (mt)
(Wigley et al. 2008b). Where time steps within the year are sparse, imputation is carried out.

Total discards in 2014 were 108 mt, an increase from 91 mt in 2013 (Table 1). Discards were
slightly greater during the first half of the year (53%). USA discards from the OTB fishery
increased slightly from 87 mt in 2013 to 105 mt in 2014 accounting for 8.2% (by weight) of the
USA haddock catch in 2014. Large mesh OTB discards were 66 mt, compared to 38 mt for
small mesh OTB. Discards from the large mesh OTB were primarily from vessels using a
separator trawl (55 mt), with only 12 mt of discards due to standard trawl gear. The scallop
fishery contributed a very small amount of discards in 2014 (2.9 mt) as did lobster pots (0.3 mt).

SIZE AND AGE COMPOSITION

Ageing Precision and Accuracy

D. Knox provided ages for the 2014 Canadian fishery and 2015 DFO survey and

S.J. Sutherland provided ages for the 2014 US fishery and the NMFS 2014 fall and 2015 spring
surveys. Age testing was conducted between the DFO reader and the NMFS reader and intra-
reader testing was conducted at both labs (Table 8; http://www.nefsc.noaa.gov/fbp/QA-QC/hd-
results.html). The NMFS reader also completed a test against the haddock reference collection,
which resulted in 93% agreement. Inter-lab agreement ranged from 72% to 94%. No bias was
detected for the exchange. Intra-reader agreement on non-reference collection samples for the
NMFS reader ranged between 92% and 100%. For the DFO reader, intra-reader agreement
ranged between 88% and 98%. Age determinations at both labs were considered to be reliable
for characterizing catch at age.

Canadian

The size and age composition of haddock in the 2014 Canadian groundfish fishery was
determined using port and at-sea samples from all principal gears with 496,341 length
measurements and 1,287 ages available to characterize the catch (Table 9). For trips that were
sampled by both at-sea observers and port samples, the length frequencies from the two
sources were combined with appropriate weighting from each source to ensure that samples
were used in a consistent manner. Examination of the quarterly size composition of haddock
sampled at sea from bottom trawls using different cod end mesh sizes/types (i.e. 145 mm
diamond mesh, 125 mm and 130 mm square mesh) indicated that all three cod ends generally
retained similar sizes of fish (Figure 6). Although some seasonal differences were apparent in
the size composition of haddock captured using 125 mm square mesh, very few trips actually
used this cod end in the 2014 fishery. Therefore, it was not considered necessary to separate
out the haddock length and age samples from all three mesh types for catch at age (CAA)
calculations. Gillnet landings were low and no length samples were available; these landings
were added in at the quarter level. Landings were applied to length samples combined by gear-
month, then combined to calendar quarters before applying quarterly age length keys. Canadian
fishery weights were derived from fishery lengths using a length-weight relationship derived
from commercial fishery samples (round weight (kg) = 0.0000158 x length (cm)*°***2; Waiwood
and Neilson 1985).

The size composition of haddock discards in the 2014 Canadian scallop fishery was
characterized by quarter using length samples obtained from 24 observed scallop trips which
comprised 13% of the total trips (24 of 181) and 15% of the total effort hours. Discards at age

4
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for 2005-2012 were updated to reflect changes in estimated amounts due to a change in the
effort measure used and changes made to the observer data (Sameoto et al. 2013). DFO
survey ages (n = 192) for sets located in the Canadian portion of 5Zjm in 2014 were combined
with port sample ages and applied to first quarter landings and discard length compositions.
Fishery age samples for quarters 2, 3 and 4 were applied to the corresponding length
compositions for both the groundfish fishery and discards.

Otter trawl contributed most to the 2014 catch at size (98% by number), followed by longline
(1.5%) and dredge discards (< 1%) (Figure 7). Haddock captured by longline had the highest
average size, followed by OTB and dredge (average fork length: Longline - 45 cm; OTB - 43 cm;
Dredge - 27 cm, with modes at 22 and 40 cm). For both OTB and longline, over 80% of the
catch was dominated by age 4 (2010 year class) while dredge catches consisted of 75% at age
1 (2013 year class) and 16% at age 4 (2010 year class). Overall, the 2014 Canadian CAA was
dominated by age 4 (2010 year class), then ages 3 (2011 year class) and 5 (2009 year class),
representing 83%, 7% and 3% of total catch; the 2003 year class (age 11) represented less
than 1%. The 9+ age group, comprised almost exclusively of the 2003 year-class, represented
5% of quarter 1 Canadian landings, but only about 1% in all remaining quarters (Table 10). The
2010 year class (age 4) was predominant in all four quarters, representing 78-86% of catches.

USA

USA landings of EGB haddock are sorted into “large”, “scrod” and “snapper” market categories
at sea and are sampled in port for lengths (FL) and ages (Table 11). In 2014, landings of large
haddock totaled 58 mt, scrod haddock 765 mt and snapper 149 mt. Length sampling for USA
EGB landings in 2014 was very limited, with no samples in quarter 1 for any market categories,
and no samples of “snappers” in quarter 4. Length and age samples were pooled to estimate
catch at age by half-year rather than by quarter, and were augmented with length and age
samples from US statistical areas 522 and 525. After augmenting samples, there was a total of
5,584 lengths and 2,532 ages for calculating the 2014 USA commercial fishery CAA. USA
fishery weights were derived from fishery lengths using a length-weight relationship for each half
year. For quarters 1 and 2, that equation is (round weight (kg) = 6.07E-06*length (cm)®'°"®%; for
quarters 3 and 4, that equation is (round weight (kg) = 7.12E-06*length (cm)>%%%4,

USA fishermen are required to discard haddock under the legal size limit (18 inches/45.7 cm
from January-June 2013, then 16 inches since July 2013). A new regulation for the 2010 fishing
year required vessels participating in a sector to retain all legal sized haddock. USA discards at
age of EGB haddock for calendar year 2014 were estimated by half-year from at-sea observer
data. In calendar year 2014, the number of observed trips from the at-sea monitoring program
was 95; a decrease from the previous year when there were 129. There were 561 trips to
eastern Georges Bank for all groundfish gear types; however the fraction of trips sampled varied
by gear: 34% of standard otter trawl trips; 52% of separator trawl trips; 13% of scallop trips; 39%
for gillnet (2 out of 5 total trips); 4% for lobster pot trips (7 out of 176 trips); and 0% for long line
trips (O out of 1 total long line trip).

As 97% of the discarding was due to the OTB fleet, there were few length samples from
remaining gears (scallop dredge, gillnet, and lobster pot). Therefore, length samples were
combined across gears. The resulting combined length frequencies by half-year were converted
to discarded number at age by applying the age length keys from the NMFS spring bottom trawl
survey (1073 ages) to quarters 1 and 2 and from the NMFS fall bottom trawl! survey (768 ages)
to quarters 3 and 4.

USA landings in 2014 had a modal size of 46 cm (Figure 8; upper panel). There were several
modal sizes for discards depending on gear type. Haddock discards from OTB with a separator
panel peaked at 20 cm, while without the panel they peaked at 20 and 28 cm. Scallop dredge
discards had a modal size of 28 cm, while discards from lobster pots peaked at 28 and 44 cm.
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The 2010 year class (age 4) represented 52% of the CAA as landings while the 2013 year
class (age 1) represented 37% of the CAA as discards (Figure 8; lower panel). Landings of the
9+ age group (mostly the 2003 year class at age 11) represented less than 3% of the CAA
(Table 11).

Combined Canada/USA Catch at Age

The 2014 Canadian and USA landings and discards at age estimates (Table 1) were summed
to obtain the combined annual catch at age and appended to the 1969 to 2013 CAA data
(Table 12; Figure 9). The CAA tracks strong year classes well (i.e. 2000, 2003 and 2010) and
showed an expansion in age structure in the mid-2000s with the contribution of the strong 2000
and 2003 year classes. The 2014 fishery was dominated by the 2010 year class (age 4), which
represented 79% of the total catch by number (82% by weight), followed by the 2011 (age 3)
and 2013 (age 1) year classes at 7% and 6%, respectively. Catches of older fish (6-9+) in 2014
were low and have declined in recent years. In comparison to the observed 2014 catch, the age
composition of the catch projections made in 2013 and 2014 for the 2014 catch predicted similar
percentages in number and weight for the 2010 year class, but were higher than observed for
the 9+ group and lower than observed for age three (Figure 10).

There has been a declining trend in the combined Canada/USA commercial fishery weight at
age (WAA) and length at age (LAA) since 2000 (Figure 11). Noteworthy is that the 2014
average fishery WAA (Table 13) and LAA (Table 14) are currently at or near the lowest values
in the CAA time series (1969-2014). The average weight of age 4 haddock in 2000 was 1.9 kg
with an average length of 55 cm. In 2014, the average weight and length of an age 4 haddock
was 0.9 kg and 43 cm.

ABUNDANCE INDICES

RESEARCH SURVEYS

Surveys of Georges Bank have been conducted by DFO each year (February/March) since
1986 and by NMFS each fall (October/November) since 1963 and each spring (April) since
1968. All surveys use a stratified random design (Figures 12 and 13). The CCGS Alfred Needler
is the standard vessel used for the DFO survey, but when unavailable, the CCGS Wilfred
Templeman, a sister ship to the Needler, was used in 1993, 2004, 2007 and 2008. No
conversion factors are available for the Templeman; however, this vessel is considered to be
similar in fishing strength to the Needler. For the NMFS surveys, two vessels have been
employed from 1963 to 2008 and there was a change in the trawl door type 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 (Forrester et al. 1997). Additionally,
two different trawl nets have been used on the NMFS spring survey, a modified Yankee 41
during 1973-81 and a Yankee 36 in other years, but no conversion factors are available for
haddock so the indices are treated as separate series.

Since spring 2009, the NMFS surveys have been conducted with the NOAA FSV Henry B.
Bigelow using a new net (4-seam, 3-bridle) and revised protocols. Length based conversion
factors have been calculated and were applied by dividing Bigelow catches at length by the
length specific conversion value to make the Bigelow survey catches equivalent to the FRV
Albatross IV catches for both the NMFS spring and fall surveys (Brooks et al. 2010).

The spatial distributions of catches by age group (1, 2, and 3+ for spring and 0, 1 and 2+ for
autumn) for the 2014 NMFS fall survey, and the 2015 DFO and NMFS spring surveys are
shown in comparison to the average distribution over the previous 10-years (Figures 14-16).
During the fall, age 0 is generally spread throughout the 5Zjm area but in 2014 many were
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captured on the Canadian side along the northern and southern edges of the Bank. While age 1
haddock generally occur on the northern half of the Bank, they were mainly caught along the
southern edge in 2014. The higher amount of age 1 (2013 year class) discards the USA fishery
compared to the Canadian fishery may be attributed to spatial differences in areas fished by the
Canadian and USA fleets as well as the distribution of the 2013 year class, which in 2014 was
along the southern edge of the Bank in 5Zm below the area of the Canadian mobile gear fishery
in 5Zj. Age 2+ fish were captured primarily in Canadian waters along the northern and southern
edges, with a distribution similar to the 10 year average. In February-March (2015 DFO survey),
age 1 and 2 haddock were distributed throughout the 5Zjm management unit somewhat more
broadly than indicated by the 10-year average, while ages 3+ occurred mostly in Canadian
waters along the northern part of the Bank similar to the 10-year average. In April-May (2015
NMFS spring survey), age 1-2 fish occurred throughout the stock area, generally similar to the
10-year average. Older fish (ages 3+) were captured mainly along the northern edge of the
Bank and were less widespread than the 10-year average.

Scaled total biomass indices (with various conversion factors applied to NMFS surveys for
doors, vessels and nets) show that the three surveys are consistent and track each other well
(Figure 17). Some year effects are evident but all three surveys show low biomass from the
early-1980s to mid-1990s, followed by a steady increase to 2007, a decline to 2010-2011,
followed by another strong increase from 2012-2015. The 2015 DFO survey index is the highest
value for the time series (1986-2015), while the 2014 NMFS fall and 2015 NMFS spring values
are at the second highest levels for their respective time series.

Age-specific total abundance indices for the three bottom trawl surveys track strong year
classes (i.e. 2000, 2003 and 2010) quite well (Figure 18). The 2015 indices of abundance for
the 2013 year class (age 2) from the DFO survey and NMFS spring surveys are at the highest
levels observed for age 2 haddock over the time series (Tables 15 and 16). While the NMFS fall
survey index for this year class (age 1) was considerably lower it was still relatively high for this
time series (Table 17). The next highest index value was for the 2010 year class at age 4 in the
2014 NMFS fall survey and age 5 in the DFO and NMFS spring surveys.

Weights at age from the DFO survey are used as beginning of year population weights and are
calculated using the method described in Gavaris and Van Eeckhaute (1998), in which weights
observed from the survey are weighted by population numbers at length and age. Similar to the
commercial fishery, the DFO survey WAA and LAA exhibit a declining trend from 2000 to
present, especially for ages 3 and older (Tables 18 and 19; Figure 19).

HARVEST STRATEGY

The Transboundary Management Guidance Committee (TMGC) has adopted a strategy to
maintain a low to neutral risk of exceeding the fishing mortality limit reference, F = 0.26
(TMGC 2003). When stock conditions are poor, fishing mortality rates should be further reduced
to promote rebuilding. The TMGC agreed to a common F strategy at its December 2002 TMGC
meeting. The F references used by both countries for “healthy” or “rebuilt” stocks were virtually
identical; that is, 0.25 for Canada and 0.26 for the USA (TMGC Meeting Summary, October 2,
2003).

ESTIMATION OF STOCK PARAMETERS

CALIBRATION OF VIRTUAL POPULATION ANALYSIS (VPA)

Calibrated Virtual Population Analysis (VPA) was used to estimate stock parameters. The
adaptive framework, ADAPT, (Gavaris 1988) was used to calibrate the VPA with the research
survey data. Details of the model formulations and model assumptions can be found in the 1998
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benchmark assessment (Gavaris and Van Eeckhaute 1998). Data and model changes to the
EGB haddock assessment framework from 1998 to 2015 are summarized in Appendix A.

The VPA was based on an annual CAA, Ca,tforagesa =0, 1, 2...8, 9+, and time t = 1969,
1970...2014 where t represents the beginning of the time interval during which the catch was
taken. Catch discards were included in the CAA. The population was calculated to the beginning
of 2015. The VPA was calibrated to bottom trawl survey abundance indices, Is,a,t for:

s=DFO,agesa=1, 2, 3...8, time t = 1986.17, 1987.17...2014.17, 2015.00

s = NMFS spring (Yankee 36), agesa =1, 2, 3...8, time t = 1969.28...1972.28 and
1982.28...2014.28, 2015.00

s = NMFS spring (Yankee 41), agesa=1, 2, 3...8, time t = 1973.28, 1974.28...1981.28
s=NMFSfall, agesa=0, 1, 2...5, time t = 1969.79, 1970.79...2014.79.

Since the population is calculated to beginning year 2015, the DFO survey and NMFS spring
survey in 2015 were designated as occurring at time 2015.00.

Statistical properties of estimators were determined using conditional non-parametric
bootstrapping of model residuals (Efron and Tibshirani 1993, Gavaris and Van Eeckhaute
1998). Population abundance estimates at age 1 and 2 exhibit a large relative error of 60% and
39%, respectively, and a large relative bias at age 1 of 14%. The relative error for other ages
was between 27% and 35% with a relative bias for ages 2 and older between 2% and 5%
(Table 20). While trends in the three surveys are generally consistent, the survey indices exhibit
high variability which is reflected in the magnitude and direction (i.e. positive or negative) of
residual values (Figure 20). Some year and cohort effects are present throughout the time
series. Noteworthy is that residuals were mostly negative for the 2015 NMFS spring and 2014
NMFS fall surveys (i.e. model predicts higher abundance than surveys). There was also a
tendency for age 0 residuals from NMFS fall surveys to be positive for the past several years,
but lower or negative for age 1 during the same period. This may contribute to the restospective
pattern observed in this assessment over the past two years.

Retrospective Analysis

A retrospective analyses was conducted for 2008-2015 to detect any trends to consistently
overestimate or underestimate age 3-8 biomass, age 5-8 fishing mortality and age 1 recruitment
relative to the terminal year estimates (Figure 21). Over the past two years, the addition of an
extra year of data has caused a bias to appear between the present assessment results and
previous assessments. Retrospective analysis shows lower biomass, higher F, and lower
recruitment for several years of the analysis, while previous assessments remain consistent. A
retrospective adjustment (denoted rho adjustment) based on the observed retrospective bias
was applied to the terminal year estimates for comparisons of status determination following the
methodology in Legault et al. (2010). Due to the recent increase in the retrospective pattern and
the potential impact on assessment advice, a sensitivity projection was conducted using rho-
adjusted age-specific stock abundance for 2015. Information on the relative change in age 3-8
biomass, age 5-8 F and age 1 recruits (Figure 22) was used to calculate a rho adjustment
(Table 21), which was then applied to the terminal year estimates for comparisons of status
determination. For the sensitivity projection, the age 3-8 biomass rho of 0.592 was used to
adjust age specific stock abundance (for all ages) at the start of 2015, which in turn was used to
calculate 3+ biomass at the beginning of 2015. When the rho adjusted estimates for biomass
and fishing mortality were plotted against the unadjusted values they were found to be well
outside the 80% and 95% confidence intervals for the unadjusted estimates (Table 22,

Figure 23).




Assessment of Haddock on Eastern Georges Bank for 2015

STATE OF RESOURCE

Evaluation of the state of the resource was based on results from the VPA for the years 1969 to
2015. For each cohort, the terminal population abundance estimates from ADAPT were
adjusted for bias estimated from the bootstrap and used to construct the history of stock status
(Tables 23-24). This approach for bias adjustment was considered preferable to using
potentially biased point estimates of stock parameters (O'Boyle 1998). The weights at age from
the DFO survey (Table 18) were used to estimate beginning of year population biomass

(Table 25). The adult (ages 3-8) population biomass trend generally reflects the g-adjusted
survey biomass trends for the DFO survey and NMFS spring survey (ages 3-8), but was lower
than indicated for the NMFS fall survey (ages 2-7) (Figure 24).

Adult biomass increased during the late-1970s and early-1980s to 38,000 mt in 1981 (Table 25;
Figure 25). The increase was due to recruitment of the strong 1975 and 1978 year classes,
which were both estimated to be above 50 million age-1 fish. However, adult biomass declined
rapidly in the early-1980s as these two cohorts were fished intensively at ages 2 and 3, and
subsequent recruitment was poor. Improved recruitment in the 1990s and the strong 2000 year
class (72 million at age 1), lower exploitation, and reduced capture of small fish in the fisheries
allowed the biomass to increase from near a historical low of 10,300 mt in 1993 to 73,000 mt in
2003. Adult biomass decreased to 50,000 mt in 2005, but subsequently increased to 102,000 mt
in 2009, higher than the 1931-1955 maximum adult biomass of about 90,000 mt. The near
tripling of the biomass from 2005 to 2009 was due to the exceptional 2003 year-class, estimated
at 210 million age-1 fish. The biomass decreased after the 2009 high and in 2012 the adult
biomass was 30,000 mt but increased in 2013, when the 2010 year class joined the 3+ group, to
99,000 mt and again in 2014 to 126,000 mt. The current estimate for 2015 is 117,000 mt (80%
confidence interval: 92,500-153,000 mt; Figure 26).

Except for the strong 2000 and 2011 year classes (72 and 34 million fish, respectively) and the
exceptional 2003 (210 million) and 2010 (275 million) year classes, recruitment has fluctuated
between 2.1 and 26.4 million age 1 fish since 1990. The current estimate of the 2013 year class
at 1,300 million fish, which is the highest in the time series (1931-1955 and 1969-2014); the
2010 year class is the second highest in the series.

Since 2003, the age at full recruitment to the fishery has been 5 (rather than age 4 as in
previous years) due to a decline in size at age (Table 14). Fully-recruited fishing mortality
(population weighted average of fully recruited ages) is presented for ages 4-8 for pre-2003 and
ages 5-8 for 2003 onwards (Table 24; Figure 27). Fully-recruited fishing mortality fluctuated
between 0.28 and 0.50 during the 1980s. After reaching a high of 0.55 in 1993, it decreased to
well below Ff in 1995, stayed below until 2003, fluctuated around 0.33 during 2004 to 2006,
and then declined to 0.13 in 2008. Fishing mortality increased to levels above F from 2010-
2012 before dropping off again in 2013. In 2014, F was estimates at 0.23 (80% confidence
interval: 0.20-0.30; Figure 26), just below F.

Consistent with the increase in age at full recruitment into the fishery, the partial recruitment at
age for EGB haddock is normalized to ages 4-8 population weighted F for 1969 to 2002 and to
ages 5-8 population weighted F from 2003 onwards (Table 26; Figure 28). Average patrtial
recruitment estimates are less variable when weighted by population numbers and are
considered more appropriate than the unweighted average. The 10-year average partial
recruitment (PR) values for 2005-2014 were used for projections of stock abundance in 2016
and 2017 (i.e. age 1: 0.003, age 2: 0.01, age 3: 0.11, age 4: 0.41, ages 5-8: 1.00 and age 9+:
0.26).
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PRODUCTIVITY

Recruitment, spatial distribution, age structure and growth generally reflect changes in
productive potential. Recruitment, while highly variable, has generally been higher when adult
biomass has been above 40,000 mt (Figure 29). Since 1969, only the 1975, 1978, 2000, 2003,
2010, 2011 and 2013 year classes have been above the average abundance of 40.5 million

age 1 fish for year classes observed during the period 1931-1955 and 1969-2014. The very high
age 3+ biomass (generally greater than about 80,000 mt) observed since 2006 has produced
two exceptional year classes, but has also produced four below average year classes

(Figure 29).

The spatial distribution patterns observed during the most recent bottom trawl surveys were
similar to the average patterns over the previous ten years for the spring surveys. Consistent
with the pattern observed for previous exceptional year-classes, the 2013 year-class was widely
distributed throughout the survey area, especially during the NMFS spring and fall surveys
(Figures 14-16). Age structure as reflected in the commercial fishery and survey catch at age
composition (i.e. Figures 9 and 18) indicate higher abundance of older fish (ages 5+) since the
mid-2000s.

An analysis of condition factor (Fulton’s K; weight/length®) was conducted using available
individual length and weight data from the DFO (1987-2015), NMFS spring (1992-2015) and
NMFS fall (1992-2015) surveys for haddock 30-70 cm FL (i.e. where there was no change in
condition at size) (Figure 30). The DFO survey data indicates that there has been a general
decline in K over time with the 2015 value being the lowest in the series. Since 2004, Fulton’s K
has generally been at or below the long term average (1987-2015) for most years except 2009.
The NMFS spring survey data also shows a decline in condition with K falling below the series
mean since 2000, but with an increasing trend since 2011. Fulton’s K values from NMFS fall
survey data are more variable but appear to have declined since 2003, with most values falling
below the long term average since then with the exception of 2008, 2013 and 2014. Since this is
a time of year when haddock would be feeding, it appears that in some years since 2003 they
did not gain enough weight to bring the condition factor back to a level above average. Given
the size of the exceptional 2003, 2010 and 2013 year classes there may also be density-
dependent effects which could be limiting the growth of several cohorts since 2003. The overall
pattern is consistent with declining trends in WAA and LAA for haddock, and is similar to trends
in condition observed in Eastern Georges Bank cod (Wang and O'Brien 2013) and Georges
Bank yellowtail flounder (Legault et al. 2013).

Both fishery and survey average lengths and weights at age have declined considerably since
2000 (Figures 11 and 19) with some values currently at or 