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Scientific Council June Meeting Participants
01 714 June 2018

Scientific Council Chairs
From left to right: Eugene Colbourne (Interim Chair of STACFEN), Brian Healey (Chair of Scientific Council),
Karen Dwyer (Chair of STACFIS), Tom Blasdale i&tific Council Coordinator), Carmen Fernandez (Vice
Chair of Scientific Council and Chair of STACREC), and Margaret Treble (Chair of STACPUB)
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REPORT OFRSCIENTIFICCOUNCIL MEETING
01 -14 June 2018

Chair: Brian Healey Rapporteur: Tom Blasdale

I.PLENARY SESSIONS

The Scientific Council met at the Sobey Buil d4l4ag, Sain
June 2018, to consider the various matters in its Agenda. Representatives attended from Canada, Denmark (in

respect of Faroe Ishnds and Greenland), the European Union (Portugal, Spain, the United Kingdom) Japan,

the Russian Federation and the United States of America. Observers from the Ecology Action Ceanticethe

Shark Alliancewere also present. The Executive Secretary, Sciditt Council Coordinator and other members

of the Secretariat were in attendance.

The Executive Committee met prior to the opening session of the Council to discuss the provisional agenda
and plan of work.

The Council was called to order at 10000urs on 01 June 2018. The provisional agenda wasdopted with
modification. The Scientific Council Coordinator was appointed the rapporteur.

The opening session was adjourned at 1100 hours on 01 June 2018. Several sessions were held throughout
the course of themeeting to deal with specific items on the agend&he Council consideredand adopted the
STACFEN report on 8 June 2018, and the STACPUB, STACFIS and STACREC reports on 13 June 2018.

The concluding session was called to order at 0830 hours on 14 June 2018.

The Council considered andadopted the report the Scientific Council Report of this meeting of 0114 June
2018. The Chair received approval to leave the report in draft form for about two weeks to allow for minor
editing and proof-reading on the usual strict understanding there would be a substantive changes.

The meeting was adjourned at 1430 hours on 14 June 2018.

The Reports of the Standing Committees as adopted by the Council are appended as follows: Appendix |
Report of the Standing Committee on Fisheries Environment (STACFEN), Apgix 1l - Report of Standing
Committee on Publications (STACPUB), Appendix IH Report of Standing Committee on Research
Coordination (STACREC), and Appendix NReport of Standing Committee on Fisheries Science (STACFIS).

The Agenda, List of Research CR) and Summary (SCS) Documents, and List of Representatives, Advisers and
Experts, are given in Appendix WII.

The Council’s considerations on the Standing Committee
follow in Sections [FXV.

II.REVIEW OFSCIENTIFIC COUNCILECOMMENDATIONS IN 207

Recommendations from 2017 are considered in the relevant section of this report.

Northwest Atlantic Fisheries Organization www.nafo.int
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[ll. FISHERIES ENVIRONMEN

The Council adopted the Report of the Standing Committee on Fisheries Environment (STACFEN), as
presented by the Interim Chair,Eugene ColbourneThe full report of STACFEN is in Appendix I.

The recommendationmade by STACFEN for the work of the Scientific Council @sdorsed by the Council,
are as follows:

il

STACFENecommends consideration of Secretariat support for an invited speaker to address
emerging issues and concerns for the NAFO Convention Area during the 2019 STACFEN Meeting.

IV.PUBLICATIONS

The Counciladopted the Report of the Standing Committee on Publication (STACPUB) as presentedthy
Chair, Margaret Treble. The full report of STACPUB is in Appendix Il.

The recommendations made by STACPUB for the work of the Scientific Councikeadorsed by the Council,
are as follows:

f

STACPUBrecommends that the Secretariat remove the WESA repar from the SC Reports
(Redbook) and instead include a hyperlink to the report. This will address SC transparency and
communication objectives. The Joint NAFO CommisSlomentific Council documents can remain in
the Meeting Proceedings of the Commission.

STACPUBecommends that the Secretariat provide a summary of the 2018 ASFA Board Meeting
for the June 2019 STACPUB meeting and that the Secretariat continue to submit SC documents
and publications to the ASFA database.

STACPUBecommends that the Secretarat explore ways to make SC meeting documents from
previous meetings available on the SharePoint.

STACPUBecommends that the Secretariat provide a group email on the Designated Experts
webpage.

STACPUBecommends that the Secretariat and the Chair of STAGB work intersessionally to
develop a set of guidelines for the SCS documents, including consideration of the national research
reports, and present these for review by STACPUB in June 2019.

STACPUBecommends that the Secretariat include a link to the Gdelines in the January letter to
ensure SC members are informed as to the requirements determined by SC for these documents.
STACPUBecommends that the Secretariat research bibliographicitation or reference software

that can be used to facilitate thealvnload of citations for all documents and publications within
NAFO, not just the Journal.

V.RESEARCH COORDINATION

The Council adopted the Report of the Standing Committee on Research Coordination (STACREC) as
presented by the ChairCarmen FernandezThe full report of STACREC is in Appendix IlI.

The recommendations made by STACREC for the work of the Scientific Councieadorsed by the Council,
are as follows:

il

In 2016, STACREC discussed whether STACFIS catch estimates used in stock assessments should
be made available on the NAFO website. Meeting participants noted several scientific studies
(including work conducted at SC working graps) have been published assuming STATLANT
data extracted from the NAFO website are the best estimates of removals for NAFO managed
resources. It was noted thathe former NAFO Statistical Bulletins published by NAFO contained
text to notify researchers ofliscrepancies between STATLANT and STACFIS (see NAFO, 1996, p.9)
It was suggested thatsimilar notification be added to the STATLANT Extraction Tool webpage to
avoid future confusion

To facilitate progress,STACRECecommended that the SC chair should initiate discussion with the
chairs of FC and GC during the Sept 2016 Annual Meeting. Due to high workload, no progress has
occurred to date.

Northwest Atlantic Fisheries Organization www.nafo.int
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In September 2017, it was agreed that the SC Chair would discuss the issue with the NAFO Wixec
Secretary and the Commission chair to request adding this note of clarification to the STATLANT 21A
webpage. STACREC reiterates thiscommendation .

1 STACREGecommends that all surveys should aim to examine redfish composition at the species
level, vhile recognising that this may not always be achievable due to traufts between different
activities and aims of surveys.

VI.FISHERIES SCIENCE

The Counciladopted the Report of the Standing Committee on Fisheries Science (STACFIS) as presented by
the ChairKaren Dwyer. The full report of STACFIS is in Appendix IV.

There were no general recommendations arising from STACFIS. The Council endorsed recommendations
specific to each stock and they are highlighted under the relevant stock considerations in the STACFport
(Appendix IV).

VII.MANAGEMENT ADVICE AN RESPONSES TO SPEACIREQUESTS
1. The NAFOCommission

The Commission requests are given in Annex 1.

The Scientific Council noted the Commission requests for advice on Northern shrimp (Northern shrimp in
Div.3M and Diw.3LNO (Item 1)) will be undertaken during the Scientific Council meeting onl7 to 23
October2018.

a) Request for Advice on TACs and Other Management Measures

The Fisheries Commission at its meeting of SeptembeP010 reviewed the assessment schedule of the
Scientific Council and with the concurrence of the Coastal State agreed to request advice for certain stocks on
either a two-year or three-year rotational basis. In recentyears, thorough assessments of certain stocks have
been undertaken outside of the assessment cycle either at the requesttbé Commission or by the Scientific
Counci |l given recent stock devel opment s.

Northwest Atlantic Fisheries Organization www.nafo.int
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Cod in Division 3M Advice June 2018 for 2019

Recommendation for 2019
Scientific Council notes that the strong year classes of 2009 to 2011 are dominant in the current SEB.
Subsequent recruitments are much lower, therefore substantial declines in stock size are expectacr the
medium term under any option.

For 2019, SC recommends a catch of no more than 20 79gield at % Fim).

Catches above % increase the risk of being below B in the medium term.

Management objectives

A management strategyevaluation process has been initiated for this stock by Commission and Scientific
Council but is not yet been finalized. At this moment general convention objectives (NAFO/GC Doc 08/3) are
applied.

Convention objectives Status Comment/consideration

Restore to or maintain atBmsy Q Stock well aboveBim. Bmsyis unknown @ oK

Eliminate overfishing Q@ F<Fim O Intermediate

Apply Precautionary Approach @ Fim and Bim defined, HCR in development @ Not
accomplished

Minimise harmful impacts onliving @ VME closures in effect, no specific measures.| O  Unknown

marine resources and ecosystems

Preserve marine biodiversity Q Cannot be evaluated

Management unit
The cod stock in Flemish Cap (NAFO Div. 3M) is considered to be a separate population.

Stock status
Current SSB is estimated to be well abovei® However, since 2015 recruitment has been very low. F
increased in 2010 with the reopening of thefishery although it has remained below m (0.153) since 2000.

Northwest Atlantic Fisheries Organization www.nafo.int
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Reference points

Biim: 20 000 t of spawning biomass (Scientific Council, 2018).
Fiim = Fso%spPr 0.153 (Scientific Council, 2018)
Projections
B | SSB | Yield
Median and 90% CI
Foa=Fim (median=0.15)
2018 108705 (94014 - 125180) 100343 (86263- 116383) 11145
2019 95351 (80800 - 111466) 90123 (76337 - 106201) 26502
2020 51428 (40481 - 64418) 47805 (37198 - 60396) 14260
2021 29467 (20160 - 40273) 26392 (17815 - 36684)
Foa=3/4F im (median=0.12)
2018 108705 (94014 - 125180) 100343 (86263- 116383) 11145
2019 95351 (80800 - 111466) 90123 (76337 - 106201) 20796
2020 56533 (45623 - 69596) 52867 (42341 - 65526) 12359
2021 35407 (26166 - 46024) 32204 (23660 - 42420)
Fra=F2015-2017(median=0.07)

2018 108705 (94014 - 125180) 100343 (86263- 116383) 11145
2019 95351 (80800 - 111466) 90123 (76337 - 106201) 13863
2020 62796 (51855 - 75854) 59056 (48509 - 71796) 9191
2021 43374 (34048 - 54034) 39963 (31485 - 50314)
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Yield P(B < Bm) P(F > fin)
2018 2019 2020 | 2018 2019 2020 2021 | 2018 2019 2020 [ P(Bzi> Bus)
Fim= 0.15 11145 26502 14260 | <1% <1% <1% 13% <1% 50% 50% <1%
3/4Fm=0.12 | 11145 20796 12359 | <1% <1% <1% 1% <1% 1% 5% <1%
Feois-200= 0.07 | 11145 13863 9191 | <1% <1% <1% <1% <1% <1% <1% <1%

Although advice is given only for 2019, projection results are shown to 2021 to illustrate the medium term

implications.

The results indicate that under all scenarios total biomass and SSB during the projected years will decrease

sharply. The probability of SSB being below & in 2020 is very low (<1%) in all cases. For both do15-2017 and
¥ FRim, the probability of SSB being below B i n

2021

i s

very
below Bim is 13% if F = km. The probability of SSB in 2020 or 2021 being above that in 281s <1%

ow

Under 3/4 Fim and Fo15-2017, the probability of F exceeding im is less than or equal tcc%.

Under all scenarios, the projected Yield increases in 2019, but decreases again for 2020.

Assessment

(<1%) .

However

A new Bayesian SCAA model was used as the basis for the assessment of this stock for the first time. This

model was approved during the 2018 3M cod bechmark. As a result of poor reliability of catch data prior to

1988, the assessment was conducted from 1988 to 2017.

The results of the Bayesian SCAA model have changed the perception of recent stock size compared to
previous assessments. The level of M higher than that in previous assessments; this may result in higher
changes in stock abundance estimates from year to year and also in projections. Higher stock abundance is

derived from the Bayesian SCAA, especially since 2010, which implies a higlerel of SSB and a lower level

of F. Recruitment is estimated at very low levels over the last years, which implies that the SSB is projected to
decrease in the near future.

Timing of the next full assessment of this stock will be subject to the timelines the ongoing MSE process.

Human impact

Mainly fishery related mortality. Other sources (e.g. pollution, shipping, eihdustry) are undocumented.

Biological and environmental interactions

Redfish, shrimp and smaller cod are important prey items focod. Recent studies indicate strong trophic

interactions between these species in the Flemish Cap.

Fishery

Cod is caught in directed trawl and longline fisheries and as bycatch in the directed redfish fishery by
trawlers. The fishery is regulated by quaa.

tonnes)

Recent catch estimates and TACs (°000
,000 tons 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
TAC ndf 5.5 100 93 141 145 138 139 139 111
STATLANT 21 1.2 5.2 100 91 135 144 128 138 139
STACFIS 1.2 9.3 128 128 140 143 138 140 13.9

ndf —no directed fishing

Effects of the fishery on the ecosystem

e as f

General impacts of fishing gear on the ecosystem should be considered. A large area of Div. 3M has been
closed toprotect sponge, seapens and coral.

Sources of information
SCS Doc. 18/05, 18/07, 18/08, 18/09, 18/13, 18/14, 18/18; SCR Doc. 95/73, 18/08, 18/38; and NAFO/GC

Doc 08/3.

Northwest Atlantic Fisheries Organization
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American Plaice in Div isions 3LNO Advice June 2018 for 20122021

Recommendation for 2019 -2021

SSB remains belovBim, therefore Scientific Council recommends that, in accordance with the rebuilding plap
there should be no directed fishing on American plaice in Div. 3LNO in 2019, 2020, and 2021. Bycatches of
American paice should be kept to the lowest possible level and restricted to unavoidable bycatch in fisheries
directing for other species.

Management objectives
In 2011 FC adopted an “Interim 3LNO American Plaice Co
11/21). There is a Harvest Control Rule (HCR) in place for this stock.

Convention objectives Status Comment/consideration

Restore to or maintain atBnsy @ B<Bim @ oK
Eliminate overfishing @ No directed fishery, current bycatches | @ Intermediate
are delaying recovery
Apply Precautionary Approach @ Reference points defined @ Not accomplished
Minimise harmful impacts on VME closures in effect, no specifii O Unknown
living marine resources and Q measures.
ecosystems
Preservemarine biodiversity Q Cannot be evaluated

Management unit
The management unit is NAFO Divisions 3LNO. The stock is distributed throughout Div. 3LNO but historically
most of the biomass was found in Div. 3L

Stock status

The stock remains low compared to historic levels and is presently at 34% of thenBlevel. Recruitment has
been low since the late 1980s, but Canadian surveys indicate a large number of peeruits in Div. 3L in
recent years. Current estimates of fishing mortality are very low.

Northwest Atlantic Fisheries Organization www.nafo.int
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Projections

33"j0nnm J Yield (t)
Median (90% CI)
F=0
2019 17.0 (14.6,19.8) -
2020 18.0 (15.5, 21.0) -
2021 19.5 (16.6, 23.0) -
2022 21.1 (18.0, 25.3) -
F2015-2017 = 0.08
2019 17.0 (14.7,19.7) 1542
2020 16.7 (14.4,19.5) 1538
2021 16.9 (14.5, 19.9) 1567
2022 17.2 (14.8, 20.7) 1594
Fishing Yield P(SSB8im)
Mortali P(SSBo22>SSBozs)
ty 2019 | 2020 | 2021 | 2022 | 2019 | 2020 | 2021 2022
F=0 - - - - >99% | >99% | >99% | >99% 99%
50153?67&3: 1542 | 1538 | 1567 | 1594 | >99% | >99% | >99% | >99% 47%

Simulations were carried out to examine the trajectory of the stock under 2 scenarios of fishing mortaliti:=

0 and F= F20152017 (0.08). SSB was projected to have a probability of >0.99 of being less thH&n by the start
of 2022 under both fishing motality scenarios. Under the F=0 scenatrio, there is a 99% probability that SSB in
2022 will be greater than in 2018, however this is reduced to 47% probability under F statuguo. Even very
low levels of F are inhibiting growth of the stock.

Assessment
An analytical assessment using the ADAPTive framework tuned to the Canadian 3LNO spring, Canadian 3LNO
autumn and the EUSpain Div. 3NO survey.

Given the low potential for stock growth, the next full assessment is scheduled for 2021.

Human impact
Mainly fishery related mortality. Other sources (e.g. pollution, shipping, eihdustry) are undocumented.

Biological and environmental interactions

Capelin and sandlance as well as other fish and invertebrates are important prey items for American plaice.
There has been a decrease in age at 50% maturity over time, possibly brought about by some interaction
between fishing pressure and environmental/eosystem changes during that period. The Grand Bank (3LNO)
EPU is currently experiencing low productivity conditions and biomass has declined across multiple trophic
levels and stocks since 2014.

Fishery

The stock has been under moratorium since 1995American plaice in recent years is caught as bycatch
mainly in otter trawl fisheries of Yellowtail Flounder, skate, Greenland Halibut and redfish. In 2015 and 2016,

Northwest Atlantic Fisheries Organization www.nafo.int
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STATLANT 21A data was used for Canadian fisheries and Daily Catch Records (DCR) for fisharithe NRA.
Catches for 2017 were obtained from CESAG estimates.
Recent catch estimates and TACs are:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf ndf ndf ndf ndf ndf ndf ndf ndf ndf
STATLANT 21 1.8 1.5 1.2 1.3 2.2 1.4 1.1 1.7 1.2
STACFIS 3.0 2.9 2.41 2.1 3.0t 2.3t 1.12 1.72 1.2

ndf No directed fishing.
1 Catch was estimated using fishing effort ratio applied to 2010 STACFIS catch.
2 Catch was estimated using STATLANT 21 data for Canadian fisheries and Daily CatgioRe for fisheries in the NRA.

Effects of the fishery on the ecosystem

No specific information is available. There is no directed fishery for this stock. Generahpacts of fishing
gears on the ecosystem should be considered. Areas within Divs. 3LNO have been closed to protect sponges
and coral.

Special Comments

There is a tendency to overestimate SSB and underestimate F in the assessment model. In the current
assessment there is a substantial downwards (47%) revision of the SSB in 2016, relative to the 2016
assessment.

Sources of information

SCS Doc. 18/05, 18/06, 18/07, 18/08, 18/13, 18/14, 18/15; SCR Doc. 18/11, 18/17, 18/18, 18/19FC Doc.
11/21.

Northwest Atlantic Fisheries Organization www.nafo.int
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Advice June 2018 for 20122020

Recommendation for 2019 -2020

The stock hasbeen stable at recent catch levels (approximately 4 060 t, 20£32017) however, given the low
resilience to fishing mortality and higher historic stock levels, Scientific Council advises no increase in catches,

Management objectives

No explicit managemat plan or management objectives defined by the Commission. General convention
objectives (NAFO/GC Doc 08/3) are applied. Advice is based on survey indices and catch trends in relation to

estimates of recruitment.

Convention objectives Status  Comment/consideration

Restore to or maintain atBmsy Qo Bmsyunknown, stock at low level
Eliminate overfishing Q Fmsy unknown, fishing mortality is low
Apply Precautionary Approach ® Bim defined from survey indices
Minimise harmful impacts on living o No specific measures, general VM
marine resources and ecosystems closures in effect

Preserve marine biodiversity @) Cannot be evaluated

OK
Intermediate
Not accomplished

C e0e@

Unknown

Management unit
The management unit is confined to NAFO Div. 3LNO, which is a portion of the stock that is distributed in
NAFO Div. 3LNO and Subdivision 3Ps.

Stock status

The stock is currently above Bn. The probability that the current biomass is aboveBim is >95%. Total survey
biomassin Divs 3LNOPs has remained stable since 200Recruitment in 2017 was above averagerishing
mortality is currently low.
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Reference points
Bim defined from surveyindices as Bss; NAFO 2015

Assessment

Based upon a qualitative evaluation of stock biomass trends and recruitment indices, the assessment is
considered data limited and as such associated with a relatively high uncertainty. Input data are research
survey indices and fishery data. The next full assessment of this stock is planned for 2020.

Human impact
Mainly fishery related mortality has been documented. Mortality from other human sources (e.g. pollution,
shipping, oil-industry) are undocumented.

Biology and Environmental interactions

Thorny Skate are found over a broad range of depths (down to 840 m) and bottom temperaturesl(7 -
11.5°C). Thorny Skate feedn a wide variety of prey speciesmostly on crustaceans and fish. Recent studies
have found that polychaete worms and shrimp dominate the diet of Thorny Skates in Div. 3LNO, while
hyperiids, Snow Crabs, Sand Lance, and euphausiids are also important prey items.

The Grand Bank (S3LNO) EPU is currently experiencing low productivity conditions arlilomass has declined
across multiple trophic levels and stocks since 2014.

Fishery

Thorny Skate is caught in directed gillnet, trawl and longdine fisheries. In directed Thorny Skate fisheries,
Atlantic Cod, Monkfish, American Plaice and other speciesedanded as bycatch. In turn, Thorny Skate are
also caught as bycatch in gillnet, trawl and longine fisheries directing for other species. The fishery in NAFO
division 3LNO is regulated by quota.

Recent catch estimates and TACs (000 t) are:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Div. 3LNO:
TAC 135 12 12 8.5 7 7 7 7 7 7
STATLANT 21 5.7 5.4 55 4.3 4.4 4.5 3.3 35 4.2
STACFIS 5.6 3.1 5.4 4.3 4.4 4.5 3.4 35 4.5

Effects of the fishery on the ecosystem
No specificinformation is available. General impacts of fishing gears on the ecosystem should be considered.

Special comments
The life history characteristics of Thorny Skate result in low rates of population growth and are thought to
lead to low resilience to fishhg mortality.

Sources of Information
SCR Doc. 14/23, 15/40, 18/13,17,18,27; SCS Doc. 18/07,08,13,15.

Northwest Atlantic Fisheries Organization www.nafo.int



20 SC 01-14 June 20B

Yellowtail flounder in Divisions 3LNO Advice June 2018 for 20122021

Recommendation for 2019 to 2021
At a fishing mortality of 85% Fmsy catches of 24 900 t, 22 500 t, and 21 100 t in 2019 to 2021, respectively,
have less than a 30% risk of exceedinglim. At these yields the stock is projected to have an 82% probability
of remaining aboveBmsy.

Management objectives

No explicit management plan or management objectives are defined by the Commission. General convention
objectives (NAFO/GC Doc 08/3) are applied. Advice is provided in the context of the Precautionary Approach
Framework (NAFO/FC 04/18).

Convention objectives Status  Comment/consideration

Restore to or maintain atBmsy @ B>Bnsy ® oK

Eliminate overfishing @ F<Fim o Intermediate

Apply Precautionary Approach ® Stock in the safe zone of PA framework @ Not
accomplished

Minimise harmful impacts on By-catch regulations in place for O Unknown

living marine resources and Q moratorium  stocks, general VME

ecosystems closures in effect

Preserve marine biodiversity @ Cannot be evaluated

Management unit
The stock occurs in Divisions 3LNO, mainlgoncentrated on the southern Grand Bank and is recruited from
the Southeast Shoal area nursery ground.

Stock status

The stock size has steadily increased since 1994 and is presently 1.5 tinisy(Bmsy=87.63 Kt). There is very
low (<1%) risk of the stock being below Bmsy 0or F being aboveFmsy. Recent recruitment appears higher than
average.

Northwest Atlantic Fisheries Organization www.nafo.int
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Projections

Projections with catch in 2018 = avg catch 2013-2017 (8 800 t)
Year Yield ("000t) Projected relative Biomad3(B )
median median (90% CL)
Fstatus quo =0.07
2019 9.14 1.56 (1.07,2.1)
2020 9.30 1.59(1.09, 2.14)
2021 9.41 1.62 (1.11, 2.17)
2022 1.63(1.12,2.19)
2/3 Fysy=0.14
2019 19.52 1.56 (1.07,2.1)
2020 18.41 1.47 (0.99, 2)
2021 17.77 1.42(0.93, 1.96)
2022 1.39 (0.89, 1.93)
85% Fysy=0.18
2019 24.88 1.56 (1.07,2.1)
2020 22.49 1.41 (0.94, 1.94)
2021 21.09 1.32 (0.85, 1.86)
2022 1.27 (0.77,1.82)
Fusy=0.21
2019 29.28 1.56 (1.07,2.1)
2020 25.50 1.36 (0.9, 1.88)
2021 23.37 1.25(0.77,1.79)
2022 1.17 (0.67,1.73)
9EAT A | Om1l P(F>Fim) P(B>Bim) P(B>Bmsy)
2019 2020 2021 | 2019 2020 2021 | 2019 2020 2021 2022 | 2019 2020 2021 2022 P(B2022>B201s)
Fetatus quo = 0.07 914 930 941 | <1% <1% <1% | <1% <1% <1% <1% 3% 3% 3% 2% 62%
2/3 Fusy=0.14 19.52 1841  17.77 6% % 8% <1%  <1%  <1% <1% 3% 5% % 10% 37%
85% Fusy=0.18 | 24.88 2249 21.09 | 25%  25%  27% | <1% <1%  <1% <1% 3% 7% 12% 18% 28%
Fusy=0.21 29.28 25.50 23.37 50% 50% 50% <1% <1% <1% <1% 3% 9% 18% 27% 22%

Projections were conducted assuming catch in 2018 to be the average of that in 202317, followed by
constant fishing mortality from 2019-2021 at either Fstatus qua 2/3 Fmsy, 85% Fmsy, and Fmsy. Fishing at Fmsy
would first lead to a considerable yield in 2019, but yields are then projected to decline in the medium term
with catch at2/3 Fmsy, 85% Fmsy, andFmsy. The risk of biomass being belovBim is less than 1% in all years for
eadh scenario. The probability that biomass in 2022 is greater thanzBs is 0.62, 0.37, 0.28 and 0.22 fdfstatus
quo, 2/3 Fmsy, 85% Fmsy, andFmsyrespectively.

Assessment
A Bayesian surplus production model was used for the first time and results were comparable to the previous
assessment. Input data comes from research surveys and the fishery.

The next assessment is planned for 2021.

Human impact
Mainly fishery related mortality has been documented. Other sources (e.g. pollution, shipping, -oildustry)
are undocumented.

Biology and Environmental interactions

As stock size increased from the low level in the mi@0s, the stock expanded northward and continues to
occupy this wider distribution. This expansion of the stock coincided with warmer temperatures;
temperatures continue to warm, and will likely not limit the stock distribution in the near future.

Northwest Atlantic Fisheries Organization www.nafo.int
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Despite the increase in stock size observed since the m@ads, theaverage length at which 50% of fish are
mature has been lower for both males and females in the recent period. There also seems to have been a
slight downward trend in weight at length since 1996. The cause of these changes is unknown.

The Grand Bank (3LXD) EPU is currently experiencing low productivity conditions and biomass has declined
across multiple trophic levels and stocks since 2014.

Fishery

Yellowtail flounder is caught in a directed trawl fishery and as byatch in other trawl fisheries. The fshery is
regulated by quota and minimum size restrictions. Catches in recent years have been low due to industry
related factors. American plaice and cod are taken as {match in the yellowtail fishery. There is a 15% by
catch restriction on American plai@ and a 4% limit on cod.

Recent catch esti mates and TACs (000 t) are as foll ow:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC 17 17 17 17 17 17 17 17 17 17
STATLANT 21 5.5 9.1 5.2 3.1 10.7 8.0 6.7 8.3 9.2
STACFIS 6.2 9.4 5.2 3.1 10.7 8.0 6.9 9.3 9.2

Effects of the fishery on the ecosystem

Fishing intensity on yellowtail flounder has impacts on Div. 3NO cod and Div. 3LNO American plaice through
by-catch. General impacts of fishing gears on the ecosystem should also be considered. Areas within Divs.
3LNO have been closed to protect sponge ardral.

Special comments

Catch of yellowtail flounder has been below TAC in recent years. Management decisions on this stock should
also take into consideration impacts on other fisheries. Increased catch of yellowtail flounder may increase
by-catch of Dv. 3NO cod and Div. 3LNO American plaice.

Sources of information

SCR11/34, 18/012, 18/017, 18/036, 18/038, 18/048; SCS 18/05, 18/06, 18/07, 18/08, 18/13, 18/14,
18/15; NAFO/GC Doc 08/3 NAFO/FC 04/18.
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Cod in Divisions 3NO Advice June2018 for 2019 - 2021

Recommendation for 2019 z 2021

No directed fishing in 2019 to 2021 to allow for stock rebuilding. Bycatches of cod in fisheries targeting
other species should be kept at the lowest possible level. Projections of the stock were not performed, but
given the poor strength of all year clases subsequent to 2006, the stock will not reacBim in the next three
years.

Management objectives

General convention objective are applied in conjunction with an Interim Conservation Plan and Rebuilding

Strategy adopted in 2011 (NAFO/FC Doc. 11/22)The longterm objective of this plan is to achieve and to

mai ntain the spawni ng st ofthk NAFOPA framevwork (F@ Dot. 0418);'agceaftoe  zone”
near Bmsy.

Convention objectives Status Comment/consideration

Restore to or maintain atBmsy @ B <Bm W OK

Eliminate overfishing &) Fis very low, F < Fim 2 Intermediate
Apply Precautionary Approach i Bim and Fim established, no directed fishery. | i@ Not accomplished
Minimise harmful impacts on living ® No directed fishery ] Unknown

marine resources and ecosystems

Preserve marine biodiversity @] Cannot be evaluated

Management unit
The stock occurs in Divs. 3NO, with fish occupying shallow parts of the bank, particularly the southeast shoal
area(Div. 3N) in summer and on the slopes of the bank in winter.

Stock status

The spawning biomass increased noticeably between 2010 and 2015 but has subsequently declined and the
2018 estimate of 18,537 t represents only 31% oBim (60,000 t). The 2006 year class remains relatively
strong and at age 12 in 2018 makes up more than half of the estimated SSB. Subsequent year classes are much
weaker, suggesting that the mediunterm prospects for the stock are not good. Fishing mortalityalues over

the past decade have been low and well belofim (0.3).
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Projections

A decision was made to not project the stock forward because tt#906 year class, which in 2018 is age 12

and makes up more than half of the estimated SSB, will no longer be part of the virtual population starting in

2019. This is a limitation of the current model formulation which ends at age 12 (i.e. there is no plgsoup)

and any attempt to project the stock forward would be
year class from the population. Revising the assessment model to incorporate a plus group is considered of

high priority for this assessment going forward. Although projections of the stock were not performed, the

poor strength of year classes subsequent to 2006 suggests that the mediterm prospects for the stock are

not good.

Assessment

A sequential population analysis model was used, dnthe results were consistent with the previous
assessment. Input data comes from research surveys and commercial removals

The next assessment is planned fat021.
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Human impact
Mainly bycatch related fishery mortality has been documented. Othesources (e.g. pollution, shipping, oil
industry) are undocumented.

Biology and Environmental interactions

Productivity of this stock was above average during the warm 1960s. During the cold 1990s, productivity
was very low and surplus production was nearzero. The Grand Bank (3LNO) EPU is currently experiencing
low productivity conditions and biomass has declined across multiple trophic levels and stocks since 2014.

Fishery
A moratorium was implemented in 1994. Catches since that time are fmatch inother fisheries.

Recent catch esti ommedgar®e and TACs (000 t

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf ndf ndf ndf ndf ndf ndf ndf ndf ndf
STATLANT 21 0.6 0.8 0.8 0.7 1.1 0.7 0.5 0.6 0.6
STACFIS 1.1 0.9 0.8 0.7 1.1 0.7 0.6 0.7 0.6

ndf : No directed fishery

Effects of the fishery on the ecosystem

No specific information is available. There is no directed fishery for this stock. General impacts of fishing
gears on the ecosystem should be considered. Areas of Divs. 3hNe been closed to protect spongeand
corals.

Special comments

Recent stock trends in SSB differ between this and the previous (2015) assessment. The previous assessment
estimated SSB in 2015 to be 64% ofiB, whereas the current estimate for 2015 is oly 39% of Bim.
Differences result from the fact that weights at age for 2015 (i.e. the terminal year) in the 2015 assessment
were simply the average of the three previous years, whereas the current assessment uses actual estimates of
weights at age for 2A5 that were not available at the time of the previous assessment. These new weights at
age for 2015 are much lower than the mean values used in the previous assessment and largely contribute to
/ the lower estimates of SSB.

Sources of information
SCR Docs18/ 11,17, 28 SCS Docs8l15, 6, 7, 813, 14, 15
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Capelin in Divisions 3NO Advice June2018 for 2019 - 2021

Recommendation for 2019 -2021
No directed fishery.

Management objectives

No explicit management plan or management objectives defined e Commission. General convention

objectives (GC Doc. 083) are applied. Advice is based on qualitative evaluation of biomass indices in
relation to historic levels.

Convention objectives Satus Comment/consideration

Restore to or maintain atBmsy @ Bmsyunknown, stock at low level @ OK

Eliminate overfishing ) No directed fishery Q Intermediate

Apply Precautionary Approach ) Reference points not defined @ Not
accomplished

Minimise harmful impacts on living ® VME closures in effect, no directed fishing (@) Unknown

marine resources and ecosystems

Preserve marine biodiversity Q Cannot be evaluated

Management unit
The capelin stock is distributed in Div. 3NO, mainly on the Grand Bank.

Stock status
Acoustic surveys series terminated in 1994 indicated a stock at a low level. Although biomass indices have
increased in recent years, bottom trawl surveys are not condered a satisfactory basis for a stock assessment
of a pelagic species
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Projections
Quantitative assessment of risk at various catch options is not possible for this stock at this time.

Assessment

Assessment was based on evaluation of trends in acoustic survey data (19451994) and bottom trawl
surveys (1995—2017). Bottom-trawling i s not a satisfactory basis for a stock assessment of a pelagic species.
The assessment is only indicative of major changes in abundance.

Next full assessment is scheduled for Z21..

Human impact
Low fishery related mortality due to moratorium and low bycatch in other fisheries. Other sources (e.g.
pollution, shipping, oil industry) are considered minor.

Biological and Environmental Interactions

Changes in growth, maturity and recruitment are linked to temperature on the Grand Bankshe Grand Bank
(BLNO) EPU is currently experiencing low productivity conditions and biomass has declined across multiple
trophic levels and stocks since 2014.

Fishery

Capelin was caught in a directed trawl fishery. There is low bycatch in other trawl fisherie3he directed
fishery was closed in 1992 and the closure has ntinued through 2017. No catches have been reported for
this stock from 1993 except 1 t of Spanisktatch in 2014 and 5 t Estonian catch in 2016n 2017, 11t of
discardswere reported. Recent catch estimates and TACs (t) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf ndf ndf ndf ndf ndf ndf ndf ndf ndf
STATLANT 21 0 0 0 0 0 1 0 5 0

ndf no directed fishing

Effects of the fishery on the ecosystem
No fishery.

Special comments

Bottom-trawling is not a satisfactory basis for a stock assessment of a pelagic species and survey results are
indicative only. Investigations to evaluate the status of capelin stock should utilize trawl acoustic surveys to
allow comparison with historical time series.

Source of Information
SCR Doc. 18/046, SCS Doc. 18/007
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Alfonsino in Division 6G Advice June 2018 for 20122021

Recommendation for 2019, 2020 and 2021
Due to lack of abundance or exploitation data, no reliable stock assessment can be conducted. Scientific
Council is unable to advise on an appropriate TAC for 2019, 2020 and 2021.

As previously recommended, to prevent extirpation of entire subpopulmns of Alfonsino, fishing should
not be allowed to expand above current levels on Kikenthal Peak (Div. 6G, part of the Corner|Rise
seamount chain) unless it can be demonstrated that such exploitation is sustainabled disheries
on other seamounts should not be authorized.

Management objectives
No explicit management plan or management objectives defined by the Commission. General convention
objectives (NAFO/GC Doc 08/3) are applied. At present this stock is unregulated.

Convention objectives Status Comment/consideration

Restore to ormaintain at Bmsy Q Cannot be evaluated @ OK

Eliminate overfishing Q Unknown F level Q Intermediate
) Not

Apply Precautionary Approach Q Reference points not defined accomplished

inimi i ivi . Unknown

M|n|_m|ze harmful impacts on living o Unknown gear impact Q

marine resources and ecosystems

Preserve marine biological biodiversity O Cannot be evaluated

Management unit

Alfonsino is distributed over a wide area which may be composed of several populations. Stock structure is
unknown. Until more complete data on stock structure is obtained it is considered that separate populations
live on each seamount. Alfonsino is an eanic demersal species which form distinct aggregations, at 36950

m depth, on top of seamounts in the North Atlantic.

Stock status
Presently unknown. The only available information on biomass covers a period ending in 1995.
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Projections
No projections can be conducted.

Reference points
Not defined.
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Assessment
No analytical or survey based assessment were possible at the moment due to the lack of updated data. The
most reliable present data available are the catch time series

With the available data an attempt has been made to estimate a sustainable level of catches in Kiikenthal
seamount with different methods. The results show different levels of MSY depending on the methods. The
methods based on catch information are moreoptimistic than those based on the commercial CPUEs.
However, these results are not considered reliable and therefore MSY catch is unknown.

Human impact
Mainly fishery related mortality. Other mortality sources (e.g. pollution, shipping, oilndustry) are
undocumented.

Environmental impact
Limited information is available.

The next full assessment of this stock will be in 2021.

Fishery

Commercial aggregations of alfonsino on the Corner Rise have been found on three seamounts. Two of them

named“ Kikent hal” (known also -2a% (Pé¥ybeprkayahhyatp 4aopdat
Regul atory Area. One more bank named “Milne Edwards” (

Atlantic. Russian vessels fished in this area in different peds between 1976 and 1999 using pelagic trawls.
There is no statistics on Russian fishery on separate seamounts.

Based on the information collected in the 2004 Spanish experimental survey in Corner Rise, a directed
commercial fishery had been conductedince 2005 by Spanish vessels. Since 2006 virtually all the effort has
been made in the Kikenthal seamount with pelagic trawl gear.

Recent catch estimates (ton) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017
STATLANT 21 0 53 0 77 118 112 298 0 51
STACFIS 479 52 152 302 114 118 122 127 55

Effects of the fishery on the ecosystem

Midwater trawls (pelagic and semipelagic) can produce significant adverse impacts (SAl) on VME
communities, as per information provided by theScientific Council in 2010 and further addressed by the
Scientific Council in 2015. Such impacts are typically associated with: 1.) habitat destruction or direct contact
with VMEs by the gear when it is fished near the seafloor and 2.) lost gear that beasrentangled in VMEs.
Given the slow growth/reproductive rates that characterize VMEorming species, these impacts to VMEs can
cumulatively result in Significant Adverse Impact (SAISs).

Sources of Information
SCS Doc. 18/07 SCR 18/22, 15/06 and 15/18
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b) Monitoring of Stocks for which Multi -year Advice was Provided in 2016 or 2017

Interim monitoring updates of these stocks were conducted and Scientific Council reiterates its previous
advice as follows:

Recommendation for Redfish ( Sebastes mentellaand Sebastes fasciatug in Division 3M for 2018 and
2019: In the short term (~2 years) the stock could sustain values of F at the current level corresponding to|a
TAC of 12 000 tonnes. However, under the present low recruitment regime, short term yields at levels higher
than FO0.1 (7 000 tonnes) are likely to indce medium term declines in abundance, exploitable biomass and
spawning stock biomass. Therefore, if the objective is to maximize yields over the long term, TACs should be
set at values closer to the lower end of the range 7 000 to 12 000 tonnes.

Recommendation for American plaice in Div. 3M for 2018 7z 2020: There should be no directed fishery on
American plaice in Div. 3M in 2018, 2019 and 2020. Bycatch should be kept at the lowest possible level.

Recommendation for White Hake in Divisions 3NO and Subdiv. 3Ps for 2018-2019: Given the absence o
strong recruitment, catches of white hake in 3NO should not increase.

Recommendation for Redfish in Div. 30 for 2017 - 2019: There is insufficient information on which to
base predictions of annual yield potential foithis resource. Stock dynamics and recruitment patterns are alsp
poorly understood. Catches have averaged about 13 000 t since the 1960s and over the long term, catches at
this level appear to have been sustainable. Scientific Council is unable to advisean appropriate TAC for
2017, 2018 and 2019.

Recommendation for Witch flounder Divs. 2J3KL for 2017 - 2019: No directed fishery to allow for stock
rebuilding. By-catches of witch flounder in other fisheries should be kept at the lowest possible level. In
addition, a new Limit Reference Point (LRP) was set for Witch Flounder in NAFO Divs. 2J+3KL (SCR Doc.
18/30). The previous LRP considered the survey biomass in 1984 (Bx) to represent B, with Bum
subsequently set at 15% Bax. However, given the catch hisry of the stock, biomass in 1984 is not
considered to reflect an unexploited state, and based on recommendation from the NAFO Study Group| on
Limit Reference Points (SCS Doc. 04/12), 15%uBxis not an appropriate reference point for this stock.

Scientific Council agreed that this period from 19831984 is more likely to reflect Busythan Bo. A proxy for
Busywas therefore accepted as the mean of the survey biomass indices from the 1988 autumn RV surveys.
Following recommendations from in SCS Doc. 04/18Buwm is calculated as 30% of the &y proxy (Bum = 19
000t; SCR Doc. 18/30). The stock is at 90% ofBin 2017.

Recommendation for Witch flounder Divs. 3NO: 7 A0 OAAOOAOOGAA ET o@tuvo O AAO
initiative . Segpages 8285.

Recommendati on for Northern short -finned squid in SA 3+4 in 2017,2018 and 2019: During 2015, the
northern stock component remained in a state of low productivity. Therefore, the SC advice is a TAC of no
more than 34 000 tonnes/yr.
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c) Special Requests for Management Advice

i) Greenland halibut in SA2 + Divs. 3KLMNO:Monitor the status annually to determine whether
exceptional circumstances are occurring (Item 2)

The management strategy for Greenland halibut in Subarea 2+Div. 3KLMNO will be implemented initially for 6

years beginning in 2018. Acknowledging that an Exceptional Circumstances Protocol will be developed for this

stock in 2018, the Commission requests the Scientific Council to monitor the status annually to determine

whether exceptional circumstances are @O OET ¢8 3 AEAT OEZAZEA #1 01 AE1 OET O1 A Al
in 2020. If either the annual monitoring or the update assessment indicates that exceptional circumstances are
occurring, the exceptional circumstances protocol will provide guidancevdrat steps should be taken

Scientific Council notes that it has not been requested to provide advice based on the Harvest Control Rule for
Greenland halibut in Subarea 2+Div. 3KLMNO and that the Exceptional Circumstances Protocol will not be
finalized until the 2018 Annual meeting. The SC provides advice based on the HCR for 2019 but does not
address exceptional circumstances (See VII.1It)

The TAC for 2019 derived from the HCR 865521 t.

A new HCR for Greenland halibut in Subarea 2+Div. 3KLMNO veatopted by the Commission in 2017. The
HCR has two components: target based and slope based.

Target based )

The basic harvest control rule (HCR) is:

Yo 6 Yoop O p (1)

where "Y0 6is the TAC recommended for yeay,[ i s t he response streims@th” tun
composite measure of the immediate past level in the mean weight per tow from survey¥)| that are

available to use for calculations for yeay; five survey series are used, withh= 1, 2, 3, 4 ad 5 corresponding
respectively to Canada Fall 2J3K, EU 3M1400m, Canada Spring 3LNO, EU 3NO and Canada Fall 3LNO:

0O B — B — 2)
with being the estimated variance for indexi (estimated in the SCAA model fitting procedure, see Table
i.1)
0 -B 0 3)
] | -B © (where ao is a control/tuning f@arameter fc

Note the assumption that when a TAC is set in yegifor year y+1, indices will not at that time yet be available
for the current yeary.

Slopebased §)
The basic harvest control rule (HCR) is:
YO 6 Yo Op _ ¢ A 5)
where _ ¢ and X are tuning parameters,i is a measure of the immediate past trend in the survey

based mean weight per tow indices, computed by linearly regressing®©vs yearvsfor @ ® ULVi0wW
p, for each of the five surveys considered, with

i B —i B — (6)

with the standard error of the residuals of the observed compared to modgdredicted logarithm of survey
indexi (,, ) estimated in the SCAA base case operating model.
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Combination Target and Slope basest)

For the target and slope based combination:

1) "B 0 is computed from equation (1),
2) "Y6 6 is computed from equation (5), and
3) Y0 6 “YO 6 YOO g

Finally, constraints on the maximum allowable annual change in TAC are applied, viz.:
if"Yd6 6 "Yob6p Y then'Yb O YO O6p Y (7)
and
if"Ydo 6 Yo op Y then'Y6 6 Yo 6p Y (8)

The control parameters for the adopted MP are shown in Tablie2 with a starting TAC of 16 500 t in 2018.
Missing survey values are treated as missing in the calculation of the rule as in the MSE.

Table i.1. The weights given to each survey in obtaining composite indices of abundance are
proportional to the inverse squared values of the survey error standardieviations A' listed
below.

Survey Ai
Canada Fall 233K 0.22
EU 3M 61400m 0.21
Canada Spring 3LNO 0.49
EU 3NO 0.38
Canada Fall 3LNO 0.26

Table i.2. Control parameter values for the MP. The parametergs and X were adjusted to achieve a
median biomass equal to Bsy for the exploitable component of the resource biomass in
2037.

Y@ 16 500 tonnes
r 0.15
q 3
| 0.972
1 1.00
] 2.00
@ -0.0056
3 0.10
3 0.10
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Data used in the calculation of the TAC for 2019. Last row corresponds to the target level of

each survey as per equation (4).

Survey
Canada EU3MO Canada EU 3NO Canada
Fall 2J3K | 1400m Fall 3LNO Spring
3LNO
2013 29.64 19.11 2.6 5.46 0.73
2014 33.34 23.92 6.24 0.66
2015 22.29 47.52 0.9 9.49
2016 18.54 28.3 1.3 8.8 0.66
2017 15.1 42.67 1.3 16.63
0 25.12 25.19 1.71 6.61 1.02

The TAC for 2019 was calculated based on the HCR. The target based componentl%@86.9 and the slope
based component was 16305.6 resulting in a computed TAC of 16521 t for 2019. This is not greater than a
10% increase and so the constraint is not appéd.

Fig.i.l.
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Input for Greenland Halibut in Subarea 2 + Divisions 3KLMNO Harvest Control Rule.
Survey data come from Canadian fall surveys in Divs. 2J3K, Canadian spring surveys in
Divs. 3LNO (2015 and 2017 surveys inconipte and not used in the calculation of the
HCR), the Canadian fall survey in Divs. 3LNO (2014 survey incomplete and not used in the
calculation of the HCR), the EU Flemish Cap survey (to 1400m depth) in Div 3M and the
EU survey in 3NO.
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SC notes a divergete in trends of the survey series. This divergence could be the result of movement of fish.
SC is limited in its ability to understand or account for possible movements in its advice. 8€ommends
that tagging and/or telemetry studies be undertaken to help elucidate movement of 2+3KLMNO Greenland
halibut and that the combination of different survey series be investigated.

i) Conduct a full assessment of 3LN Redfish(ltem 3)

The Fisheries Commission agpted in 2014 an MSE approach for Redfish in Division 3LN (FC Doc. 14/24).
This approach uses a Harvest Control Rule (HCR) designed to reach 18 100 t of annual catch by 2009
through a stepwise bennial catch increase, with the same amount of increasvery two years.

The Commission request Scientific Council to conduct a full assessment in 2018 to evaluate the effect of removals
in 2016 and 2017 on stock status.

Scientific Council responded:

SC conducted the 2018 full assessment of Redfish in Divisi@LN and evaluated the impact of the
implementation of the adopted MS on the state of the stock. At the beginning of 2018 the stock was still in the
safe zone, with a probability of biomass being abovigmsy > 90%. The probability of biomass being below &
and fishing mortality being above syis < 1%.

A short term catch projection followed the assessment, in ordeto quantify the likelihood of the stock
sustaining the approved 20192020 MS catches (18 100 t in both years). There is > 90% probability that TACs
agreed within the adopted management strategy for 2019 to 2020 will maintain biomass at the beginning of
2021 aboveBmsy, While the probability of biomass being below Bim is <1%. The probability that biomass will
grow from the beginning of 2018 to the beginning of 2021 is low (38.5%). The probability of fishing mortality
by the end of 2020 being above dsyis 1.6%.

iii) Develop criteria for the identification of e xceptional circumstances under the Greenland halibut
2+3KLMNO management strategy (Item 4)

The Commission requests the Scientific Council to develop criteria for the identification of exceptional
circumstances under the Greenland halibut 2+3KLMNO managentestrategy, this should take into account
the issues noted by the WERBMS (COMBC WP 1706), to support the development of an exceptional
circumstances protocol and provide its recommendations to the W&BMS meeting planned for August 2018.

Scientific Council responded:

The Council responded to each of the issues noted in the September 2017 report of RBMS. Below, spe
guidance has been given in some cases (i.e. thresholds for determining whether Exceptional Circumstan
have occurred) whereas in othersexpert judgement will have to be applied on a case by case basis. In {
latter, determination as to whether to trigger Exceptional Circumstances will be case specific and is n
specified a priori (will be developed at such time).

Annual monitoring:

Five survey series are used to compute the annual TAC using the adopted Management Procedure (|
Reflective of the estimated precision indicated for each index, it was agreed that Exceptior
Circumstances would be triggered if, in a fivgrear period, morethan one value is missing from a survey
with relatively high weighting (the Canadian Fall 2J3K, Canadian Fall 3LNO and EU 3M surveys), or, if
than two values are missing from a survey with relatively low weighting (the Canadian Spring 3LNO ar
EU-Span 3NO surveys).

The composite survey index Jyin the MP) will be calculated and annually compared against the 80%, 904
and 95% probability envelopes projected by the base case operating models from SSM and SCAA unde
accepted MP. Exceptional Circumances will be triggered if the observed composite index in a given yed
is above or below the 90% probability envelope.

Scientific Council will also monitor the five survey indices relative to the 80%, 90% and 95% probabilit
envelopes projected by the bas case operating models for each survey. Finally, as an approximate meg
of monitoring the status of recruitment, Scientific Council will assess survey data at age 4 (age befi
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recruitment to fishery) compared to its series mean. Expert judgement will dermine whether Exceptional
Circumstances are occurring.

Catches will be monitored annually by Scientific Council and deviations from the TAC calculated using
MP will be assessed. Expert judgement will determine whether Exception@ircumstances are occurring.

TACs established that are not generated from the MP will constitute an Exceptional Circumstance.
Assessment based indicators:

A comparison of assessment model outputs for recruitment, exploitable biomass, and fishing mortali
with operating model projections (base case) will also be taken into account qualitatively. Notwithstandin
some technical issues regarding the comparison of the simulated distributions against updatq
assessments, it was agreed that SC will compare thstimated median of the assessment with the 959
Confidence Interval from the base case of SSM and SCAA for the above quantities. Expert judgement
determine whether Exceptional Circumstances are occurring.

If this protocol is adopted, the role of the S@hen Exceptional Circumstances have been declared will b
to:

1 comment on the severity of the Exceptional Circumstance identified
2. advise on options with respect to the MP and TAC
3 if required and, if possible, provide updated TAC advice (i.eot using the MP)

4, if necessary, advise on an earlier review of the MP

The decision on any management response will be for the Commission, based on SC advice.

The response to this request is structured around the guidance listed in the RBMS reportSdpt 2017 (COM
SC WP 1706):

91 Clear determination of how missing data points required for input to the HCR should be filled
and specification of the number of missing surveys that would trigger Exceptional
Circumstances.

To compute the annual TAC from the ER, survey values over a fivgear period are required to inform on
current resource status. This five year period moves forward each year as successive TACs are generated via
the MP. Within the MSE, the individual survey biomass series are weighted diféettly, reflective of the
estimated precision indicated for each index. Considering these weightings, it was agreed that Exceptional
Circumstances would be triggered if, in a fivgear period, more than one value is missing from a survey with
relatively high weighting (Canadian Fall 2J3K, Canadian Fall 3LNO and EU 3M surveys) or more than two
values are missing from a survey with relatively low weighting (Canadian Spring 3LNO and Hgain 3NO
surveys). It was noted that the Canadian Spring 3LNO series is,pagsent, missing values in 2015 and 2017
and the Canadian Fall 3LNO series is missing a value in 2014. When computing the HCR, missing values will
not be filled, but simply omitted from the calculations of means and regression slopes.

1 Note elements that @#e based on data that are available to SC as part of its annual monitoring
(survey results) as well as others that are based on less frequent update assessments, e.g.
estimates recruitment, biomass or fishing mortality.

Scientific Council will continue tomonitor the catch statistics and an array of survey indices for Greenland
halibut on an annual basis. Indices will be calculated from available and pertinent surveys, namely the
Canadian Fall 2J3K, Canadian Spring 3LNO, EU 3M, Canadian Fall 3LNO a8p&WU3NO surveys. Trends in
abundance at length and, if available, abundance at age will also be analyzed using data from these surveys.
Total catch (SC catches, currently from CESAG) will be monitored and compared against the TAC.

1 Identify the indices that the MSE indicated to be more important to monitor in regard to the
determination of Exceptional Circumstances, e.g. the factors that were indicated to have greater
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influence in the robustness trials. This links to the consideration of a suite of primary an
secondary indicators.

Scientific Council agreed to use the terminology annual and assessmdxatsed indicators instead of primary
and secondary indicators. Tolerances of deviations of these annual and assessmgaged indicators from
MSE projections are atlined below.

By virtue of the design of the MSE, the most important indices to monitor while the MP is being applied are
those generated by the five surveys which were used to test the accepted MP. It is also paramount to monitor
future catches in relaton to those recommended by the MP. Both catch statistics and survey indices will be
available on an annual basis and it was therefore agreed that these values will be used on an annual basis to
assess Exceptional Circumstances. Regarding robustness, trieésiducted in the MSE indiated sensitivity to

a low recruitment scenario. It was agreed that, at present, the most reliable way to assess recruitment is to
apply a formal assessment model, such as the base case operating models used in the MSE. The sfatus
future recruitment relative to projections produced under the accepted MP will therefore be assessed when
assessment model runs are required. This ideally requires further research to determine the expected
variance for such estimates of recent recruihent when compared to operating model projections. A
comparison of assessment model outputs for other quantities (e.g. exploitable biomass, fishing mortality)
with operating model projections will also be taken into account qualitatively.

Annual indicators:

9 If sufficient survey data are available (see above), a composite inded; &s in the MP) will be
calculated and compared against the 80%, 90% and 95% probability envelopes projected by the
base case operating models from SSM and SCAA under the accepted. Mxceptional
Circumstances will be triggered if the observed composite index in a given year is above or
below the 90% probability envelope.

1 Scientific Council will also monitor the five survey indices relative to the 80%, 90% and 95%
probability envelopes projected by the base case operating models for each survey. Finally, as an
approximate means of monitoring the status of recruitment, Scientific Council will assess survey
data at age 4 (age before recruitment to fishery) compared to its series meangert opinion will
be needed to determine whether trends are of concern.

I Catches will be monitored annually by Scientific Council and deviations from the TAC calculated
using the MP will be assessed.

i TACs established that are not generated from the MHmvill constitute an Exceptional
Circumstance.

Assessmentbased indicators:

1 A comparison of assessment model outputs for recruitment, exploitable biomass, fishing
mortality with operating model projections (base case) will also be taken into account
qualitatively. Notwithstanding some technical issues regarding the comparison of the simulated
distributions against updated assessments, it was agreed that SC will compare the estimated
median of the assessment with the 95% CI from the base case of SSM and SCAtké above
guantities.

9 Consider an appropriate balance between specificity vs flexibility in defining Exceptional
Circumstances.

1 The robustness of the Exceptional Circumstances protocol should ensure that their application is
triggered only when necesssy.

The combined use of probability envelopes and expert judgment noted in the above monitoring of annual and
assessmentbased indicators provides a balance between specific and flexible decision making when defining
Exceptional Circumstances.

Probability levels, where specified, have been chosen with a view to a low probability of unnecessarily
declaring Exceptional Circumstances.
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1 Evaluation of recruitment signals should be a key consideration, given some concern within the
Working Group over poorer perfamance of the proposed rule under a low recruitment scenario.

As noted above, the most accurate assessment of the status of recruitment will be obtained from an
assessment model and, as such, this is an indicator that will only be available when an assesgnmodel is
run. Indicators of recruitment obtained by the surveys will be assessed annually and further research will be
conducted on the efficacy of utilizing surveybased indices of recruitment as a reasonable indicator of
recruitment.

When ExceptionalCircumstances have been declared, the SC will:

1. comment on the severity of the Exceptional Circumstance identified

2. advise on options with respect to the MP and TAC

3. if required and, if possible, provide updated TAC advice (i.e. not using the MP)
4. if necessary, advise on an earlier review of the MP

iv) Benchmark assessment of the 3M Cod and workplan for MSKItem 5)

The Commission requests the Scientific Council to implement processes to conduct a full benchmark
assessment of the 3M Cod in line with the wk plan (FGSC Doc. 102, Annex 3) and the steps of the work
plan relevant to the SC for progression of the 3M Cod Management Strategy Evaluation for 2019.

Scientific Council responded:

Scientific Council completed a benchmark assessment of Div. 3M codApril 2018. A new assessment
model was adopted by SC and applied to assess the stock during the June meeting and provide advic
2019.

Progress has been made in decisiemaking for technical elements of the MSE. However, SC noted that t
timeline for the MSE does not specify when some key decisions will be taken. The timing to establish
management objectives, performance statistics and the associated risk thresholds for each are g
undetermined. This should be a priority point of discussion durig the RBMS meeting in August of 2018
the MSE is to be completed by September 2019.

I. Benchmark Assessment of Cod in Div. 3M

The 3M Cod NAFO Benchmark process began in March 2018 with a Scientific Council Webex meeting on the
data available toperform the assessment of Div. 3M cod. The benchmark was held in Lisbon (Portugal) from
9th to 13th April 2018. Members of the Secretariat of NAFO and members of two Contracting Parties of NAFO
(Canada and EU) attended the meeting, as well as three extereaperts invited by NAFO (Carmen Fernandez,
Jim lanelli and Mike Palmer) and a stakeholder representative. The Benchmark final report is not available
yet but is expected to be completed by July.

SC considered numerous model formulations of single specig®pulation models (Bayesian XSA, Bayesian
SCAA and SAM) as well a multispecies model based on GADGET (GADCAP psgectlso Section VI. 6. b of
this report). Model results and diagnostics of all methods were explored, though the majority of the meeting
time was focused on fingtuning the SCAA model structure. The purpose of the additional SCAA analyses
conducted during the meeting was to either i) investigate the appropriateness of model assumptions, or, ii) to
mitigate issues noted in initial runs.

Different formulations of the models in some cases gave very different results and often indicated lack of fit to
the data. In choosing a model to use as the basis for stock assessment, the meeting focused on the Bayesian
XSA and SCAA. The final two runs tife Bayesian XSA (R7) and SCAA (R37) showed better fit to the survey
data and results of the two models were similar to each other. The greater flexibility of the SCAA was
considered to be an advantage over the XSA, making it a more powerful assessment.tboaddition, more
testing was conducted of the SCAA during the benchmark than of the other models. Considering all of these
issues SC recommended a Bayesian SCéAdel with structure similar to run 37 to form the basis of the
assessment for this stock i June 2018, pendingsome sensitivity analyses (modifications to the prior
distributions aiming to increase robustnes} that were subsequently presented during the June SC meeting.
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This work was completed and the model structurgincluding the modifications to the prior distributions, was
adopted by SC and applied to assess the stock and provide advice for 2019.

II. 3M Cod MSE workplan

SC reviewed the steps of the work plan relevant to the SC for progression of the 3M Cod Management Strategy
Evaluation for 2019. It has been decided to hold the RBMS meeting in August of this year. However, when the
cod 3M MSE calendar was designed, it did not specify when the management objectives and risk thresholds
would be specified. The completion of the MSprocess is contingent on these decisions, and the management
objectives, the performance statistics and the associated risk thresholds for each are still undetermined. This
should be a priority point of discussion during the RBMS meeting in August of 281if the MSE is to be
completed by September 2019.To minimize delays, and also based on the results of the NAFO Cod Div. 3M
Benchmark, the SC discussed some points of the Cod Div. 3M MSE and agreed the following:

The data used in the SC June 2018 Cod 3Msessment (over the time frame 1988017) will be used to
conduct the MSE. If during the MSE process the algmgth key from the Flemish Cap survey of 2017 becomes
available, this should be included in the input data set.

The base case referenceperating model (OM) will be the model assessment approved in the 2018 June SC
meeting. The development of othe©OMs to be tested will take into account the following guidelines:

- Possible OMs with alternaitve M priors and/or CVs

- Possible OMs with different groups ofjs if necessary.

- Model scenarios with alternatve assumptions on recruitment.

- Possible OMs considering autaorrelated, inter-correlated and/or density-dependent impacts
on weights and maturities.

The period over which the simulations will be carried outwill be 20 years. MSE performance statistics should
reflect short, medium and long term objectives.

The observation model to generate the future data should take in account the autorrelation of the survey
indices.

Reference points should be determinedy each operating model independently and should be consistent
within each. The reference points should bbased onMaximum Sustainable yield (MSY,)f possible. If Bowspr
is used as a proxy for frsy, a decision will be required on the appropriate data @riod to use in estimating
Fsowspr(mMagnitude is sensitive to this given the significant changes in biological parameters for 3M cod).

Possible guidelines from the SC to develop HCR. SC recommends applying the same guideline for the 3M cod
expressed by WERBMS during the Greenland halibut MSE procefSAFO/FGSC Doc. 1:02). Consistent with
these guidelines, a model free HCR should be considerdtl.should also be considered whether to use
abundance or biomass inttesin the rule.

Some of the previous topis will be reviewed and decided at the next meeting of the RBMS in August.
Revisions to the cod 3M MSE timeline if required — should also be discussed during the coming RBMS
meeting.

v) Continue evaluation of the impact of scientific trawl surveys on VME in closed areas, and the effect of
excluding surveys from these areas on stock assessments. (Item 6)

The Commission requests that Scientific Council continue its assessment of scientific trawl surveys on VME in
closed areas, and the effect @xcluding surveys from these areas on stock assessment metrics.

SC notes that due to workload, the length and aglsaggregated analyses related to the EU surveys we
not yet carried out, but the intention is to complete this task prior to the next SC ne¢éing in June 2019
assuming necessary resources are made available.

SC is currently unaware of monitoring plans and sampling methods for VMEs (other than trawlg
therefore the Commission may wish to consider possible options for nedestructive regular monitoring
within closed areas.

SC reiterates its recommendation in 2017 that scientific bottom trawl surveys in existing closed areas
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avoided if possible and additional work be conducted as soon as possible to further evaluate t
implications of excluding RV surveys in closed areas on stock assessment metrics.

To provide an update on the progress of this work, SC considered an overview of all analysis conducted on
this subject since the request was first raised by WGEAFFM during its 20fteeting.

In 2016, SC (SCS Doc 16/21) conducted an analysis of the spatial overlap of significant catches of VME
indicator species in survey trawls from;(i.) NAFO closed aread(ji.) areas inside the VME polygons, but
outside closed areas(iii.) areas ouside of closures and outside VME polygons. It was found that the vast
majority of significant catches of VME indicator speciesand the highest rate of such catchesoccur in the
areas covered by current closures.

SC is aware of the Canadian plans ttose 10% of its marine area by 2020 and this has not been included in
the current review of impacts.

In both 2016 and 2017, SC reviewed the consequences of excluding survey tows within the current closures
to evaluate impacts on biomass indices for stockassessed by SCIhe results show minimal impact on
estimates of survey biomass and trends for all the assessed species with the exception of Roughhead
grenadier and Greenland halibut. For these species the difference in biomass indices (with and withbauls

in closed areas) is more noticeable, but the trends were similar to the original index. Furthermoran
analysis of the length and agelisaggregated survey indices for these species was conducted for the Canadian
survey data, and the results were idistinguishable. It was concluded that the impact of excluding the closed
areas from future Canadian surveys would enhance protection of VME while not compromising the ability to
determine stock status of NAF&@nanaged resources.

Due to workload issues, lie length and agedisaggregated analyses related to the EU surveys were not carried
out in 2017, but the intention is to complete this task prior to the next SC meeting in June 2019 assuming
necessary resources are made available.

The Commission may wisto consider investigating among contracting parties the possibility or feasibility of
implementing non-destructive regular monitoring (e.g. camera surveys) within the closed areas to
compensate for any loss of information related to the exclusion of travdlurveys on VMEs closures.

vi) Implement the Action plan for progression in the management and minimization of Bycatch and
discards (Item 7)

The Commission requests the Scientific Council to implement the steps of the Action plan relevant to the SC for
progresson in the management and minimization of Bycatch and discartAFO/COM Doc. 176)

SC discussed the Action Plan developed by WBBS and noted that most of the items will be worked o
over the next few years and also noted where work has been done in tpast. Work on this request will
continue in 2019.

The following action points in the action plan are addressed to Scientific Council:

Action point 2.2. Specific issues by time, area, depth, fleet and fishery
Identification of species under NAFO catch or effort limits with high survivability rates. AM 2020 SC

This would require at a minimum a literature search and potentially discard mortality expeéments. WG-BDS
has made a recommendationThat the Commission include in its request for advice to Scientific Council at the
2018 meeting the task identified under Section 2.2 of the Action Plan

Action point 3.1. Moratoria species
Identify moratoria stocks where the level of bycatch/discards may be impeding recovery SC (with S23)21

For most stocks under moratorium, even if the levels of bycatch are low, these seem to be delaying recovery,
combined with impacts of any environmentalffactors.
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Action point 3.2. Areas where there is a risk of causing serious harm to by -catch species
Identify areas, times and fisheries where-bgitch and discards, notably of moratoria species, that have a higher
rate of occurrenceSC (with BDSAM2021

This item should include the Secretariat and should examine several years of haul by haul data as well as
observer data. Some work has been done in the past examining landed bycatch in various fisheries and a
preliminary look at the haul by haul data for2016 was presented at BDS in 2017. WBDS has made a
recommendation for the Secretariat to develop a workplan for these analyses by AM 2018.

Action point 4.2. Fishery-specific solutions

For NAFO fisheries identified as priorities under Action groum8sess the merits of specific solutions per fishery,
including the development and assessment, with the Scientific Council, of selectivity tesBDEG
STACTIC SBM 2021

Action point 4.3 Identification of best practices
Best practices / possible mitigation measures to avoid-¢stch per time, area, depth, fleet and fishery. BDS SC
AM 2020

As this action relies on action group 3 completion which is not due until 2021, this work cannot lmempleted
until after that time.
vii) Conduct a full assessment on 3M golden Redfish in 2019(ltem 8)

The Commission requests the Scientific Council to conduct a full assessment on 3M golden Redfish in 2019 and,
acknowledging that there are three species refdfish that exist in 3M and are difficult to separate in the catch,
provide advice on the implications for catch reporting and stock management.

Scientific Councilresponded:

In 2017, due to lack of time, the request for a full assessment on 3M goldendReh was deferred.
Nevertheless in 2017, as in previous years, advice for 204819 for golden Redfish was given indirectly
based on the Div. 3M beaked redfish assessment (advice of 3M Redfish has a percentage of golden Reg
Since the next Div. 3M baked Redfish full assessment will be in June 2019, SC will conduct a f
assessment on 3M golden Redfish at that time, consistent with the timing of the Commission Request.

viii) Provide further guidance on the implementation of an ecosystem approach and application of
the Ecosystem Road Map (Item 9)

The Commission requests the Scientific Council provide further guidance on the implementation of an
ecosystem approach and applicatin of the NAFO Roadmap, through examples of how advice compares to
single species stock assessment, including additional factors to be considered and integrating trophic level
interactions and climate change predictions.

The Scientific Council Responded:

As further guidance on the implementation of an ecosystem approach and application of the NAFO Roadma
SC notes that Total Catch Ceilings (TCCs) aim to provide information for ecosystkawvel strategic
management advice that can complement stoelevel tadical advice. In principle, once TCCs can be estimate
with sufficient reliability and precision, these should provide an ecosystem context to evaluate the
recommendations that emerge across stocks, and could serve to address questions not consideredaasqf
single species assessments (e.g., tradeoffs).

Accordingly, SC requests the Commission consider developing options by which ecosystem considerations
can be operationally integrated into fisheries management advice through consideration of the risk of dama
or deterioration of the ecosystem, whilst reognizing the uncertainties associated with integrating ecosystem
effects on stock status and trends. Formation of aad hocCOMSC working group, consisting of a sulgroup
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of members of WGEAFFM, to identify a mechanism (or framework) by which ecosystem simterations could
be integrated into fisheries management advice and which would provide a basis for SC (MZGA) to
investigate further options for the implementation of the NAFO Roadmap.

NAFO' s amended convention, whi chbaorgamzatiento apglyan dcasystens
approach to fisheries management. The Roadmap provides the guiding principles that NAFO is following to
achieve this goal, and an operational perspective of how the implementation of the ecosystem approach is
being corceived in a workflow process that suits NAFO structure and practices.

To date, NAFO has made significant progress in several areas of the Roadmap including the identification and

delineation of VMEs and the establishment of fishing closures for their protéon, and the initial assessment
of significant adverse impacts on VMEs from fishing activities. SC has defined Ecosystem Production Units

(EPUs) within NAFO Regulatory Area (NRA), and progress has been made on tiered modelling approaches to

investigate ecosystem production potential and multispecies interactionin terms of further implementation

of the RoadmapSC has been developing ecosystelavel summary sheets aimed at providing an analogous
synthesis of information found in the stock summary sheetdn addition, the formal consideration of
ecosystemlevel limitations when discussing and setting Total Allowable Catches (TACs) for stocks within an
EPU represents an issue to consider for the further implementation of the Roadmap.

Ecosystem Summary Sheets

Design of ecosystem summaries was based on the objectives and general principles stated in the NAFO
convention. The design aims to mirror the basic objectives that underlie the structure of the stock summary

20

sheets, but in a manner that recognizes howeni r on me nt al conditions and ecosyst

ability to report on the objectives and principles of the convention. Ecosystem summary assessments should

be carried at mediumterm intervals (3-5 years).

Summary sheets are intended to providea synoptic overview of a suite of ecological features and

management measures at the EPU level, where information is summarized in terms of their state and trends.

Elements within the ecological features group provide information on environmental conditiog, productivity

at different trophic levels, ecosystem structure, as well as vulnerable habitats and depleted species. Elements

within the management measures group provide information of the relationship of the state variables relative
to management framevork and objectives.

Summary sheets provide strategic level advice on the state of the ecosystem. Extensive occurrence of below
normal, negatively trending and/or poor conditions or in the effectiveness of management measures should

point to movement toward more risk-averse management actions.

A colour-coding traffic light scheme for the state and trends of the ecological feature and management
measure elements of the Ecosystem Summary Sheets (ESS) was developed in order to parallel the stock

summary sheets (Tableviii .1).
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Table viii.1 . Colour scheme for ecosystem summary sheet and the corresponding criteria for assignment
to each category for the status and trends. For ecological features, contributing elements
time series should be standarized to zero mean and unit standard deviation relative to an
appropriate reference period.

Ecological Features Management Measures

Yellow

Grey

Status

Trend

Status

Trend

The state over the last
5 years is consistent
with conditions
observed/estimated
during high
productivity/high
resilience periods

(mean > 0.5 SD).

The trend over the
last 5 years indicates
consistent improving
of the

state/condition

(trend > 1 SD/5y or

>20%
state).

increase in

Good. Current
management
measures are
delivering the
desired results.

Good. Management
measures over the
last 5 years are
improving conditions;
moving
towards/maintaining
the desired results.

The state over the last
5years is consistent
with conditions
observed/estimated
during average
productivity/average
resilience periods.

The trend over the
last 5 years does not
indicate any
consistent change of
the state/condition.

Uncertain. Current
management
measures appear to
have limited ability
to deliver the
desired results.

Uncertain.
Management
measures over the
last 5 years are not
improving conditions;
no clear movement
towards achieving the
desired results.

The state over the last
5 years is consistent
with conditions
observed/estimated
during low
productivity/low
resilience periods

The trend over the
last 5 years indicates
consistent
deterioration of the
state/condition

(trend < -1 SD/5y or

Poor. Current
management
measures appear
insufficient to
deliver the expected
results or no
management

Poor. Management
measures over the
last 5 years are not
effective or no
management measure
is in place; conditions
are moving

>-20% decline in| measureisin place. | away/deteriorating
(mean <-0.5 SD). state). from the desired
results.
Unknown - Unknown - Unknown - Unknown -

insufficient data to
assess or assessment
pending.

insufficient data to
assess or assessmen
pending.

insufficient data to
assess omssessment
pending

insufficient data to
assess or assessment
pending

As a way of example, SC developed and populated an initial ecosystem summary sheet for the Grand Bank
(3LNO), one of the EPUs being used as pilot ecosystems for the implementation of the Roadmap for the period
2013-2017. These ecosystem summary sheets asxpected to be refined, updated over time, and this first
exercise will provide grounds for discussion with the Commission on what needs to be improved to make
these ecosystem summary sheets more useful for decisionaking. For example, additional consideation
could be given to the interpretation of the Trend measures based on the scoring of the associated Status
indicator. It is recognized that a Trend scoring of Stable could have a different interpretation if Status is
positive or negative.

An_example of a case study, including an example of the ecosystdavel recommendation and the tabular
summary of the state of the 3LNO EPU is presented below, and a summary narrative follows the table and
figures. Data are available to implement ESS for EPU 2J3K and 3M.
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Example recommendationThe Grand Bank (3LNO) EPU is currently experiencing low productivity conditions
and biomass declines across multiple trophic levels and stocks. Although reduced productivity appears to K
driven by bottom-up processs, current aggregate catches for piscivore species have been increasing and
exceeding the guideline level for ecosystem sustainability. Reductions in piscivore catch levels are

recommended.

ECOLOGICAL FEATURES

Convention Principle Comment
a Ecosystem status and trends s|T Summary of state (S) and trend (T)
(long -term sustainability)
1| Physical Environment No clear 5yr trend but notable 10-yr cooling trend
2| Primary Productivity Reduced nutrients, phytoplankton standingstocks and
productivity.
3| Secondary Productivity Reduced total zooplankton biomass, with increase
abundance of smallsized taxa.
4| Fish productivity Declines in total, finfish, and shellfish biomass across §
functional feeding groups since 201314. Overall
biomass below precollapse levels.
5| Community composition Shellfish has declined in dominance, but piscivores hav
yet to regain their pre-collapse dominance.
b Ecosystem productivity level and Summary of state (S) and trend (T)
functioning
Current Fisheries Production Total biomassfurther declined from 50% to ~30% of the
Potential estimated pre-collapse level.
2| Status of key forage Reduced levels of capelin, sandlance, arctic cod, a
components shrimp.
3| Signals of food web disruption Diet composition variable of key predators (cod and
turbot), declining trend in stomach content weights.
e State of biological diversity Summary of indicators
1| Status of VMEs Metrics to quantify VME state and change of state i
recent period need to be developed.
2| Species depletion Proportion of depleted species (<20% of maximum
based on survey indices. Work in development.

MANAGEMENT MEASURES

Convention Principle

Comment

c/d | Precautionary Aspects Summary of metrics on level of management action
1| Total Catch Ceilings (TCC) an Indications of ecosystem overfishing. Piscivores catchg
catches have been exceeding their TCC; suspensibeeding
benthos exceed it in 2016.
2| Multispecies and/or No explicit consideration of species interactions and/or
environmental interactions environmental drivers.
3| Production potential of single Only 60% of managed stocks are supporting fisheries
species some stocks haveleclining abundance trends.
d/e | Minimize harmful impacts of Summary of metrics on level of management action

fishing on ecosystems

species

1| Level of protection of VMESs Some VMEs without protection. Protection had
improved. Fishing does not intrude inclosed areas.
2| Level of protection of exploited Total Catch Ceilings have been developed;

.
i

70% of managed stocks have LRPs or HCRs, but so
stocks only have surveybased LRPs;
No multispecies assessment are in place.
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d/if | Assess significance of incidental Summary of metrics on level of management action
mortality in fishing operations
1| By-catch level across fisheries Integrative indicators/analyses need to be developed.
2| By-catch of depleted species Integrative indicators/analyses need to be developed fof

non-target taxa. This should include listed species.

CONSIDERATIONS OF SPECIAL CONCERN (outside mandate of NAFO Convention)

Human Activities other than fisheries Comment

1| Oil and gas activities There are four offshore production fields on the Grand
Bank and intense exploration activities along theastern
shelf break and Flemish Pass.

2 | Pollution

Figure. Upper lefthand panel shows anomalies of the standardized composite environmental index (blue),
composite index of chlorophylla abundance (green) and the composite index of zooplankton biomass (red).
Upper-right panel shows the relative composition of the fish and shellfish community functional feeding
groups derived from research vessel trawl surveys (colour bars referenced tothe left axis with the legend at
the bottom) and the total, finfish and shellfish biomass (referenced to the right axis). Lower leftand panel
shows the nominal total catch of functional groups (estimated from STATLANT21A data) scaled relative to
the Ecoystem Production Potential modelderived Total Catch Ceilings estimates disaggregated for each
functional group. The content of the lowetright panel has yet to be determined.
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3LNO EXAMPLE Ecosystem Status Narrative
ECOLOGICAL FEATURES

Ecosystem Status and Trends

The last 5 years have been characterized by reduced levels of nutrienmytoplankton standing stock and
primary production, and total zooplankton biomass. Reduction in zooplankton biomass has been
accompanied with changes in the composition of the zooplankton community, with smadized taxa haing
significantly increased in abundance while the larger, lipigich taxa have declined. Since 2013, total fish
biomass has lost the gains builup since the mid1990s. Fishes have increased their dominance in the
community at the expense of shellfish, buthe piscivore functional group has not regained its pre&ollapse
dominance.

Ecosystem productivity level and functioning

The Grand Bank is experiencing low productivity conditions. After the regime shift in the late 1980s and early
1990s, this ecosystem aver regained its precollapse level. Improved conditions between the mi?000s and
early 2010s allowed a buildup of total biomass up to ~50% the precollapse level. This productivity was
associated to good environmental conditions for groundfish, and mabt increases in forage species (capelin).
Since 2013, forage species have declined, and a reduction in total biomass to ~30% of-po#lapse levels has
occurred across all fish functional groups. Although variable, diet composition of cod suggests reduced
contributions of forage species, and average stomach content weights of cod and Greenland halibut have
shown declines, suggesting poor foraging conditions.
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State of biological diversity

Biological diversity is a multi-faceted concept. Out of its many dinmesions, assessment of its state is being
limited to Vulnerable Marine Ecosystems (VMEs) and the number of fish species considered depleted.
Although identification and delineation of VMESs is being done, it is difficult to assess their status given the
absence of a defined baseline and the unquantified impacts from historical fishing activities. Work on metrics
to assess VME state and the evaluation of depleted species is ongoing, but results are not yet available.

MANAGEMENT MEASURES
Precautionary Principle s

The NAFO Roadmap addresses sustainability of fishing at three nested levels of ecosystem organization:
ecosystem, multispecies and stock levels. Catches of piscivore species have been above their Total Catch
Ceiling (TCC) in the past, are currently inciasing, and since 2014 are once again above their TCC, indicating
overfishing at the ecosystem level. Catches for suspension feeding benthos were also above their TCC in 2016.
Only 60% of the NAFO managed stocks in the Grand Bank are in conditions of supingrfishing, and some of
these stocks are showing declining trends. Impacts of species interactions and/or environmental drivers are
not currently being considered in advice or management.

Minimize harmful impacts of fishing on ecosystems

Minimization of harmful impacts of fishing on benthic communities has been focused on the protection of
VMEs. Many coral and sponge VMEs in the Grand Bank are currently protected with dedicated closures, but
the 30 coral closure does not provide protection for the identiéd VMESs in that area. Other noftoral/sponge
VMEs have been identified in the tail of the Grand Bank but remain unprotected because of difficulties in
delineation of areas of high concentration at appropriate spatial scales.

At the ecosystem level, TotaCatch Ceilings for this ecosystem have been developed. At the stock level, 70% of
managed stocks have LRPs or HCRs, although some LRPs are based on survey indices. At this time, there are
no multispecies assessments to inform on tradeffs among fisheries and no stockassessment explicitly
considers species interactions and/or environmental factors as drivers, but there is ongoing work on these
issues.

Assess significance of incidental mortality in fishing operations

By-catch limits and moveon measures & in place for some fisheries, but there is no integrated assessment
of by-catch in fisheries operations and their potential impact at the ecosystem scale. There are no dedicated
measures to quantify and manage bgatch of listed species. Additional worlon these topics is required.

OTHER CONSIDERATIONS
Human activities other than fishing

There are four offshore oil and gas fields currently in production in the southern Grand Bank, and exploration
activities are ongoing along the eastern shelf break of th&rand Bank and the Flemish Pass. Exploration
activities involve seismic surveys and exploratory drilling.
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Update of Total Catch Ceilings (TCC) in NAFO Ecosystem Production Units (EPUS)

The NAFO Roadmap establishes atigr hierarchical sequence to derive sustainable harvest levels. Tier 1
evaluates fisheries productivity at the ecosystem level, taking into account environmental conditions and
ecosystem state. Towards implementing tier Iconsiderations, SC has been producing guidelines for Total
Catch Ceilings (TCCs) for the three Ecosystem Production Units (EPUs) targeted for pilot Roadmap
implementation. These EPUs are the Flemish Cap (3M), The Grand Bank (3LNO), and the Newfoundlantd She
(2J3K).

Derivation of TCCs (tonnages) is based on a minimum realistic ecosystem production potential (EPP) model,
which allows exploitation of suspensionfeeding benthos, planktivores, benthivores and piscivores. This
exploited production represents te Fishery Production Potential (FPP) for these aggregates, assuming that
100% of the piscivores and benthivores, 50% of the planktivores, and 10% of suspensiteeding benthos are
associated with species and/or stages of potential commercial value and &ssible to fisheries.

The maximum sustainable exploitation rate was defined as thmedian of the ratio of new primary production
(primarily by larger phytoplankton species) to total primary production — 20% (Rosenberg et al. 2014)A
range (probability distribution) of FPPs is estimated based on uncertainty in primary production,
fractionation of small and large phytoplankton and transfer efficiencies among trophic levels. The 25
percentile of the distribution of FPP can be used to define BCCto ensure a low probability of exceeding
ecosystem sustainability, and the median (50 percentile) of the distribution is seen as providing an
indication of situations where total catches are likely to have exceeded sustainability levelA major
assumption of theEPP model is that the ecosystem is fully functional but when the biomass of the exploitable
community is reduced (e.g. relative to precollapse levels) a penalty factor has to be derived based on the
current state of the ecosystem. The recommended TCCdleet maximum sustainable exploitation rates which
are deemed consistent (i.e. necessary but not sufficient) with maintaining ecosystem sustainability given the
current productivity state of the ecosystem.

In principle, once these can be estimated with sfi€ient reliability and precision, TCCs should be seen as
recommended as guidelines for upper boundaries for sustainable total catches of aggregates of species, and
hence would relate to ecosystenievel Limit Reference Points (LRPs). Cs provide guidancefor strategic
management, and can complement stoelevel tactical advice. TCs are not a replacement for single species
assessments but provide an avenue to start investigating how recommendations across stocks fare when
considered together at the ecosysim level, and can serve to address questions not considered for single
species (e.g., tradeoffs).

If TCCs were to be operationalized, an important issue is the need to define criteria and timeframes for
management action when aggregated catches exceed th€Cs, as well as the exceptional circumstances that
may alter or preclude the need for action. Rules guiding this decisiemaking process should be linked with
ecosystem state and to the risk of damage to or deterioration of the ecosystem associated wititches that
exceed recommended levels for sustainability (TCCs). However, to move forward SC needs input from the
Commission in setting/identifying candidate operational (ecosystem and multispecies) objectives and
potential policy tools that would be deened plausible/acceptable for implementation. This guidance from the
Commission would help SC to focus its efforts towards further Roadmap implementation.

Accordingly, SC requests the Commission consider developing options by which ecosystem consideratia@rs ¢
be operationally integrated into fisheries management advice through consideration of the risk of damage or
deterioration of the ecosystem, whilst recognizing the uncertainties associated with integrating ecosystem
effects on stock status and trends. Fmation of an ad hoc COMSC working group to identify a range options
would provide a basis for SC (WGESA) to investigate further options for the implementation of the NAFO
Roadmap.

When TCC guidelines were first introduced, the Grand Bank (3LNO) and Newfwlland Shelf (2J3K) EPUs
were considered to be under stress, and the TCC estimates included a penalty factor of 50% to reflect their
reduced productivity. Given the declines in total biomass observed since 204314, these penalty factors,
which are basedon the ratio between current total biomass and the median levels observed prior the collapse
in the late 1980s and early 1990s, were r@valuated.The results indicated further reductions in productivity,
prompting an increase in the penalty factorso 60% and 70% for the Newfoundland Shelf (2J3K) and the
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Grand Bank (3LNO) respectively to reflect the more recent productivity conditions. The +evaluation of the
productivity state for the Flemish Cap (3M) EPU is still pendind@ased on these considerationgpgether with
some improved EPP model parameters, the TCC guidelines wemgdated (Tableviii .2).

Table viii.2 .Updated guidelines for Total Catch Ceilings (TCC) for the Flemish Cap (3M), Grand E
(3LNO), and Newfoundland Shelf (2J3K) Ecosystem Production Units (EPUs) based on
estimated distributions of the Fisheries Production Potential (FPP) for these aas, and the
application of penalty factors when required. TCCs are provided for each fishable model nc
(piscivores, benthivores, planktivores, and suspension feeding (SF) benthos), and
Standard Demersal Components (SDC) aggregate which is the summatbf piscivores anc
benthivores nodes, and includes traditional groundfish stocks as well as shellfish species.

Total Catch Ceiling (TCC) Median
(25t percentile of the (50th percentile of the
adjusted FPP distribution) adjusted FPP distribution)
in thousand tonnes per year in thousand tonnes per year
NL Shelf Grand Bank Flemish Cap NL Shelf ~ Grand Bank Flemish Cap
(2J33K) (3LNO) (3M) (233K) (3LNO) (3M)
Area (thousand kn?) 254.319 311.646 58.412
Penalty factor 0.6 0.7 0.0 0.6 0.7 0.0
EPP Node or Aggregate
Piscivores 17.67 20.58 12.48 24.67 28.68 17.35
Benthivores 51.65 58.15 35.23 84.07 96.87 58.50
Planktivores 70.10 81.95 49.03 100.13 115.52 69.31
SF Benthos 12.76 13.69 8.03 19.85 21.42 12.62
SDC 69.32 78.73 47.71 108.74 125.55 75.84
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Fig.viii.l . Comparisons between nominal catches and the updated TCC levels Riscivores and
Benthivores in the Newfoundland Shelf (2J3K), Grand Bank (3LNO), and Flemish Cap
(3M) EPUs. The reductions in TCCs after 2014 for the EPUs in the NL bioregion are linked
to the declines in total biomass observed in these EPUs, and which undlee assumption
of a relatively constant ecosysterdevel P/B ratio, is an indicator of reduced ecosystem
productivity.

In order to compare nominal catches with TCC values, it is necessary to recognize that production for
individual target species is assdated to different EPP nodes due to diet changes linked to different life history
stages. Although work on these aspects is ongoing, an initial fractionation for Atlantic cod and redfish was
implemented in 2017. Earlier analyses indicated that assigning 186 of Greenland halibut to the piscivore
node seemed reasonable.

The comparison of nominal catches against TQ€vels (Fig. viii.1) indicates that fisheries in the Flemish Cap
(3M) continue to be highly concentrated on piscivores (cod and redfish), and haween consistently above the
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TCC level since 2010. From this perspective, this EPU can be considered to be experiencing ecosystem
overfishing.

The Newfoundland Shelf (2J3K) has fisheries targeting piscivores and benthivores nodes, but catches are
more concentrated on benthivores (shrimp and snow crab), which have been above the estimated TCC levels
for many years. Even though most recent catch levels have dropped below the TCC, it is likely that this
ecosystem may have also experienced ecosystem overfisg.

The Grand Bank (3LNO) has fisheries more evenly distributed between piscivores and benthivores, which
have been below the estimated TCCs over the last 10 years. However, the further reduced productivity in this
EPU, in combination with the increasingrend in piscivore catches, indicates that this EPU could be moving
into ecosystem overfishing.

It is also worth highlighting that the Grand Bank (3LNO) is the only EPU with significant catches of suspension
feeding benthos among the EPUsonsidered here Catches consist mostly of surf clam, and seem to follow
boom-bust patterns of change in occurrence (Figiii.2). Catches have been virtually nil since the late 2000s,
but suddenly spiked in 2016 to the levels observed during the 2062006 period. Given the reduction in TCC
levels after 2014, the 2016 catches are slightly above the estimatddCC. However, the estimation of TCC for
SF Benthos includes an assumption that only 10% of the production of this group is composed by species of
commercial vaue, so ephemeral overshooting of the TCC for this group may be less critical than for other
fishable nodes (e.g. piscivores, and benthivores).

Grand Bank (NAFO Divs 3LNO)
Suspension Feeding Benthos

40,000
35,000
30,000

25,000
20,000 X \

15,000 AN A R

o000\ FAWA I
so0 N\ / \ /
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1995 2000 2005 2010 2015 2020

Catch (tonnes)

—o—=Nominal Benthivore Catch=—=SF Benthos TCC (25th)
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Fig.viii.2 . Comparison between nominal catches and the updated TCC levels for Suspension
Feeding (SF)Benthos in the Grand Bank (3LNO) EPU. The reductions in TCCs after 2014
is linked to the decline in total biomass observed in this EPU, and which under the
assumption of a relatively constant ecosystenrtevel P/B ratio, is an indicator of reduced
ecosystemproductivity.

Furthering implementation of Tier 1 of the Roadmap (i.e. TCC implementation) requires that cumulated TACs
(and total catches) be routinely compiled, presented, and considered as part of the management process.

References:

Rosenberg, A.A., Fagty, M.J., Cooper, A.B., Dick&pllas, M., Fulton, E.A., Gutiérrez, N.L.,

Hyde, K.J.W., Kleisner, K.M., Kristiansen, T., Longo, C., Mieta, C., Minto, C., Mosqueira,

I., Chato Osio, G., Ovando, D., Selig, E.R., Thorson, J.T. &20&4YDeveloping new approaches to global stock
status assessment and fishery production potential of the sda&80 Fisheries and Aquaculture Circulaxo.
1086. Rome, FAO. 175 pp.
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ix) Assessment of NAFO bottom fisheries (item 10)

In relation to the assessment of NBO bottom fisheries, the Commission endorsed the next-#agssessment in
2021 and that SC should:

1 Assess the overlap of NAFO fisheries with VME to evaluate fishery specific impacts in addition to
the cumulative impacts;

1 Consider clearer objective ranking pocesses and options for objective weighting criteria for the
overall assessment of significant adverse impacts and the risk of future adverse impacts;

1 Maintain efforts to assess all othe six FAO criteria (Article 18 of the FAO International Guidelines
for the Management of Deep Sea Fisheries in the High Seas) including the three FAO functional
SAl criteria which could not be evaluated in the current assessment (recovery potential,
ecosystem function alteration, and impact relative to habitat use duration of VME indicator
species).

1 Continue to work on nonsponge and coral VMEs (for example bryozoan and sea squirts) to
prepare for the next assessment.

Scientific Council responded:

SC mae further progress in assessing the overlap of NAFO fisheries with VME through an analysis
haul-by-haul log-book data in combination with VMS data. Such analysis significantly improves tk
spatial definition of specific fishing areas within the NAFO fatprint. SC recommends that the door
spread of fishing gear is required for the estimation of swept area calculations, and this should be adg
Annex II.M, 1B standardized observer report template for trawl gear information.

Furthermore, SC has made pgress in developing models and methodological approaches which asse
the functional significance of VMEs and the estimation of recovery rates of different VME indicat
species.

Updated analysis (including new data) has been performed on necoral and nonsponge VME indicator
species and further work is planned on defining norcoral and nonsponge VME ahead of the re
assessment of VME fishery closures in 2020.

Overlap of NAFO fisheries with VME

Haul-by-haul logbook data was merged with the vessahonitoring system (VMS) data to provide a more
accurate measure of when vessels are trawling. It also allowed each haul to be assigned to a fishery directed
at a specific species. The hally-haul effort maps are considered to be an improvement over pasffort maps
derived from a 1—5 knot speed filter as they remove spurious effort points (Figix.1). Overall, the areas
represented by the logbook hautime filter method and the simple speed filter method show fishing activities

in the same general ares with similar patterns of intensity, but with the new method, there are fewer cells
displaying fishing effort within the vulnerable marine ecosystem (VME) closures. Mapping of trawl tracks
would potentially enable a more accurate estimate of sea bed impacand would facilitate more accurate
swept area estimates to be performed. However, information on gear dimensions (especially the parts of the
gear that contact the seabed, e.g. ground rope and trawl doors) are required to enable these calculationseto b
undertaken. SC recommends the inclusion of fishing gear dimensions relevant for the estimation of swept area
calculations (door spread) could be included in Annex Il.M, 1B standardized observer report template for
trawl gear information.
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Fig.ix.1. Cunulative fishing effort maps (hours fished per cell) from 2016 VMS and logbook data
produced by two different methods. Left: VMS data was filtered for speeds within3 knots,
right: VMS was filtered if it was within the reported fishing time interval in the logbook.

Consider clearer objective ranking processes and options for objective weighting criteria for the
overall assessment of significant adverse impacts and the risk of future adverse impacts

Objective ranking processes and weighting criteria for th overall assessment of SAl can only be completed
once work towards advancing the assessment of all six of the FAO criteria (as described in the following
subsection) for the next reassessment has concluded. At that time, the objective ranking and weigptin

criteria will become a Term of Reference for WGESA.

Maintain effort to assess all six of the FAO criteria

SC continues to develop and refine methodological approaches that can provide an estimate of the rates of
VME recovery and resilience, such estimasewill address FAO criteria IV. The approaches being developed
rely on: i. developing models which utilise observed cumulative VME indicator biomass in response to
observed levels of fishing effort, as reported last year by SC, and ii. developing a spBtiakplicit agent-based
model to simulate the life history of corals and sponges.

Furthermore, work was initiated on the application of biological traits analysis to help determine the
functional significance of VMEs in the NAFO regulatory area to help agds FAO criteria V. Essentially, by
guantifying how taxa interact with their environment, a nhumber of important processes (e.g. bioturbation)
can be associated with VME habitat or production functions and these, rather than the VME species
assemblages, aabe used to define and quantify the significance of potential bottom fishing impacts.

Non-sponge and non-coral VMEs

Updated biomass and habitat analyses for sea squirts and bryozoans suggest a contiguous habitat being
formed by the significant catches of these neooral and nonsponge VME indicator species, particularly by the
sea squirts (Boltenia; Figix.2). Additional information on the distribution of fishing effort and other habitat
data (e.g. surficial geology layers) will be examined to determine the extent and distribution of significant
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concentrations of these norcoral and nonsponge species prior to the reasessment of the VME fishery
closures in 2020.
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Fig.ix.2. Spatial configuration of KDEderived polygons showing difference in area between polygons
calculated with thresholds of the 0.2 kgBoltenia catch (orange) and 0.3 kgBoltenia catch (light
blue). The 0.3 kg threshold was chosen as the threshold denoting thRoltenia habitat (right
panel).

x) Continue progress on the NAFO PA Framework (Item 11)

The Commission requests the @entific Council to continue progression on the review of the NAFO PA
Framework.

Scientific Council responded:

There has been no progress since the review of the PA framewark September 2017. Earlier progress was
made in the context of Precautionary Approaclelements of an ecosystem approach to management. As a
result of heavy workloads and limited capacity, Scientific Council will be unable to complete this review by
September 208 and encourages participation of additional quantitative experts in an effortd make progress.

The Precautionary Approach to Fisheries Management Working Group (PAFG) met by WebEx in March
2016 to consider terms of reference agreed by the joint F6C Working Group on Risk Based Management
Strategies (WGRBMS) in 2015, including aeview of the existing NAFO PA framework and a comparative
review of equivalent frameworks used in other organizations. In April 2016, W&BMS reviewed progress on
this task and established a timeline for the completion of the work of the PAF Working GroFGSC WP
RBMS 16/03). However, SC reviewed this timeline in Septembef26 and noted that it was likely to be
impacted by the prioritization of the Greenland halibut MSE. Given the complexities of the issues involved, SC
agreed that a dedicated workshp would be required, which should include external experts in the field and
would not be possible within the agreed timeframe.
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In November 2016, WGESA considered a draft document from the PAF Working Group as the basis for
discussion, concentrating on tle section dealing with the PAF in the context of an ecosystem approach to
management. It was noted that the precautionary approach as defined under the FAO guidelines closely
aligned with the Ecosystem Approach, a nddas A #BlQor “r oadm
implementation of the PA at the Ecosystem Level because of the tiered approach to identifying limits and

status at the ecosystem, multispecies and single species leve®C reviewed this work during its 2017

September meeting however, dueto time constraints, it has not been possible to make any further progress

since that time.

xi) Review and develop advice for Greenland sharks (Somniosus microcephalus) (Iltem 12)

The Fisheries Commission requests the Scientific Council, by their 2018 anmerting engage with relevant
experts as needed, review the available information on the life history, population status, and current fishing
mortality of Greenland sharks (Somniosus microcephalus), on longevity and records of Greenland shark bycatch
in NAFRO fisheries, and develop advice for management, in line with the precautionary approach, for
consideration by the Fisheries Commission.

Scientific Council responded:

Information on biology, distribution, survey catches and commercial bycatches were presented. Given that
longevity of the Greenland shark is the highest ever documented for any vertebrate and life history traits are
extremely conservative (longevity = 392+ 120 years; ageat maturity = 156 + 22 years; low fecundity) for this
species, SCecommendsthat retention and landings be prohibited. SGecommendsrequiring live release of
captured Greenland sharks to minimize mortality, and the promotion of safe hatidg practices by fishers. SC
also suggests that where appropriate, gear restrictions and modifications, and/or spatial and tempora
closures of areas of high bycatch, be implemented to reduce the incidence of Greenland shark bycatch.| SC
recommendsmproving on the reporting of all sharks by species within the NAFO Convention Area, and with
the collection of shark numbers, measurements (when feasible without causing undue harm) and recording |of
sex data and discard disposition (i.e., dead or alive) by figly observers in all fisheries in the NAFC
Convention Area. Due to the unknown status of the stock relative toid3 and the conservative life history
traits, SCrecommends that management actions should keep fishing mortality as close to zero as postible
ensure that there will be a very low probability biomass will decline within the foreseeable future.

Introduction

Biology and life history of Greenland sharks was reviewed by SC in 2017. It must be reiterated that Greenland
sharks have an extremely coservative life history. Longevity was recently estimated to be the highest
documented for any vertebrate, at 392 + 120 y, with maturity estimated to occur at 156 + 22 y (Nilsen et al.,
2016). Tag return data from Hansen (1963) also suggest extreme longeyjtwith very slow growth (~0.5-1.0
cmly) reported for juvenile sharks that were at liberty for up to 16 years. Fecundity is also considered to be
low (Castro 2011).

Additional information reviewed in 2018 discussed recent satellite telemetry studies thatridicate broad scale
movements of Greenland sharks throughout the NAFO Regulatory Area. Campana et al., (2015) found that all
individuals tagged in Davis Strait moved north into Baffin Bay after release, while all individuals tagged on the
Grand Banks movedouth after release. In addition, tagged sharks from Davis Strait traveled as much as 1 615
km from the tagging site and tagged individuals exhibited midwater swimming, e.g. tag depth of 1 100 m in
water depth of 4 km. Individuals tagged in coastal Nunavturavelled to the west coast of Greenland (Hussey et
al., 2018). Recent and ongoing telemetry data reveal coordinated movements (seasonal migration) through
commercial fishing areas (Hussey et al., 2018; Hussey et al., unpublished data).

As well, recentevidence suggests that inshore fjords may be important habitats for small sharks (Hussey et al.
2014) and densities vary considerably among stations sampled (Devine et al. 2018), suggesting aggregative
behavior in some areas. Mature females have been frezptly documented in Southwest Greenland but are
rarely seen in other areas (Nielsen et al. 2014).

Fisheries

Fisheries for Greenland shark have occurred in the past (e.g. Norway, Greenland and Iceland). Historically,
high catches have been recorded in Norway and Greenland, driven by the liver oil and skin markets. Landings
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in Norway peaked in 1948 at 58,000 shds. However, this estimate was based on an extrapolation from
barrels of crude shark liver oil, which may be imprecise due to various factors (e.g. sex and species
differences). Reports of landed amounts of liver in Greenland, converted to number of shaykvas historically
estimated to be 15 000 to 30 000 sharks annually from 1850 to 1895, increasing to 30 000 to 45 000 in most
years from 1895 to 1938 for North Greenland alone (Oldenow 1942; Mattox 1973). The shark liver oil market
is supplied by a comination of many different species (e.g.Cetorhinus maximus Centrophorus spp.,
Centroscymnusspp., etc.), hence the extrapolation from liver oil to numbers of sharks harvested is
guestionable. With the advent of synthetic oil, the fisheries substantiallyeatlined in the middle of the 20th
century and landings have remained relatively low, ranging between 50 and 200 t per year (MacNeil et al.,
2012). However, even today Greenland sharks are still used to some extent for dogfood in North Greenland. As
no sharks or shark products are landed to factories, the utilized sharks originate either from directed
subsistence fishery or from the utilization of bycatches in othefisheries. In some areas, Greenland shark are
caught for subsistence and cultural purposes (g. Iceland).

Fisheries Bycatch

There is currently no directed commercial fishery for Greenland shark in the NAFO Convention Area but the
STATLANT 21 data during 20022017 indicated that some incidental catches were landed. Despite the lack of
accurate estimates of total removals owing to unknown discard levels, reported incidental catch has increased
between 2002 and 2017 from 2 t to 71 t, respectively (Fig«i.1). There was incidental catch prior to 2002,
however, reporting of catches from Flag States as not mandatory prior to that time. It should be noted that
numbers of Greenland sharks are generally not reported and weights are estimated visually by
crew/observers or extrapolated from fin length measurements. Therefore, any estimates of numbers
presented are generally either minimum catches based on the number of reports, as each report must be at
least 1 shark (if identified properly), or a conversion from weight to length based on some sort of assumed
relationship between the two.

NAFORegulatory Area

Recent NAFO observer data were summarized for all Flag States fishing in the NRA from 20047 (Figs.xi.2
and xi.3). Without accounting for variable fishing effort, bycatch numbers of Greenland shark were highest
(43%) in the Greenland hdibut bottom trawl fishery, mainly in Division 3L, followed by the Atlantic halibut
longline fishery (26%), mainly in Division 3N, then the redfish bottom trawl fishery (19%), mainly in
Divisions 3N and 3M. The same three directed fisheries, in the samaler, comprised 53%, 27% and 8%,
respectively, of the total Greenland shark bycatch weight.

Most of the longline catches in Division 3N occurred at depths of 260200 m (mainly 400-800 m), with only

a few longline catches on the Flemish Cap at depths&d0-1,200 m. Bottom trawl catches of Greenland sharks
were more widespread in the NRA and occurred in Divisions 3LMNO, but were mainly concentrated in 3L and
3M at depths of 4001,400 m and 3001,000 m, respectively.

The minimum numbers and weight of Greeland shark bycatch in the Greenland halibut bottom trawl fishery
has steadily increased every year since 2014 (Tabbei.1). Although the minimum number and weight of
Greenland sharks caught in the Atlantic halibut longline fishery increased between 2014 @&r2016, bycatch
decreased in 2017 (Tablexi.2). Although discard mortality for bottom trawls is unknown, it is high for
individuals that become entangled in longlines and are improperly handled (MacNeil et al. 2012).

CANADA

An update of Greenland shark bgatch records from the Canadian ASea Observer (ASO) program was shown
(Figure xi.4). While influenced by the level of ASO coverage, which is quite variable, Greenland Sharks are
commonly observed in Baffin Bay and Davis Strait, on the Newfoundland shedfid on edge of the Grand
Banks. Greenland sharks are also observed the Gulf of St. Lawrence and in shallower waters of the St
Lawrence estuary. Greenland Shark bycatch has declined from historic levels, and mostly occurred in shrimp
(trawl) and Greenland halibut (bottom trawl, gillnet and longline) fisheries. Introduction of the Nordmore
grate in 1994 in the Canadian shrimp fishery significantly reduced the bycatch of Greenland Sharks and
various other groundfish species. Occurrences of bycatch are alsbserved in other fisheries for a diversity of
species and using various gear types.
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A positive relationship between fishing effort (number of sets) and the bycatch of Greenland shark was
observed for data from the Greenland halibut trawl fishery in Sub&a 0 (SCR 18/41). The proportion of
Greenland sharks that were dead upon release was notably higher with bottom trawls (~36%) compared to
longlines (~16%). The biomass of Greenland shark caught in bottom trawl sets increases with set duration
and the perentage of Greenland sharks that are alive when released decreases with both trawl set duration
and total catch weight (SCR 18/41).

Bycatch records presented from scientific sampling from exploratory Greenland halibut longline fisheries in
the Eastern Candian Arctic Archipelago further indicate high inshore abundance in the summer, with 120
Greenland sharks caught in 31 fishing sets over 2012016 at depths ranging from 306850m.

USA

Greenland shark catch data from the National Marine Fisheries Service weesummarized and included
longline fishery logbooks, fishery observer programs, recreational shark tournaments, and tagging programs.
No sharks were caught in any East Coast longline fishery. A total of 13 Greenland sharks were caught off the
U.S. East Caa during 1962-2017: seven recorded by NEFSC Observer Program (Fig5) and six from the
NMFS Cooperative Shark Tagging Program. However, most fisheries in this area only occur at depthg to
approximately 400 m. The measuredotal length range for fve of the females was 183127 cm. All but one
individual were caught in bottom trawls. Seven fish were caught at depths between 206 m and 313 m where
the surface water temperatures were very warm, 25.826.7°C. Previous studies suggested that higher
numbers of Greenland sharks may be present in deeper water off the U.S. East Coast but most U.S. research
surveys and fisheries do not occur in these areas. During 19€017, a total of 89 Greenland sharks were
tagged by NMFS Cooperative Shark Tagging Prag partners throughout the North Atlantic, and one was
recaptured. Six of these individuals were tagged off the U.S. East Coast and five of the tagged individuals are
shown in Fig xi.5. An additional individual was tagged further north in the Gulf of Mme off Gloucester, MA.

GREENLAND

From 2015-2017, 144 t were recorded as discarded bycatch in the NAFO Subarea 1 offshore fishery. Sorting
grids are mandatory for shrimp trawlers operating both inshore and offshore in Greenland and indeed none of
the reported bycatches were from shrimp trawlers. In Greenland, the top openings of the shrimp trawls are
big enough to allow large sharks to pass through the trawl and therefore releasing the shark without harm. All
of the reported bycatches were from trawlers tageting other fish species and in a few cases from offshore
longliners. Unreported catch of Greenland sharks could potentially originate from the small boat fishery in the
inshore areas targeting Greenland halibut. However, from both shark surveys, fish seys and numerous
personal accounts, it is known that shark distribution is not random in the inshore areas in Greenland and
that most encounters are minimized simply by avoiding known shark areas. Furthermore, a large proportion
of the Greenland halibut ae targeted with thin 1mm or 3 mm nylon mainline, with ordinary hook size 6, 7, or

8, or size 10 or 11 circle hooks, attached to a 1 mm leader. Therefore, most encounters should result in a lost
hook or longline, rather than a landed bycatch. Whereas smdilbats and sea ice fishery during the winter use
light gear, autoliners and gillnets use more powerful gear and may be more exposed to bycatches of sharks.

Data from Scientific Surveys
CANADA

The Canadian trawlsurveys of the Newfoundland Shelf and th&rand Bank caught Greenland sharks in 63
sets from 19602016 (Fig. xi.6). Additional surveys in the Northern Gulf of St. Lawrence captured 6 sharks,
while surveys in the southern Gulf and Scotian Shelf did not capture Greenland sharks (Big6). Trawl
surveys in NAFO Subarea 0 caught 92 individuals in 4213 sets at depths from 40800m from 2004-2017,
and inshore longline surveys caught 127 Greenland sharks in 186 sets from 20@017 (Fig. xi.7) suggesting
abundance may be greater in inshore areas alorige coast of Baffin Island.

Length data and weight estimates were available for most of the sharks caught in the offshore Subarea 0
surveys, with length ranging from 81 cm to 364 cm and weight from 5 kg to 600 kg. Lengths varied from 100
cm to 400 cm inthe inshore longline surveys.
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USA

Data from all annual research bottom trawl surveys (19632017) and coastal shark longline surveys (1986
2017) conducted along the U.S. East Coast were examined for Greenland shark catches. No sharks were
caught in thesesurveys. However, the surveys in this area only occur at depths of up to approximately 400 m.

EU-SPAIN & PORTUGAL

In 2017, information was presented for the EUSpain 3L and 3NO surveys as well as the EU 3M survey. A total
of 8 Greenland sharks were caught over all the years of these surveys (198817).

GREENLAND

Surveys carried out by Greenland in 1A caught 206 imividuals, out of 15,909 sets, from 1988 to 2017.
Highest catches occurred during the gillnet surveys in NAFO Div. 1A, where 62 individuals were captured
from 2014 to 2017. Length varied from 50550cm with the sharks predominantly within the 300-450 range.
Nielsen et al. (2014) found that females were in the larger 36850 cm range while smaller males ranged from
80-350 cm.

Potential management measures

Greenland sharks warrant precautionary consideration due to their extremely delayed maturity and low

fecundi ty. The |1 UCN Red Li st Shark Specialist Group ass:
primarily on the biological vul nerability associated v
have issued prohibitions on other shark spees based on their evaluation of biological vulnerability and

potential for high post-release survival. A prohibition on retention and directed fishing for Greenland sharks is

advised, along with the implementation of bycatch reduction measures. Currentlihe NAFO Conservation and

Enforcement Measures (CEM), requires only reporting catches of sharks and prohibits the removal of shark

fins on-board vessels, or the retention orboard, transhipment and landing of shark fins fully detached from a

carcass. Thg@romotion of safe handling practices to improve postelease survival is also recommended.

In addition to a prohibition on any directed fishery for Greenland sharks such as those adopted by other
RFMO’ s, a key to the r déygatahisiingoroving the r€oring of Ibyecatoth theugla r k
better data collection and species identification. Mandatory reporting of all Greenland shark bycatch,
including discards, by commercial and recreational fisheries and increased coverage of relevanhéses by
adequately trained ASOs, will lead to the development of effective bycatch mitigation policies and measures.
Furthermore, training commercial fishers in safe handling and release practices for live shark bycatch is
critical to reducing the mortality of sharks in commercial fisheries.

For other shark species, management measures implemented have included: temporal and/or spatial closures

to fishing (e.g., of shark “hot spots” such as seaso
modifications; restrictions on bait type; shark bycatch limits (e.g., reduced bycatdio-target species ratio,

illegal possession/landings/sales of particular shark species); or reductions in fishing effort (e.g., shortening

durations for trawling, reducing soak times for gillnets and longlines, restricting the number and size of

vessels allowed in a fishery). In otter trawl fisheries, rigid excluder devices that allow marine turtles and large

sharks to escape upwards through the net significantly reduce shark bgtch (Brewer et al. 2006), and should

be mandated for use in trawl fisheries that are known for capturing many sharks incidentally.

Modifications to longline gear have been shown to reduce Greenland shark bycatch in commercial fisheries;
Woll etal. (2001) found that circle hooks reduced gutooking in sharks, while outperforming commonly used
EZhooks in capturing the target species (Greenland halibut) in this fishery. However, SMARSelective
Magnetic and RepelleniTreated) hook deterrents have been show to be ineffective for reducing Greenland
shark bycatch (Grant et al. 2018). Another potentially effective gear modification involves reducing gangion
breaking strength on longlines, effectively releasing Greenland shark bycatch after hooking while remaig
intact with the target species (Greenland halibut; based on the significant size differential between both
species) (Grantet al. 2018b).

A recently concluded study shows that postelease survival of longline caught sharks is quite high for this
species, even in cases of severe entanglement (Watanabe et al., in press). High-pgease survival depends
on several key factors, specifically: 1) Safe handling practices must be employed during release (e.g. hooks
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should be removed carefully or cut freeso as to not break the jaw during dehooking; gear should be cut away
from entangled sharks, rather than tails cut to free the gear), 2) To reduce incidence of cannibalism, which is
commonly reported throughout the range of fisheries interactions (Hussewinpublished data; SCR 18/44),
soak times need to be reduced and dense aggregations must be avoided, and 3) Individuals caught with the
mainline wrapped around the caudal peduncle should not be lifted out of the water, in order to avoid severe
damage to thke peduncle. Survival of Greenland shark has been found to decrease with increased trawl
duration and depth (Fig xi.8), therefore restriction on set durations may help to limit bycatch mortality.

Recommendations

A gquantitative assessment of the status othe Greenland shark population in NAFO waters would require

much more knowledge about the species’ l'ife history a
example, accounting of total fishery removals needs to be improved. Catch of Greenland shdwige not been

consistently reported to the Secretariat by Contracting Parties, based on data from the STATLANT 21

Database. Bycatch numbers and more biological data should be collected by at sea observers. A Greenland

shark identification sheet (e.g., FAGSpecies Identification Sheet) and photos, if provided to all fishery

observers, would be helpful for accurate species identification. In addition, observer instructions regarding

collection of the following data would be useful for stock status assessmeptirposes: number and estimated

weight of each shark caught per haul or set, catch disposition, and measured total length if possible without

causing excessive stress to the animal. Currently, the number of sharks caught per haul or set is infrequently
recorded in the “comments” section of the haul catch 1 oc
by the Captain but the number of individuals caught is needed to determine the numbers of fishery removals.

The collection of measured rather than eéfmated total length data is preferred when feasible. Sex should be

recorded when possible and calcification of male claspers is useful for determining sexual maturity. Photo

verification would be helpful in this regard. Tagging and release of caught Grdaend sharks by ASOs would

also be useful for determining discard survival rates and migration patterns.

General recommendations include:

1 Improve reporting of all sharks by species within the NAFO Convention Area.

1 Improve collection of Greenland shark numbes, measurements (when feasible without causing

undue harm) and recording of sex data and discard disposition (i.e., dead or alive) by fishery

observers in all fisheries in the NAFO Convention Area.

Conduct discard mortality studies for longline gear and dttom trawls

Undertake studies to better understand reproductive potential, abundance, and movements and

distribution of Greenland sharks

1 To inform potential spatial and/or temporal fishery management measures, further research on
movements, diel vertical migrations and distribution of Greenland shark is required to better
understand factors such as migration, nursery areas, population structure, and connectivity.

=a =4
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Fig.xi.1.  Nominal catches (t) of Greenland shark reported by Flag States to the NAFO Secretariat
during 2003-2017 (Source: STATLANT 21A Database). Nofeporting of shark bycatch
from Flag States was not mandatory prior to 2002.
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Greenland shark bycatch (kg), 2014-2017
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Fig.xi.3.  Presence of Greenland shark catches in longline (red dots) and bottom trawl (blue dots)
hauls that occurred in the NAFO Regulatory Area during 2012017 based on data from
the NAFO Observer Program.
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Fig.xi.4. Greenland shark occurrences in the Canadian AAea Observer program (19852016).
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Fig.xi.5. Locations of the five Greenland sharks recorded as bycatch in U.S. East Coast fisheries
that operated between the Gulf of Maine and Cape Hatteras, North Caroloharing 1989-
2017. Data source: Northeast Fisheries Observer Program Database, 19897,
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Fig.xi.6.  Greenland shark occurrences in various Canadian surveys in the Gulf of St. Lawrence, the
Grand Banks and Newfoundland Shelf from 196Q016.
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Fig.xi.7. Presence and absence of Greenland sharks in DFO longline (2€017) and trawl
(2004-2014) survey data. Red circles indicate Greenland shark catches, open circles
indicate fishing sets that did not capture Greenland sharks.
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Fig.xi.8.  Greenland shark bycatch that was alive (tan) and reported as dead (dark brown) when
discarded as it relates to set duration (hours) of trawling.
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Table xi.1. Minimum numbers of Greenland sharks caught in the NAFO Regulatory Area in botto
trawls, by target species, based on NAFO observer data from 202@17.

Dominant Species

Minimum Number

Estimated Catch (t)

Captured 2014 2015 2016 2017 Total 2014 2015 2016 2017 Total
Greenland halibut 20 42 49 96 207 11.2 29.8 655 162.6 269.0
Redfishes 10 5 38 39 92 7.1 42 438 84.7 139.7
Cod 3 2 10 4 19 3.8 1.1 231 45 325
Greenland shark 1 3 4 0.5 3.0 3.5
Skates 2 2 4 5.5 2.7 8.2
Silver hake 1 1 2.0 2.0
Roughhead

grenadier 1 1 1.2 1.2
Total 34 50 99 145 328 234 355 137.8 259.4 456.1

Table xi.2. Minimum numbers and estimated weight (t) of Greenland sharks caught in the NAF
Regulatory Area on longlines, by target species, based on NAFO observer data from 20

2017.
Minimum Number Estimated Catch (t)

Dominant Species

Captured 2014 2015 2016 2017 Total 2014 2015 2016 2017 Total
Atlantic halibut 23 42 38 24 127 6.9 118 96 148 431
White hake 5 5 10 14 3.5 4.9
Thorny skate 8 1 9 2.3 1.4 3.6
Northern wolffish 6 6 3.7 3.7
Roughhead

grenadier 5 5 1.1 1.1
Cod 1 1 0.2 0.2
Total 41 43 39 35 158 11.7 13.2 99 219 56.6
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xii) Continue work on the SWOT analysis (Item 13)

The Commission requests the Scientific Couaaittinue on a Strengths, Weaknesses, Opportunities and Threats
(SWOT) analysis. The strategy and the mid and ldegn objectives and tasks in view of NAFO's amended
convention objectives should be developed jointly with the Commission. The plan should fé&f each strategic
objective goals, tasks and measurable targets.

Scientific Council Responded:

Scientific Council accomplished the first part of the request in 2017, completing the SWOT analysis. SC wag not
able to start to develop a strategic scieffic plan with mid and long term objectives and with individual
objective goals, tasks and measurable targets due to workload of SC and noted that this should dong in
conjunction with the Commission. The findings of the ongoing Performance Review will algove more insight
as to what a plan could include.
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2. Coastal States

a) Request by Denmark (on behalf of Greenland) for advice on management in 201 9 of certain stocks
in Subareas0 and 1 (Annex 2)

i) Advice on Golden redfish, demersal deepsea redfish, Atlanticwolffish and spotted wolffish was
given in 2017 for 2018 -2020.

Interim monitoring updates of these stocks were conducted and Scientific Council reiterates its previous
advice as follows:

Recommendation for 2018 - 2020 Deep-sea redfish and Golden redfish: The Scientific Council advises
that there should be no directed fishery. The next full assessment of this stock will take place in 2020.

Recommendation for 2018 - 2020 Atlantic wolffish: The Scientific Council advises that there should be no
directed fishery. Spotted wolffish: The Scientific Council advises that the TAC should not exceed 975 tonnes.

i) Greenland halibut in Div. 1A (inshore) (ltem 3)

Advice on Greenland Halibut in Division 1A inshore was in 2016 given f&2017-2018. Denmark (on
behalf of Greetand) requests the Scientific Council before December 2018 to provide advice on the
scientific basis for management of inshore Greenland HalibuRginhardtius hippoglossoidgdn Division
1A.

Scientific Council responded:
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Greenland halibut in Division 1A inshore - Disko Bay Advice June 2018 for 20122020

Recommendation for 2019 - 2020
The Scientific Council advises that the TAC should not exceed 5120 tons.

Management objectives
No explicit management plan or management objectives have been defined by the Government of Greenland.

Management unit

The stocks are believed to recruit from the Subarea 0+ 1 offshore spawning stock (in the Davis Strait) and
there is little migration between each of the separate inshore populations and offshore stocks in SA 0 and 1.
Separate advice is given for each area in Subarea 1A inshore.

Stock status

Length in the landings has gradually decreased over 10 to 15 years. In spite of the 2017 redustin catch, the
number of fish landed remains highThe Gillnet survey CPUE has gradually decreased and remained below
average levels in the most recent -3 years. The trawl survey biomass indexas gradually decreased since
2005, with the lowest values faind in the most recent 4 yearsThe commercial CPUHEor longline vessels has
more than halved since 2009. Recruits are mainly received from offshore stocks and recruitment remains
high.
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Reference points
Could not be established.

Assessment
No analytical assessment was performed. Mean length in the landings, survey indices and commercial CPUE
was considered the best information to monitor the stock.

The next assessment is planned for 2020.

Human impact
Mainly fishery related mortality. Other mortality sources (e.g. pollution, shipping, oiindustry) are
undocumented.

Environmental impact
Since 1997 bottom temperatures have remained stable at a level of®2degrees in the Disko Bay.

Fishery

Catches increased in the 980s, peaked from 2004 to 2006 at more than 12 000 t, but then
decreased substantially. From 2009, catches gradually increased and reached 10 760 tin 2016,
before decreasing to 6409t in 2017.

Recent catch estimates and TACs (000 ton) are as foll
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
TAC 8.8 8.8 8.0 8.0 9.0 9.0 9.2 9.7 9.2 9.2
STACFIS 6.3 8.4 8.0 7.8 9.1 9.2 8.7 10.8 6.4

Effects of the fishery on the ecosystem

Greenland halibut in the area is targeted with longlines andillnets. Both gears select adult fish with large

body size and do not retain recruits or small sized fish. Ghost fishing by lost gilinets has been observed but its
effects are unknown.

Basis for advice
A quantitative assessment of risk at variousatch options is not possible for this stock. The application of the

ICES guidance on datimited stocks (DLS) method 3.2 (ICES 2012a and 2012b, ICES 2014) using the
Greenland shrimp and fish survey was used by SC in 2016 as the basis for advice on GagehHalibut in the
Disko Bay. This rule was applied again to generate the current advice

G+1=advicaecent*r
where r=mean of biomass index (20152017)/ mean of biomass index (20112014).

Should changes in excess of-+20% be generated using this rule,a 20% cap is applied. A first year
precautionary buffer was not applied, since the stock is considered to receive recruits from the offshore area
and is not regarded as reproductively impaired.

For 2018, r=mean of biomass index (20152017)/ mean of biomass index (20132014)=0.73. Therefore the
20% reduction cap is applied and the advised TAC &00*0.80=5120 t.

Multi-year advice is recommended when applying this indexatio based rule. Also, Greenland has requested
advice for as many years as is consided appropriate. A two-year advice cycle is suggested at this time.

Sources of Information
SCR Doc. 18/023 032 and 035 and; SCS Doc. 18/010.
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Greenland halibut in Division 1A inshore 2 Upernavik Advice June 2018 for 20122020

Recommendation for 2019 - 2020
All available indicators have declined under current levels of removals.

Scientific Council recommends that catch should not exceed 5330rtis is a reduction over the previous
advice accounting for the reduction in mean individual size in the recent tzhes.

Management objectives
No explicit management plan or management objectives have been defined by the Government of Greenland.

Management unit

The stocks are believed to recruit from the Subarea 0+ 1 offshore spawning stock (in the Davis Straitjla
there is little migration between each of the separate inshore populations and offshore stocks in SA 0 and 1.
Separate advice is given for each area in Subarea 1A inshore.

Stock status

The catch in tons and in number of fish has been record high se@014. The gillnet survey CPUE showed fish
in the size range 3065 cm. Meanlength in the landings decreased in the 1990s, but stabilized from 1999 to
2009. Since then length in the landings have decreased further to &8 cm. The standardized longline CBE
index reveal a gradual decreasing CPUE with the most recent 3 years being among the lowest observed.

14 80
——Catch 78 r —— winter longline
12 | 7k, | e summer longline
74 | mean all gear
10 72 F
« Tt o 70 |
g Zes |
§s8 T
§ © 66
< c 64
o £
g e ez |
= c
2 o 60
O 4 %58 I
€56
2 r 54 |
52 |
0 . . . . . . 50
1985 1990 1995 2000 2005 2010 2015 1992 1996 2000 2004 2008 2012 2016
Year Year

8

7

Upernavik, Standardized CPUE, 95% CI

o_| 5
g g
= §4.
2o 5
= S
8 3-
k-

x O
o B 2
=1
o
[+
Q| 1r
7
0

I I I I I 1985 1990 1995 2000 2005 2010 2015
2008 2010 2mz 014 2015 Year

Northwest Atlantic Fisheries Organization www.nafo.int



74 SC 01-14 June 20B

Reference points
Could not be established.

Assessment
No analytical assessment was performed. Survey indices, Commercial CPUE and Mean length in the landings
were considered the best information to monitor the stock.

The next assessment is planned for 2020.

Human impact
Mainly fishery related mortality. Other mortality sources (e.g. pollution, shipping, oiindustry) are
undocumented.

Environmental impact
Unknown

Fishery

Catches increased from the mid 1980's and peaked in 19
sharply, but during the pastl5 years, they have gradually returned to the higher level. Average catch in the

most recent 5 years has been 6 800 t.

Recent catch estimates (000 ton) are as foll ows:
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
TAC 5.0 6.0 6.5 6.5 8.0 9.5 9.5 9.5 9.5 9.5
STACFIS 6.5 5.9 6.5 6.8 6.0 7.4 6.3 7.4 6.8

Effects of the fishery on the ecosystem

Greenland halibut in the area is targeted with longlines and gillnets. Both gears select adult fish with large
body size and do not retain recruits osmall sized fish. Ghost fishing by lost gilinets has been observed but its
effects are unknown.

Special comments
The ICES Harvest Control Rule 3.2 for data limited stocks could not be used since survey time series was too

short to be applied.

Sources of Information
SCR Doc. 18/023, 032, 035; SCS Doc. 18/010.
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Greenland halibut in Division 1A inshore z Uummannagq Advice June 2018 for 20122020

Recommendation for 2019 - 2020

All available indicators have declined under current levels of removals.

Scientific Council recommends catch should not exceed 5 800 t. This is a reduction over the previous ad
accounting for the reduction in mean individual size in the recent catches

ce

Management objectives
No explicit management plan or management objectives have been defined by the Government of Greenland.

Management unit

The stocks are believed to recruit from the Subarea 0 + 1 offshore spawning stock (in the Davis Strait) and
there is little migration between each of the separate inshore populations and offshore stocks in SA 0 and 1.
Separate advice is given for each area in Subarea 1A inshore.

Stock status

The catch in tons and in number of fish has been record high in 20Hhd 2017. The gillnet survey CPUE
showed considerable numbers in the interval 4670 cm. Mearlength in the landings has gradually decreased,
particularly in the recent 3 years.From 2011, the standardized commercial longline CPUE index decreased
gradually, with 2017 the lowest level observed in the time series.
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Reference points
Could not be established.

Assessment
No analytical assessment was performed. Mean length in the landings, commercial CPUE and survey indices
were considered the best information to monitor the stock.

The next assessment is planned for 2020.

Human impact
Mainly fishery related mortality. Other mortality sources (e.g. pollution, shipping, o#industry) are
undocumented.

Environmental impact
Unknown

Fishery

Catches in the Uummannagqg fjord gradually increased fr
decreased and remained between 500@and 6000 t from 2002 to 2009. After 2009 catches gradually

increased reaching 10 305 t in 2016. In 2017, 9049 t were caught in the area.

Recent catch estimates (000 ton) are as foll ows:
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
TAC 5.0 5.0 6.0 6.0 7.4 84 9.5 9.9 9.5 9.5
STACFIS 54 6.2 6.4 6.1 7.0 8.2 8.2 10.3 9.0

Effects of the fishery on the ecosystem

Greenland halibut in the area is targeted with longlines and gillnets. Both gears select adult fish with large
body size and do notetain recruits or small sized fish. Ghost fishing by lost gillnets has been observed but its
effects are unknown.

Special comments
The ICES Harvest Control Rule 3.2 for data limited stocks could not be used since survey time series was too
short to be aplied.

Sources of Information
SCR Doc. 18/023, 032, 035; SCS Doc. 18/010.
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iii) Pandalus borealis east of Greenland and in the Denmark Strait (in conjunction with ICES) (Item 5)

Furthermore, the Scientific Council is in cooperation with IQfe§uested to provide advice on the scientific basis
for management of Northern shrimp (Pandalus borealis) in Denmark Strait and adjacent waters east of
southern Greenland in 2and for as many years ahead as data allows for.

The Scientific Council defered respondingto this request to theSC/NIPAG meetingn October2018.
b) Request by Canadaand Denmark (Greenland) for Advice on Management in 201 9

i) Greenland halibut in Div. OA and the offshore areas of Div. 1A, plus Div. 1B (Annex, Item 3; Annex 3,
Item 1)

For Greenland halibut in Subareas 0 + 1 advice was in 2016 given for 2017 and 2018. Subject to the
concurrence of Canada as regards Subareas 0 and 1, the Scientific Council is requested to continue to monitor
the status, and shouldsignificant changes in the stock status be observed, the Scientific Council is requested
to provide updated advice for Greenland halibut as appropriate in 1) the offshore areas of NAFO Division 0A
and Division 1A plus Division 1B and 2) NAFO Division 0By# Divisions 1G1F. The Scientific Council is also
asked to advise on any other management measures it deems appropriate to ensure the sustainability of
these resources.

Scientific Council responded:
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Greenland halibut in SA 0 + Div. 1A Offshore and Div. 1B-1F Advice June 2018 for 2019 and 2020

Recommendation for 20 19 and 2020
Scientific Council advises that there is a low risk of Greenland halibut in Subarea 0 + 1A (offshore) andFL
being belowBim if the TAC for 201 and 2020 does not exced 36 370 t.

W

There is no scientific basis with which to provide separate advice for Div. 0A+1AB and Div. 0B+ CSientific
Council advises that consideration be given to the distribution of effort in each area to avoid localized
depletion.

Management objectives

Canada and Greenland adopted a total allowable catch (TAC) of 32,3002@1.8. Canada requests
that the stock status should be evaluated in the context of management requirements for letegm
sustainability and the advice provided sould be consistent with the precautionaryapproach.

Convention objectives Status Comment/consideration
Apply Precautionary Approach @ Stock well aboveBim @ oK
Q@ Intermediate
Minimise harmful impacts on living Q Fishing closures are in effect in
marine resources andecosystems SAO and Div. 1A. No specifi
measures.

Management unit

The Greenland halibut stock in Subarea 0 + Div. 1A (offshore) and Div.-1B is part of a larger population
complex distributed throughout the Northwest Atlantic. In Subarea 0 and 1, two separate assessments are
conductedon this species In addition, since 2002, advice for the Subarea 0 +Div. 1A (offshore) and Div. 1B~
stock has been given separately for the northern area (Div. OA and Div. 1AB) and the southern area (Div. 0B
and 1CGF).

Stock status

The combined Div. 0ASouth + Divs. 1CD biomass index remains aboBen. The index was relatively stable
until 2014 then increased between 2014 and 2016. The decline observed in 2017 is a result of a decline in
the OA-South survey biomass. Recruitment habeen increasing in recent years, and in 2017 was one of the
highest in the time series.

Reference points

Age-based or production models were not available for estimation of precautionary reference points. In 2014
a preliminary proxy for Bim was set as30% of the mean for the combined 0ASouth + Div. 1CD survey
biomass index for years 1999 to 2012.

Assessment

The assessment is qualitative with input from research surveys (biomass and abundance indices, a
recruitment index, and lengthdisaggregated surey indices and fishery data (catch per unit effort and length
frequencies).

The next assessment is expected to be in 2020.

Human impact
Mainly fishery related mortality has been documented. Other sources (e.g. pollution, shippirgl-industry)
are undocumented.

Biology and Environmental interactions
No specific studies were reviewed during this assessment
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Fishery

Catches were first reported in 1964. Catches increased from 1989 to 1992 due to a new trawl fisheryDiv.

0B with participation by Canada, Norway, Russia and Faeroe Islands and an expansion of the 1CD fishery with
participation by Japan, Norway and Faeroe Islands. Catch declined from 1992 to 1995 primarily due to a

reduction of effort by non-Canadian fle¢s in Div. OB. Since 1995 catches have been near the TAC and
increasing in step with increases in the TAC, with catches reaching a high of 34,661 t in 2017.

Recent catch and TACs (‘000 t)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC 24 27 27 27 27 30 30 30 32.3 32.3
SA O 12 13 13 13 13 15 14 14 16
SA1 13 13 14 14 15 16 17 17 18

Total STACFIS2 25 26 27 27 28 31 31 31 35

1Based on STATLANT, with information from Canada and Greenland authorities used to exclude
and OBinshore catch.

2Includes inshore 1BF catches that were <500t prior to 2013 and have varied between 1,000 t an
2,000 t since then.
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Effects of the fishery on the ecosystem
No specific information available. General impacts of bottom trawl gear othe ecosystem should be
considered.

Basis for Advice

A quantitative assessment of risk at various catch options is not possible for this stock. Therefore it is not
possible to quantitatively evaluate the sustainability of the TAC. In 201ée ICES HarvesControl Rule 3.2 for
data limited stocks was accepted as a basis for giving TAC advice. This method was used again to provide the
following advice for the next two years.

G+1=Catchuavised*r
where r=index mean for 20152017/index mean for 2008,2010, 2012, 2014
=1.126
Catchuvisea= 32,300 t (catch advised for 2017 and 2018 and subsequently implemented as the TAC).

Catch in 2019 and 2020=32,300 t* 1.126
=36,370t

Special comments

The vessel that has conducted surveys in SA 0+1 since 1997 he®n retired and there will be no survey in
2018. Also, it will not be possible to calibrate this survey series with the next survey that is expected to begin
in 2019. The absence of a continuous survey series may constrain the ability of SC to assessfigie advice
on this stock in coming years and furthermore, SC may be unable to evaluate the impact of the advised TAC.

Sources of information
SCR Doc. 18/15, 21, 32, 40; SCS Doc. 18/10, 13
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i) Pandalus borealis in Subareas 0 and 1

Subject to theconcurrence of Canada as regards Subarea 0 and 1, Denmark (on behalf of Greenland) requests
the Scientific Council before December 310 provide advice on the scientific basis for mayement of
Northern shrimp (Pandalus borealis) in Subarea 0 and 1 i@12 and for as many years ahead as data allows for.

The Scientific Council deferred responding to this request to the SC/NIPAG meetingOctober2018.

3. Scientific Council Advice of its own Accord

Scientific Council completed the necessary work to providedvice on two items of its own accordThough
advice for witch flounder in Divs 3NO was given in 2017 for 2018 and 2019, the Council indicatéBecause of

the uncertainty and proximity to limit reference points the next full assessment is rescheduledpforu 6 6 8
Additionally, it was noted that the current sea pen closure Area 14 expires at the end of 2018. Thus, the
Council updated its previous analysis using recent data and has provided advice to facilitate the work of WG
EAFFM during its August 2018 medg.

a) Witch flounder in Divisions 3NO

Northwest Atlantic Fisheries Organization www.nafo.int



82 SC 01-14 June 20B

Witch flounder in Divisions 3NO Advice June 2018 for 20122020

Recommendation for 2019 and 2020

The probability of being below Bm in 2021 ranges from 15% to 24% amongst the tested scenarios. The
NAFO PA framework specifies that there should be a very low probability of being belowB

SC recommends that there be no directed fishing in 2019 and 2020.

Management objectives
The Canmission adopted a total allowable catch (TAC) of 1,116 t in 2018. General convention objectives (GC
Doc. 08/3) are applied.

living marine resources and
ecosystems
Preserve marine biodiversity

measures.

Cannot be evaluated

Convention objectives Status Comment/consideration
Restore to or maintain atBmsy @ B2018 < Bmsy @ OK
Eliminate overfishing @ F<Fny Q  Intermediate
Apply Precautionary Approach ® Increased risk ofB<Bim @ Not
accomplished

Minimise harmful impacts on VME closures in effect, no specifii O Unknown

@

@)

Management unit

The management unit is NAFO Divisions 3NOhe stock mainly occurs in Div. 30 along the southwestern
slopes of the Grand Bank. In most years the distribution isoncentrated toward the slopes but in certain
years, a higher percentage may be distributed in shallower water.

Stock status

The gock size increased since 1999 to about 2010 and then declined after 2013 and is now at 3B¥sy.(Bmsy

= 60 000 t). There is presently a 29% risk of the stock being belo®im and a 4% risk ofF being aboveFim.
Recruitment in 2017 surveys increased in the fall to a value just above the time series mean while those in the
spring increased to a value apmaching the time series mean.
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Reference points

Reference points are estimated from the surplus production model. Scientific Council considers that 3@4sy
is a suitable biomass limit reference point Bim) and Fmsya suitable fishing mortality limit reference point for
stocks where a production model is used.

Projections and risk analyses.

All projections assumed that the catch in 2018 was equal to the TAC of 1,116 t (which produdes:is). This
assumption was baged on reported catches to the end of April 2018 of almost 600 The probability that F >
Fim in 2018 is 30% at a catch of 1 116 t. The probability of Fm ranged from 7 to 50% for the catch
scenarios tested. The population is projected to grow under all scenarios and the probability that the
biomass in 2021 is greater than the biomass in 2018 is greater than 60% in all scenarios. The population is
projected to remain below Busy for all levels of F examined with a probability of greater than 90%. The
probability of projected biomass being belowBim by 2021 was 19 to 24% in all catch scenarios examined and
was 15% by 2021 in the F=0 scenario.
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Projections with catch in 2018 =1 116 t
Median Median (90% CI)
F=0 Projected Yield (t) | Projected Relative BiomassHy /B msy)
2019 0 0.39 (0.19, 0.91)
2020 0 0.43 (0.21, 1.02)
2021 0.48 (0.23,1.12)
F2017=0.03 Projected Yield (t) | Projected Relative BiomassHy /B msy)
2019 740 0.39 (0.19, 0.91)
2020 792 0.42 (0.20, 1.00)
2021 0.45 (0.20, 1.09)
2/3 Fnsy=0.04 | Projected Yield (t) | Projected Relative BiomassHy /B msy)
2019 979 0.39 (0.19, 0.91)
2020 1035 0.42 (0.19, 0.99)
2021 0.44 (0.19, 1.08)
85% Fmsy=0.05 | Projected Yield (t) | Projected Relative BiomassHy /B msy)
2019 1248 0.39 (0.19, 0.91)
2020 1306 0.41 (0.19, 0.99)
2021 0.43 (0.19, 1.06)
Fmsy=0.06 Projected Yield (t) | Projected Relative BiomassEy /B msy)
2019 1468 0.39 (0.19, 0.91)
2020 1522 0.41 (0.19, 0.98)
2021 0.42 (0.18, 1.05)

Projected yield (t) and the risk of F>Fim, B<Bim and B<Busvand probability of stock growth (B2021>B2018)
under projected F values of F=0, F2017, 2/Busy, 85% Fumsy, andFusy.

Yield | Yield | P(F>Fim) P(B<Bim) P(B<Busy) P(B2021>Bz018)
2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2021 | 2019 | 2020 | 2021
F=0 0 0 0 0 26% | 20% | 15% | 96% | 95% | 93% | 72%

F2017=0.03 740 | 792 | 7% 8% 26% | 22% [ 19% | 96% | 95% | 93% | 67%

2/3 Fmsy=0.04 | 979 | 1035 | 19% | 20% | 26% | 23% | 21% | 96% | 95% | 94% | 65%

85%Fmsy=0.05| 1248 | 1306 | 36% | 37% | 26% | 24% | 23% | 96% | 95% | 94% | 63%
Fmsy=0.06 1468 | 1522 | 50% | 50% | 26% | 25% | 24% | 96% | 95% | 94% | 61%

Assessment
This stock is assessedtilizing a surplus production model in a Bayesian framework. A full assessment was

conducted in 2017 and 2018.

The input data were catch from 19662017, Canadian spring survey series from 1984990, Canadian spring
survey series from 19922017 (no 2006) and the Canadian autumn survey series from 1992017 (no 2014).

The next assessment is planned for 2020.

Human impact

Mainly fishery related mortality. Other potential sources (e.g. pollution, shipping, and eihdustry) are
undocumented.

Biological and environmental interactions

Witch flounder in NAFO Divs 3NO are distributed mainly along the tail and southwestern slopef the Grand
Bank. The Southern Grand Bank (3NO) EPU is currently experiencing low productivity conditions and
biomass has declined across multiple trophic levels and stocks since 2014.
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Fishery

The fishery was reopened to directed fishing in 2015 andsiexploited by otter trawl. Prior to the reopening,
witch flounder were caught primarily as bycatch in bottom otter trawl fisheries for yellowtail flounder,
redfish, skate and Greenland halibut.

Recent catch estimates and TACs are:

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf ndf Ndf ndf ndf ndf ndf 1.0 2.2 2.2 1.1
STATLANT 0.2 0.1 0.4 0.4 0.3 0.3 0.3 0.4 1.0 0.6
21

STACFIS 0.3 0.4 0.4 0.4 0.3 0.3 0.3 0.4 11 0.7
*ndf = no directed fishing

Effects of the fishery on the ecosystem
No specific information available. General impacts of bottom trawl gear on the ecosystem should be

considered.

Special comments

This advice is given by SC on its own accord in light of the special comment in 201Be¢ause of the
uncertainty andproximity to limit reference points the next full assessment is rescheduled for 2018

Sources of Information
SCR Docs 18/14, 18/03, 18/05, 18/25 SCS Docs. 18/05, 18/06, 18/07, 18/08 NAFO/GC Doc 08/3.
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b) Seapen closure (Area 14)

The current sea pen closure Area 14 expires at the end of 2018. To facilitate the work of \E&G-FM at its
August meeting in 2018 an updated analysis of sea pen biomass was conducted t@valuate the status of
sea pen VME on the eastern area of the FleshiCap and to address some of the concerns over the stability of
the polygons used to inform the sea pen closed area (Area 14).

Following an updated analysis with additional sea pen biomass records (202£42017), SC concludes
there is very little changein the overall distribution of sea pen VME found on the eastern area of the
Flemish cap.

Considering the data set used in the 2013 Kernel Density Estimate (KDE) analysis, plus an additional 123 new
sea pen biomass records from the Canadian and EUrveys conducted from 2014 to 2017, an updated KDE
surface was created and the area of successive density polygons calculated using the same methods as
conducted in 2013. A density threshold of 1.4 kg was independently determined to identify significant
concentration of sea pens in the 2013 assessment, and again in thedgted analysis conducted in the

present assessment (Fig3b.1). When compared with the previous analysis (NAFO, 2013), there is very little
change in the overall distribution of the segpen VME found on the eastern area of the Flemish cap (R3§.2).

50000

45000
40000 -

35000 T

30000 —1

25000 1

Area (Km?)

20000 —1

15000 —

10000 —1

o — = m = W WOREEEEEEEE

=
3 gt S s N BN S L S SIS RS S N

Sea Pen Catch Weight (Kg)

Fig.3b.1. Area occupied by successive equal density thresholds (sea pen catch weight in
kilograms) associated with the updated KDE analysis. Red bar indicates the density
threshold used to identify significant concentrations of sea pens.
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Fig.3b.2. Comparison of sea pen VMEs determined from the present analysis (blue) with those
produced from the earlier analysis (purple; NAFO, 2013). The fishing footprint is shown

in outline as are he current sea pen VME fishery closures associated with the Flemish
Cap.
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VIII. REVIEW OF FUTURE MEENGS ARRANGEMENTS
1. Scientific Council, 17 7z 21 Sep 2018
Scientific Council noted the Scientific Council meeting will be held Tallinn, Estonia, 17-21 September 208.
2. Scientific Council , (in conjunction with NIPAG), 17 723 Oct2018

Scientific Council noted that the Scientific Council shrimp advice meeting Wie heldat the NAFO Secretariat,
Dartmouth, Nova Scotia, Canada, 3723 October, 2018.

3. WGESA13-22 Nov, 2018

The Working Group on Ecosystem Science and Assessment will meet at M&FO Secretariat, Dartmouth,
Nova ScotiaCanada 13-22 November, 2018.

4. Scientific Council, June 2019

Scientific Council agreed that its June meeting will be held d&1 May - 13 June 2019, a t Saint Mary’
University, Halifax.

5. Scientific Council (in conjunction with NIPAG), 201 9
Dates and locatiornto be determined.
6. Scientific Council, Sep 2019

Scientific Council noted that the Annual meeting will be held in September Halifax, Nova Setia, unless an
invitation to host the meeting is extended by a Contracting Party.

7. Scientific Council, June 2020

Scientific Council agreed that its June meetingilvbe held 30 May-12 June 2020. at Saint Ma
Halifax.

8. NAFO/ICES Joint Groups
a) NIPAG,17 723 Oct2018

Scientific Council noted the NIPAG meeting will be heldt the NAFO SecretariatPartmouth, Nova Scotia,
Canada, 1723 October, 2018.

b) NIPAG, 2019

Dates and locatiorto be determined. .

c) ICESz NAFOWorking Group on Deep-water Ecosystem
Dates and locatiorto be determined. .

d) WGHARP, 2018

The report of the 2017 WGHARP meeting is not available and the date and location of the next nreptire
unknown.

9. Commission - Scientific Council Joint Working Groups
a) WGRBMS

The joint SGCommission Working Group on Risk Based Management Systems (WGRBMi8)be held in
NEAFCHeadquarters13-14 August 2018

b) WGEAFFM

The joint SGCommission Working Group orthe Ecosystem approach to Fisheries Management (\AWEAFFM)
will be held in NEAFCheadquarters, London, UK, 16-17 August2018
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c) CESAG
The next meeting of theCatch Estimation Strategy Advisory Group (CESAG) will be in 2019

IX.ARRANGEMENTS FOR SPECIAESSIONS
1. Topics of Future Special Sessions

In September SC will discuss the possibility of future special sessions including survey standardization as
discussed in STACREC.

2. ICES/PICES/NAFO International Symposium on "Shellfish Resource s and Invaders of the North"

Scientific Council has received an invitation to ctost with ICES and PICES an International Symposium on
"Shellfish Resources and Invaders of the North" that will be held-B November 2019 in Tromsg, Norway.
Scientific Coundi recommends that travel funding be provided for a NAFO -@mnvener to participate in this
meeting.

XMEETING REPORTS
1. Working Group on Ecosystem Science and Assessment (WG-ESA)- SCS Doc. 17/21

The NAFO SC Working Group on Ecosystem Science a@ssessment (WGESA), formerly known as SC
Working Group on Ecosystem Approaches to Fisheries Management (WGEAFM), had its h@eting on 716
November 2017 atNAFO Headquarters, Dartmouth, Canada

The work of WGESA can be described under two complementargntexts:
a. work intended to advance the Roadmap, which typically involves medium to loagrm research, and

b. work intended to address specific requests from Scientific Council (SC) and/or the Commission
(COM), which typically involves short to mediumterms analysis, aligned to Roadmap priorities.

WGESA revised and updated its loagrm ToRs in 2016 to be implemented at its 2017 meeting and
thereafter, accordingly:

Theme 1: Spatial considerations
ToR 1. Update on identification and mapping of sensitive species and habitats in the NAFO area. In
support of the Roadmap develop research and summarize new findings on the spatial structure and

organisation of marine ecosystems with an emphasis on connectivitgxchanges and flows among
ecosystem units in the NAFO Convention Area.

Theme 2: Status, functioning and dynamics of marine ecosystems

ToR 2. Develop research and summarize new findings othe status, functioning, productivity of
ecosystems (including moelling multi-species interactions) in the NAFO Convention Area.

Theme 3: Practical application EAFM

ToR 3. Develop research and summarize new findings on longrm monitoring of status and
functioning of ecosystem units (including ecosystem summary sheetsand the application of
ecosystem knowledge for the assessment of impacts and management of human activities in the
NAFO Convention Area.
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Theme 4: Specific requests

ToRs 4+. As generic ToRs, these are plad®lders intended to be used when addressing exgeted
additional requests from Scientific Council or Fis
ToRs above.

The following ToRs were addressed at the I0meeting of WGESA:
Theme 1: Spatial consideration

ToR 1.1. Update of VulnerabMarine Ecosystem Indicator Taxa in the NAFO Conservation and Enforcement
Measures

ToR 1.2. Discussion on updating Kernel Density Estimation (KDE) analysis and Species Distribution Models
(SDMs) for VME indicator species especially for sea pens

ToR 1.3. @ntinue to work on norsponge and coral VMEs (e.g. bryozoan and sea squirts) to prepare for the next
reassessment of bottom fisheries.

ToR 1.4. Discussion on workplan and timetable for reassessment of VME fishery closures including seamount
closures for P20 assessment.

Theme 2: Status, functioning and dynamics of NAFO marine ecosystems .

ToR 2.0. Update on recent and relevant research related to status, functioning and dynamics of ecosystems in
the NAFO area.

ToR 2.1. NEREIDA: Initial Analysis of Sea PBIE Resilience in the NAFO Regulatory Area.

ToR 2.2. Assessment of NAFO bottom fisheries. [COM Requesagsdssment of bottom fisheries]

ToR 2.3. Progress on expanded single species, multispecies and ecosystem production potential modelling.
ToR 24. Review of oceanographic and ecosystem status conditions in the NRA.

Theme 3: Practical application of EAFM

ToR 3.0. Update on recent and relevant research related to the application of ecosystem knowledge for fisheries
management in the NAF@rea.

ToR 3.1. Development and application of the EAF Roadmap. [COM Request #9]

ToR 3.2. Develop draft summary sheets at ecosystem level [COM Requestat@tinued development of
ecosystem summary sheets (ESS)]

ToR 3.3. Consideration of stock recruitmepatterns through the application of EAFM [Com. Request #9]

ToR 3.4. Developments to assess overlap of NAFO fisheries with VME to evaluate fishery specific impacts in
addition to the cumulative impacts. [Com. Request #l8ssessment of bottom fishes]

ToR 3.5. Update on plan to continue work on the risk assessment of scientific trawl surveys impact on VME in
closed areas, and the effect of excluding surveys from these areas on stock asse4€oentRequest #6]

ToR 3.6. Update development in thee of nordestructive sampling techniques to monitor VMESs and options for
integrating with existing survey trawl data.

ToR 3.7. Develop a workplan to consider clearer objective ranking processes and options for objective weighting
criteria for the overdl assessment of SAI and risk of SAI. [Com. Request &&8essment of bottom fisheries]

Theme 4: Specific Requests
No requests other than those already identified and addressed above.

In addressing ToR 1, the most recent Spanish and Canadian trawl suryeVME indicator species biomass
records were mapped, and added to the existing VME indicator species datet. This data forms the basis for
the re-assessment of the VME and VME fishery closures to be conducted in 2020. The last review of -deep
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water marine invertebrate taxa found in the NAFO Regulatory Area (NRA) evaluated against the FAO criteria
for vulnerable marine ecosystem (VME) indicator designation occurred in 2011. Since the assessment in
2011, additional information has become available on théaxonomy, presence, ecological function, and life
history characteristics of benthic marine fauna found in the NRA, which most likely calls for a-essessment

of the current list of VME Indicator Species in Annex 1.E of the NAFO Conservation and Enforggme
Measures (NCEM).

Under ToR 2, two relevant EU research projects, e.g. ATLAS and SponGES, which involve NAFO scientific
experts, were presented. The emerging view is that deegea sponges play a major role in biogeochemical
cycling and in the marine foa web. SponGES Work Package 4 (WP4) on Ecosystem Function, Services and
Goods, aims to increase our knowledge on 1) the impact of sponge grounds on berybétagic coupling of
major biogeochemical cycles of ocean nutrients silicon, nitrogen, and carbon, @) the marine food web, and

3) on deepsea ecosystem metabolism (i.e., productivity and respiration). In situ and ex situ experimentation
will be conducted on the dominant species of the different sponge grounds, including Geodia and other
astrophorid species that are found in the NAFO Regulatory Area. Such quantitative information would be
useful in models currently being developed by WE&ESA members to evaluate the impact of significant adverse
impacts of fishing to ecosystem function of VME in the NAF@@ulatory Area.The 4 overarching objectives of
ATLAS are to, i. ADVANCE our understanding of deep Atlantic marine ecosystems and populations; ii.
IMPROVE our capacity to monitor, model and predict shifts in deepater ecosystems and populations, iii.
TRANSFORM new data, tools and understanding into effective ocean governance, iv. SCENARET and
develop scienceled, costeffective adaptive management strategies that stimulate Blue Growth. Under this
project Species Distribution Models (SDMs) for the mthoptilum sp. deepwater pennatulacean coral for
Flemish Cap Case Study have been carried out by Centro Oceanografico de Vigo (Flemish Cap Case Study
coordinator) in close collaboration with Centro Oceanografico de Murcia (ISEAS project) and these models
will provide some useful evidence for review as part of the assessment of NAFO VME closures and re
assessment of NAFO bottom fisheries.

Under ToR 2 & 3, WGESA considered information from several research initiatives that involve multispecies

or ecosystemmodelling to evaluate options to move forward in the implementation of the NAFO Roadmap.
One i mportant EU project “Multispecies FisiMAREaads Asses
will have an overall duration of 21 months, starting in July @17, and involves several research agencies
(WMR, IEO, AZTI, CEFAS and MRAG). There are high capacity requirements to move this project forward but
continued funding should allow an important contribution to move implementation of the Roadmap forward.
The purpose is to provide a comprehensive overview (from the economic and ecological perspective) of how
multispecies assessments would fit into the scientific and decisiemaking processes within NAFO and to
develop specific analyses and techniques on a castudy, the Flemish Cap, for potential practical
implementations for the multispecies approach. Two presentations of different statistical approaches
provided important examples of how environment and/or ecological processes and relationships affecting
marine resources can be identified and may serve either for shetérm [1-3 year] and intermediate term [3-5
year] forecasts of population trends as well as identify hypotheses to be further investigated through dynamic
modelling. Discussion about the use ofEcopath with Ecosim in support of Ecosystenbased Fisheries
Management highlighted the need for quantitative, processand speciesbased model, representing trophic
flows in the ecosystem. Currently, a model for the Grand Bank area (3LNO) is under developtas part of

the CoArc (A transatlantic innovation arena for sustainable development in the Arctic) project. In addition, a
minimum realistic multispecies (MRM) model is also being developed for this Ecosystem Production Unit
(EPVU). Such models provide ggortunities to address questions dealing with ecological interactions, evaluate
ecosystem effects of fishing, explore management policy options, and model effects of environmental changes.
These projects have moderatdo-high capacityrequirements but there is capacity within NAFO contributors

to move forward within the pilot areas of the Roadmap. There will be report of the progress of both these
projects at the next meeting of WE&ESA, and the needs to transfer their structure to otheEPUs will be
evaluated. Finally, operational models for the North Sea and Georges Bank were described in detail to
demonstrate their capacity to provide evaluation of complex species and fishery interactions and evaluate
ecosystem effects of fishing, expte management policy options and consequences, model effect of
environmental changes. Such undertakings have very high value but equally significant capacity, resource and
data requirements. WGESA will continue to monitor progress of these initiatives buit is unlikely that
research of this complexity will be undertaken to move implementation of the Roadmap forward. The
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outcomes of all modelling efforts will have to be compared with the outcomes from combined single species
assessments from the case stydEPUSs to provide a basis for evaluation of how the information from the three
tiers can be considered in the provision of advice.

2. ICESNAFO Working Group on Deep-water Ecology (WG-DEC)

On 5th March 2018, the joint ICES/NAFO Working Group on Degmter Emlogy (WGDEC), chaired by Neil
Golding (UK) and attended by sixteen members (eleven in person, three via WebEXx video conferencing and
two via correspondence), met at the Northwest Atlantic Fisheries Organisation (NAFO) HQ in Dartmouth,
Nova Scotia, to coriger the Terms of Reference listed below:

a) Collate new information on the distribution of vulnerable habitats as well as important benthic
species and communities in the North Atlantic and adjacent waters, archivappropriately using the
ICES VME Dataise, and disseminate via the Working Group report and ICES VME Data

Portal. In addition, prepare spatial layers and a list of areas where VMEs are likely to occur in the
Northeast Atlantic, in particular in areas deeper than 800 m.

b) Provide all availeble new information on the distribution of vulnerable habitats (VMES) in the NEAFC
Convention Area. In addition, provide new information on location of habitats sensitive to particular
fishing activities (i.e. vulnerable marine ecosystems, VMES) within Bliaters;

C) Summarize existing knowledge of ecosystem functioning of deegea benthic communities and
habitats and the ecosystem roles of chemical/physical structures such as vents, seeps, seamounts,
canyons, etc.;

d) Review how vulnerable marine ecosystms (VMES) have been defined previously (e.g. from other
RFMOs or States) and through the use of case studies for specific VMEs (e.g. seapen fields and cold
water coral reefs), suggest a procedure and consider approaches relevant to the available data and
species of the NE Atlantic for developing a biological basis for defining how VMEs are identified,
which will allow us in future to have an ecological basis for determining when a VME indicator record
(or group of) transitions into a VME;

e) Propose parameers for use within the VME database that would serve to remove the effect
of the passage of time in the evaluation of confidence in the weighting system, associated
with each data entry. In addition, consider anthropogenic impacts that might be used
reintroduce uncertainty in such records

WGDEC was requested to provide all new information on the distribution of vulnerable marine ecosystems
(VMES) in the North Atlantic. A total of 14 417 new records were submitted through the ICES VME data qall i
2017/2018 (a combination of VME indicator and VME habitat records) and included within the ICES VME
database; 113 for the NEAFC Regulatory Area (RA), 14 298 for the Exclusive Economic Zones (EEZs) of ICES
Member Countries and six for the NAFO RA. A substial contribution of new information on VMEs was
made by Canada with 13 745 VME habitat and indicator records submitted. All records from the VME
database were also presented as outputs from the VME weighting system, showing the likelihood of VMEs
being encountered on the seabed along with an associated confidence assessment.

This year, WGDEC was also requested to provide a list of areas and spatial layers, where VMEs occur, or are
likely to occur, with respect to implementation of the EU deejgsea accessegulation. To identify areas where
VME occur, a data review was undertaken initially from the ICES VME database. However, in some EU waters
the VME database is impoverished with respect to data on VME occurrence, and as such in these areas, data
from the VME database was supplemented with data from peer reviewed literature and the OSPAR 2015
database. To identify areas where VME are likely to occur, WGDEC used the outputs of the VME weighting
algorithm. The group focused on those-squares which have been dent i fi ed as having
with an associated “high’ or ‘medium’ confidence.
reporting areas: 1V, V, VI, VII, VIII, IX and X. Results were presented as maps within the report as agethe
provision of spatial layers to ICES and on the VME data portal.
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To follow on from work undertaken in 2015, WGDEC continued to investigate the latest scientific literature
on the ecosystem functioning of VMESs, and of deegga benthic ecosystems mor&videly. This review is not
exhaustive, but represents an overview of the key insights from new investigations on ecosystem
functionality in the deep sea.

To ensure consistency in how WGDEC interpret new evidence of VME submitted to the VME database, and to
identify iffwhen we can consider groups of VME indicator records as bona fide VME, WGDEC 2018 undertook
a review of how to better define VMEs under NEAFC using existing approaches. The review considered
approaches used by other RFMOs including NAFO andetlsouth Pacific Regional Fisheries Management
Organization (SPRFMO). It also provided recommendations on potential approaches for the VME habitat
types; hydrothermal vents, cold seeps, coral gardens, celdater coral reefs and seamounts. WGDEC
identified aspects of the VME weighting algorithm that could be modified in future in light of new research on
the vulnerability of deep-sea communities.

Finally, WGDEC identified the need to improve links with the General Fisheries Commission for the

Mediterranean (GFCM) Working Group on Vulnerable Marine Ecosystems, which was established in 2017,
potentially through WGDEC participation at the GFCM WGVME and vice versa, and sharing of information and
tools of relevance.

3. Report from ad hoc Joint Commission - Scientific Council Working Group on Catch Estimation
Strategy Advisory Group (CESAG)

CESAG met By WebEx on 21 November 2017, 12 March 2018 and 26 April 2018. The substantial items for all
of these meetings were the NAFO catch estimation methodologies study (see STACREC report section V.8.b)
and the estimation of catches by applicatonaf he agr eed “ CDARBZSC bax.tl®bAppeldX AF O
3) to all NAFO managed stocks. Following consideration of Working papers presented by the Secretariat
showing the catches of all NAFO managed stocks derived by this method, splitting catches (wheosgible)

by division and comparing catch estimates using the CDAG method with those derived from daily catch
reports it was agreed that the catches estimated using the CDAG method should be recommended to be used
in stock assessments this year.

4. Meetings attended by the Secretariat

Deferred until September

XI.REVIEW OF SCIENTIFICOUNCIL WORKING PRCEDURES/PROTOCOL
1. General Plan of Work for September 201 8 Annual Meeting
No new issues were raised that will affect the regular work plan for the September meeting
2. Other matters
a) Timeline for reporting of advice
It was agreed that text finalized during the meeting can be distributed immediately after the meeting.
b) Timeframe for completion of reports
Deferred until September.
c) Attendance of observers in SC meetings
Deferred until September.
d) Meeting participation by WebEx

In some recent meetingsmajor contributions have been made by WebE»xand in some cases th&e covered
technical issues that could have caused significant problenfed the work being presented turned out to be a
key part of the meeting outcome. While&SCwould not wish to lose the opportunity for people who would not
otherwise be able to attend, a decisioneeds to be madeegarding what type of contribution can be made by
WebEXx. It was agreed that ndividuals who wish to participate in meetings by WebExmust inform the

meeting chairs well in advance of the meetinglates. Sientific Council executive will have discretion to decide
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whether participation by WebEx will be appropiate. Any complex issues should be addressed in person if it
is at all possible for example, except under exceptional circumstances, no assessment based on an analytical
model would be accepted by WebEx. If people present by WebEx, they should be madara in advance that
there is the possibility that their work may not be accepted.

XII.OTHER MATTERS
1. Designated Experts
The list of Designated Expertgan be found below:

From the Science Branch, Northwest Atlantic Fisheries Centre, Department of Fisheries and Oceans,
St. John's, ewfoundland & Labrador , Canada

Cod in Div. 3NO Rick Rideout rick.rideout@dfo-mpo.gc.ca
Redfish Div. 30 Danny Ings danny.ings@dfempo.gc.ca
American Plaice in Div. 3LNO Laura Wheeland laura.wheeland@dfo-mpo.gc.ca
Witch flounder in Div. 3NO Eugene Lee eugene.le@dfompo.gc.ca
Witch flounder in Div. 2J+3KL Laura Wheeland laura.wheeland@dfo-mpo.gc.ca
Yellowtail flounder in Div. 3LNO Dawn Maddock Parsons dawn.parsons@dfempo.gc.ca
Greenland halibut in SA 2+3KLMNC Joanne Morgan joanne.morgan@dfempo.gc.ca
Northern shrimp in Div. 3LNO Katherine Skanes katherine.skanes@dfempo.gc.ca
Thorny skate in Div. 3LNO Mark Simpson mark.r.simpson@dfempo.gc.ca

White hake in Div. 3NO Mark Simpson mark.r.simpson@dfempo.gc.ca

From the Department of Fisheries and Oceans, Winnipeg, Manitoba, Canada
Greenland halibut in SA 0+1 Margaret Treble margart.treble@dfo-mpo.gc.ca

From the Instituto Espafiol de Oceanografia, Vigo (Pontevedra), Spain

Roughhead grenadier in SA 2+3 Fernando GonzalezCostas fernando.gonzalez@ieo.es
Roundnose grenadier in SA 2+3 Fernando GonzalezCostas fernando.gonzalez@ieo.es
Cod in Div. 3M Diana GonzaleZlroncoso diana.gonzalez@ieo.es
Shrimp in Div. 3M Jose Miguel Casas Sanchez mikel.casas@ieo.es

From the Instituto Nacional de Recursos Bioldgicos (INRB/IPMA), Lisbon, Portugal

American plaice in Div. 3M Ricardo Alpoim ralpoim@ipma.pt
Golden redfish in Div. 3M Ricardo Alpoim ralpoim@ipma.pt
Redfish in Div. 3M Antonio Avila de Melo amelo@ipma.pt
Redfish in Div. 3LN Antonio Avila de Melo amelo@ipma.pt

From the Greenland Institute of Natural Resources, Nuuk, Greenland

Redfish in SA1 Rasmus Nygaard rany@natur.gl
Other Finfish in SA1 Rasmus Nygaard rany@natur.gl
Greenlandhalibut in Div. 1A Rasmus Nygaard rany@natur.gl
Northern shrimp in SA 0+1 AnnDorte Burmeister anndorte@natur.gl
Northern shrimp in Denmark Strait ~ Nanette Hammeken nanette@natur.gl

From Knipovich Polar Research Institute of Marine Fisheries and Oceanog raphy (PINRO), Russia
Federation

Capelin in Div. 3NO Ivan Tretiakov tis@pinro.ru

From National Marine Fisheries Service, NEFSC, Woods Hole, Massachusetts, United States of America

Northern Shortfin Squid in SA 3 & 4 Lisa Hendrickson lisa.hendrickson@noaa.gov
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2. Stock Assessment Spreadsheets

It is requested that the stock assessment spreadsheets and input data be submitted to the Secretariat as soon
after this June meeting as possible. The importance of this was reiterated Yy ACREC

3. Presentation of NAFO Scientific Merit Award

No award was presented in 2018.

4. Budget Items

Review of the budget working paper was deferred to the September meeting.
5. Canadian Assessment of northern cod

The most recent assessment of Northern Co@018) from Fisheries and Oceans Canada wasesented to
Scientific Council for information. A statespace population dynamics model (Northern Cod Assessment
Model, NCAM) was used to assefise stockand this model integrates much of the existing informatin about
the productivity of the stock (DFO, 2018, such asinformation from DFO research vessel (RV) autumn trawl
surveys, Sentinel surveys, inshore acoustic surveys, fishery catch age compositions, and partial fishery
landings, and tagging. The 2018 asssment indicated that spawning stock tbmass (SSB) has increaseftiom
26 Kt in 2005 to 315Kt (95% ClI, 224445 Kt) in 2018, down from 441 Kt in 2017. Spawning stock biomass
has been well into the critical zone of theCanadianPrecautionary Approach Framewok since the stock
collapse, and although it increased in 2017 to 52% of Blim, it has declined to 37% of Blim in 2018 (9%
27-51%). Recruitment (age2) in the 1990s and 2000s has been poor compared to the 1980s, but improved
slightly in the last decadeand the average number of ag2s from the 2011-13 year classes corresponds to
about 25% ofthose observed in year classes of the 198§.

Both fishing mortality and natural mortality increased from 2015 to 2017 but fishing mortality on ages 5+ is
low, at 0.02.Much of thedecline in SSB fron2016 to 2017 wasdriven by the estimate of natural mortality
(M) increasing from 0.34 in 2015 to 0.74in 2017. Low availability of capelin, declining mean weights at age
and poor condition of codalso point to evidence of low productivity of the stock and ecosystem in general.

Total reported landings in 2017 were 12,707 (compared with 4,435 t in 2015 from the stewardship fishery,
173 t from the inshore Sentinel survey, and 143 t of bycatch of cod in other fisheriémcluding outside 200
miles). There are no requirements to report recreational fishery landingsHowever, tagging data wasised to
provide an estimate of the magnitude of the recreational fishery. Recreational catch based on tagging returns
was estimatedto be about 29 of the stewardship fishery landings during2016-17.

SC endorsed the conclusions of the assessment results but given theotgse status expressed concern about
large increases in catch from 2015 to 201%hile the fishery is under moratorium. In addition, SC expressed
further concern about the magnitude of natural mortality compared to fishing mortality as estimated by the
NCAVM model and were encouraged that the assessment research recommendations include ongoing
investigation on this subject.

X1ll.ADOPTION OF COMMITTE REPORTS

The Council, during the course of this meeting, reviewed the Standing Committee recommendations. Having
considered each recommendation and also the text of the reports, the Councitiopted the reports of
STACFEN, STACREC, STACPUB and STACFIS. It was noted that some text insertions and modifications as
discussed at this Council plenary will be incorporated lar by the Council Chair and the Secretariat.

XIV.SCIENTIFIC COUNCILECOMMENDATIONS TOHE COMMISSION

The Council Chair undertook to address the recommendations from this meeting and to submit relevant ones
to the Commission.

XVADOPTION OF SCIENTIE COUNCIL REBRT

At its concluding session onl4 June 20B, the Council considered the draft report of this meeting, and
adopted the report with the understanding that the Chair and the Secretariat will incorporate later the text
insertions related to plenary sessions and other modifications as discussed at plenary.
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XVI.ADJOURNMENT

The Chair thanked the participants for their hard work and cooperation, noting particularly the efforts of the

Designated Experts and the Standing Committee Chairs. The Chair thanked 8eeretariat for their valuable

support and St Mary’'s University for the excellent fac
adjourned at1400 hours on 14 June 20B.
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APPENDIX . REPORTOF THESTANDING COMMITTEE ONFISHERIESENVIRONMENT STACFEN)
Chair: Eugene Colbourne Rapporteur: David Bélanger

The Committee met at the Sobey School of Business (Unilever Lounge), Saint Mary's University, 903 Robie St.,
Halifax, NS, Canadan June ¥, 2018, to consider environmentrelated topics and report on various matters
referred to it by the Scientific Coun#. Representatives attended fromCanada, Denmark (in respect of
Greenland), European Union (Germany (via WebEXx), Portugal, and SpaiByropean CommissionRussian
Federation,and USA

1. Opening
The Chair opened the meeting by welcoming participants to thi3une2018 Meeting of STACFEN.

The Committee adopted the agenda and discussed the work plan and noted the following documents would
be reviewed: SCR Doc. 18/05, 18/0618/07, 18/09, 18/10, 18/14, 18/34, 18/49

2. Appointment of Rapporteur

David Bélanger(Canach) was appointed rapporteur.

3. Adoption of the Agenda

The provisional agenda was adopted with no further modifications.
4. Review of Recommendations in 2017

1 STACFENecommends consideration of support for one invited speaker to address emerging issues
and concerns for the NAFO Convention Area during2648 STACFEN Meeting

STATUS Due to the delay confirming STACFEN chair for the June 2018 meeting no attempts were made to
attract an invited speaker for this meeting.Contributions from past speakers have generated new insights
and discussion within the committee regarding integration of environmental information into the stock
assessment process. Further discussions ar@ngoing between STACFEN and STACFIS Chairs on
environmental data integration into the various stock assessments.

1 STACFENecommends support for, and requests an executive summary from, an upcoming
meeting on calanoid copeopod dynamics planned for 220 July, 2017

A workshop was convened to gather zooplankton ecologists and modellers, along with physical
oceanographers and biogeochemical modellers, from governmental (DFO, NOAA/NMFS) and academic
institutions from the NE US, Nova Scotia, New Brunswick, Quebec arelfbundland.

The main theme of the workshop was to consider thexfge scale ecosystem and plankton community change
since 2010 The principle conclusions were: (1)Models that describe the spatial distribution ofCalanus
finmarchicus are mature enough toforecast shifts in distribution in relation to remotely sensed data
(temperature, chlorophyll a) and climate project models(2) Bioenergetic models of growth, development and
energy storage ofC finmarchicus (and Calanus hyperboreysare being coupled with regional circulation
models (3) Major variations in life history traits (growth, mortality, energy reserves, phenology) have éen
detected in the Gulf of St. Lawrence and on the Newfoundland and Scotian Shelaaed (4) There is a
pronounced need for a regional biogeochemical model (nutrients, phytoplankton, microzooplankton,
microbial loop) for the western Atlantic to couple with mesozooplankton models

5. Oceanography and Science Data (OSD)Report for 2017 SCR 18/034.

The Marine Environmental Data Section (MEDS) of the Oceans Science branch of DFO acts as Regional
Environmental Data Center for NAFO. This role began in 1965 whéme Canadian Oceanographic Data Centre
started providing data management functions to ICNAF, and was subsequently formalized in 1975 by which
time the CODC had become the Marine Environmental Data Service (MEDS). MEDS underwent several name
changes from 2@5 to 2016, it was known in the interim under acronyms such as ISDM and OSD.

Northwest Atlantic Fisheries Organization www.nafo.int



98 STACFENJ1 —14 June 20B

In order for MEDS to carry out its responsibility of reporting to the Scientific Councilall NAFO member
countries are requested to provide MEDS with all marine environmental dat collected in the NAFO
convention area for the preceding years.

Provision of a meaningful report to the Couail for its meeting in June 2018equired the submission to MEDS

of a completed oceanographic inventoryorm for data collected in 2017 and oceangraphic data pertinent to

the NAFO Convention Area, for all stations oapied in the year prior to 2017.Data that have been formatted
and archived at MEDS are available to all members on request, or are available from DFO institutes. Requests
can be madeby telephone (613) 9906065, by email to info@dfo-mpo.gc.ca, by completing an cline order

form on the MEDS web site abttp://www.meds -sdmm.dfo-mpo.gc.ca/isdmgds/request -commande/form-
eng.aspor by writing to Oceans Science branch, Fisheries and Oceans Canad&,Rlgor, 200Kent St., Ottawa,
Ont. Canad& 1A OE®6.

The 2017 report and the tables below summaries the various types and quantity of oceanographic data
collected in the NAFO Convention Area and acquired by MEDS from January 2017 to May of 2018.

Data observed in NAFO Convention Area in 2017 and acquired from January 2017 to May 2018.

Data Type Platform Type Counts/Duration

Autonomous Drifting 11291* profiles from 170 platforms

Oceanographic

. Moorings 15* profiles from 3 platforms**
profiles
Shi 5411 profiles (2050 CTD; 1608 CTD*; 1059 bottle and 69
P XBT* profiles) from at least 30 ships
Ship . .
(thermosalinograph) 15168* obs. from 2 ships
Drifting buoys 456042* obs. from 200 buoys
Surface/near- . Moored buoys 117456* obs. from 17 buoys**
surface observations
Fixed platforms 101188* obs. from 3 platforms
Water level gauges 25 sites,avg. ~1 year each
Subsurface Moored CTD, waves 6 time series, seasonal (~5 months avg each)
observations ADCP ' 9

*Data formatted for reaktime transmission
**A|l Canadian wave buoys described in this report measure waves

Data observed prior to 2017 in NAFO Convention Area and acquired between January 2017 and May
2018.

Data Type Platform Type Counts/Duration
Oceanographic Ship 6870 profiles (2954 CTD + 3435 bottle** profiles) format
profiles least 17 ships
Subsurface Moored CTDwaves, 4 time series (3X 1 year and 1X 5 years)
observations ADCP

*Data formatted for reattime transmission.

*The amount of bottle data profiles measured prior to 2016 and loaded in BioChem in 2016 could not be
fully assessed.

6. Highlights of Climate and Environmental Conditions by NAFO Sub -Area for 2017
a) Meteorological and Ice Conditions (Sub-Areas 1-6)

1 The North Atlantic Oscillation index (NAO), a key indicator of climate conditions over the North
Atlantic and much of the NAFO convention greamained in a weak positive phase in 20A%.a
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consequence,arctic air outflow in the northwest Atlantic during the winter months moderated in 2017,
compared to that in 2015 when the NAO was at a record high.

1 The annual mean air temperature at Nuuk in W&stenland was 0.6°C above the long term mean
(1981:2010) in 2017.

1 Surface air temperatures over much of the Labrador Sea were above normal, particularly during the
winter (1.6 SD) and through the fall period.

1 Annual air temperatures over Labrador (at Garight) were slightly above normal (0.3°C, 0.2 SD)
and over Newfoundland (at St. Johndéds) they were n

f  Overall, 2017 ranked as the"9varmest year (air temperature) in the 117 year time series for the
Scotian Shelf and Gulf of &he. Air temperature anomalies were positive at all 6 sites examined
ranging from 0.5°C (0.8 SD) above normal at Boston to 1.0°C (1.3 SD) above normal at Shearwater.

1 Air temperatures were also warmer than average over the north eastern United States) (NEUS
continental shelf, with enhanced positive anomalies in winter and fall period, similar to conditions in
2016.

1 Seaice extent on the NL shelf increased substantially during the winter of 2014, with the first positive
(higher than normal extent) anomalysasved in 16 years, it was about normal in 2015 but returned to
slightly below normal conditions in 2018)(3 SD)and 2017-Q.4 SD).

1 There were 1008 icebergs detected south of 48°N on the Northern Grand Bank in 2017, slightly above
the long term mean o067 by 0.4 SD.

1 Ice coverage and volume on the Scotian Shelf in 2015 were above the average, unlike the preceding
four years (201€013) which had extremely low coverage and volume. In 2016 and again in 2017, sea
ice was almost entirely absent from the Soothelf.

b) OceanClimate Indices (Sub-Area 1)

1 Average water temperatures at Fyllas Bank Station-20Q0n depth) off West Greenland in June/July
experienced a significant increase with temperatures 1.9°C/0.9°C (2.4/1.1 SD) higher than normal in
2016 and 201, respectively.

1 Average salinity at Fyllas Bank Station 240 m depth) off West Greenland however was near normal
in 2017 at 0.07 (0.33 SD).

1 Temperatures of the North Atlantic Deep Water (NADW) to the west of Greenland are monitored at
2000 m depth at &pe Desolation Station 3 were 0.1°C above the {@mm mean in 2016. No data
were available for the fall of 2017.

1 In 2017, temperature and salinity values of thminger Sea Watemn the 75200 m layer at Cape
Desolation Station 3 were 5.3°C and 34.9Gickh were 0.6°C and 0.02 above the lgdegn mean,
respectively.

1 In 2017, temperature and salinity values of the fresh Polar Water component of the West Greenland
current between 80 m depth on Fyllas Bank Station 4 were 0.8°C and 0.22 above normal,
respetively.

¢) Ocean Climate Indices (Sub-Area 2 Labrador Sea)

1 SeaSurface Temperatures over much of the Labrador Sea were mostly above normal, particularly
during the winter when they were 1.4 SD above normal.

1 The 2017, winter convection in the Labrador Seaeesled 2000 m making it th&® Bonsecutive year
of increasing convection or increased production of Labrador Sea water.

d) Ocean Climate Indices (Sub-Area 2 and 3 NL Shelf)

1 Annual sea surface temperatures (SST) were mostly below onaeaal from Hudson St (-1.5
SD lowest observed), eastern Newfoundland Shelf, Flemish Cap and Grand Banks. St. Pierre and
Green Banks (+0.3 SD) and Flemish Pass (+1.1 SD) were exceptions.

1 The annual surface temperature anomaly at Station 27 was +0.4°C or 0.6 SD above sionite to
2016.

1 The annual bottom (176 m) temperature anomaly at Station 2702%C or 0.6 SD below normal,
similar to 2016.

1 The annual surface salinity anomaly at Station 27 vla4 or-1.6 SD below normal.

Northwest Atlantic Fisheries Organization www.nafo.int



=a =4

=a =4 =4

100 STACFENJ1 —14 June 20B

The annual bottom (176 m) salinity anomatyStation 27 was0.12 or-1.6 SD below normal.

The annual water column average-{06 m) temperature and salinity anomaly at Station 27 was
+0.03°C and-0.16 or-0.1 andi 1.6 SD different from normal, respectively.

The summer area of CIL (<0°C) water dhe Grand Banks, eastern Newfoundland, northeast
Newfoundland Shelf and southern Labrador was 22.7, 26.2, 66.9 and 3302 6, +0.1, +0.8 and
+0.8 SD different from normal, respectively.

The averaged spring bottom temperature in NAFO Div. 3Pakasit 2.7C, or 0.2C (0.4 SD) above
normal, a significant decrease from 2 SD above normal in 2016.

The spatially averaged spring and fall bottom temperature in NAFO Divs. 3LNO was@2SD)
and 1.3°C {1.2 SD), respectively.

The spatially averaged ifebottom temperature in 2J was about normal at 2.6°C (+0.1 SD).

In 3K, the spatially averaged fall bottom temperature was 2.3°C or 0.03 SD below normal.

A composite climate index for the NL region derived from 28 meteorological, ice and ocean
temperatureand salinity time series returned to slightly below normal(tthvest). In 2015 it was the
7" lowest in 67 years and the lowest since 1993.

e) Ocean Climate Indices (Division 3M, Flemish Cap)

f)

=a =4

a)

f
f

Annual sea surface temperatures (SST) around the Flemish Gapsed over the previous two years

but remained at0.5°C below normal in 2017.

Average bottom temperatures based on the EU summer survey around the Flemish Cap were about
normal ¢0.1 SD) in 2017.

The spatial extent of the CIL (<3°C) covered over 80%hefRlemish Cap area during the summer

2017 EU survey with average thickness of about 66 m or about 15 m thicker than normal.

During the summer of 2017, both the CIL minimum and average observed core temperature over the
Flemish Cap was slightly above norina significant increase over the record cold values observed in
2015.

Ocean Climate Indices (Sub-Area 4, Scotian Shelf)

il

Annual SST anomalies on the Scotian Shelf during 2017 ranged from +0.7°C (+1.2 SD) in Cabot
Strait to +1.9°C (+3 SD) in the Westernd@i@an Shelf area. All 8 sulireas examined had SST above
average with 4 of 8 areas 02 SD

In 2017 the July bottom temperature anomalies on the Scotian Shelf in NAFO Divisions 4Vn, 4Vs, 4W
and 4X were 0.7°C (1.6 SD), 1.3°C (1.9 SD), 0.8°C (1.1 SD) and 1&52CSD) above normal,
respectively.

In 2017, the annual temperature anomalies depicting different water masses were +1.1°C (+3.3 SD)
for Cabot Strait 20B00 m (the P highest), +0.4°C (+0.7 SD) for Misaine Bank at 100 m, +1.5°C
(+1.8 SD) for Emerald Bas at 250 m (2 highest) and +1.6°C (+3 SD) for Georges Basin at 200 m

(a record high).

The CIL (T<4C) volume on the Scotian Shelf in 2017 was below normal by 0.8 SD Sttew@kt in 44 years.

The climate index, a composite of 20 selected, normatieegberature time series on the Scotian Shelf,
averaged +1.7 SD, making 2017 th® ®armest year in the last 48 years. The warmest occurred in 2012 at
+2.7 SD and the ® warmest was in 2016 at +2.1 SD.

Ocean Climate Indices (Sub-Area 5 and 6, Northeast USA Shelf)

f
f

On the Northeast U.S. shelf, 2017 was characterized by warmer than average conditions across the
region.

Fall water temperatures were notably warm across the NEUS Shelf, consistent with anomalously warm
air temperatures.

Near bottom waters in theastern Gulf of Maine were more than 1 SD warmer and saltier than
average throughout the year.

Deep waters entering the Gulf of Maine were predominantly warm and salty, except in June when
relatively cool, very fresh waters were observed in the Northdamtriz!|.

Warm winter air temperatures and the late onset of storms suppressed winter mixing in the western
Gulf of Maine, leading to warmer Gulf of Maine intermediate water mass.
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1 Slope waters entering the Gulf of Maine through the Northeast Channel waralmusly warm and
salty, consistent with the properties of Warm Slope Water derived from subtropical origins.

h) Biological and Chemical Indices (Sub -Area 2-5, NL Shelf, Gulf of St. Lawrence, Scotian Shelf and
Gulf of Maine)

1 Nitrate inventories in thaipper (350m) watercolumn were near normal in 2017 compared to the
19992015 climatology throughout the NW Atlantic with the exception of larger positive and negative
anomalies on the SE Grand Bank (3LNO) and in the Bay of Fundy (4X), respectively.

1 Deeper(50-150 m) nitrate inventories were near normal throughout the surveyed area in 2017 except
in the Cabot Strait and on the Scotian Shelf (3P4VWX) where deep nitrate concentrations continued
well below normal for a second consecutive year.

1 Chlorophyll a sanding stock was below normal on the Grand Bank (3LNMO) and the eastern Scotian
Shelf (4VW), above normal in the southern GSL (4T), and near normal in other NAFO divisions.

1 Chlorophyll a biomassvas positively correlated with shallow nitrate concentrations at a zonal scale
(NAFO Subareas 2, 3, 4), and positively correlated witrear lag deep nitrate concentrations at the
regional scale on the NL Shelf (2J3KLMNO) suggesting regulation of paptdph production
through nitrate availability across the NW Atlantic.

1 Spring bloom phytoplankton magnitude (total production) and amplitude on the eastern Canadian
Shelf (NAFO Subarea-2) in 2017 continued below the lotgrm climatology for a third corsutive
year.

1 Spring bloom peak timing was delayed compared to thetkenmg climatology in the Labrador Sea as
well as on the Grand Bank and the Scotian Shelf, but earlier than normal on the West Greenland and
Labrador (1F2HJ) shelves, as well as in the@thern GSL (4RS) and the Cabot Strait.

1 Zooplankton abundance in Subarea Zboth copepods and napepods) showed a general decline
in 2017, especially in the GSL, compared to the redogth values for the time series observed in
2016.

1 Zooplankton mass in 2017 remained well below normal across the surveyed area for a third
consecutive year since the time series redovdobserved in 2015.

I The general trends in Pseudocalanus spp. abundance reflected the pattern of change in total copepod
abundancewhereas abundance of the larger copepod Calanus finmarchicus generally tracked the
pattern of change in zooplankton biomass.

1 The importance of regional scale linkages between climatic conditions, nutrient concentrations and
ocean primary and secondary phaction was highlighted by different correlation patterns observed at
the zonal (Subarea 2, 3, 4)) and regional (2J3LMNO) scale.

7. Results of Ocean Climate and Physical, Biological and Chemical Oceanographic Studies in the
NAFO Convention Area in 2017

The Nath Atlantic Oscillation (NAO) index, as defined by Rogers (1984), is the difference in winter
(December, January and February) sea level atmospheric pressures (SLP) between the Azores and Iceland
and is often a measure of the strength of the winter westgr and north westerly winds over the Northwest
Atlantic. A high (positive phase) NAO index occurs from an intensification of the Icelandic Low and Azores
High. This favours strong northwest winds, cold air and sea temperatures and heavy ice conditions twe tNL
Shelf regions. Analysis have shown that variability in the NAO can account for a significant portion of the
variability in key ocean climate indices, including Labrador Sea convection and the cedlitermediate-layer
(CIL) water mass overlying much ofthe Newfoundland and Labrador continental Shelf. In 2017, the NAO
index declined from the record high of 2015 but remained in a positive phase for theh4Zonsecutive year at
0.3 SD above the long term mean. A modulating factor observed in 2017 was thatsg patterns of the SLP
fields, with the Icelandic Low shifted westward towards Greenland and the Labrador Sea and the centre of the
Azores High displaced eastward towards Europe. As a consequence, arctic air outflow to the Northwest
Atlantic during the winter months of 2017 decreased over the previous year, resulting in higher winter air
temperatures over much of the NAFO convention area including the Labrador Sea and Newfoundland and
Labrador and adjacent shelf regions.

Subareas 0 and 1. Reviews of meterological, sea ice and hydrographic and atmospheric conditions in West
Greenland in 2017 were presented irSCR Doc. 18/05 and 18/06.
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Hydrographic conditions were monitored at 10 hydrographic standard sections in June/July 2017 across the
continental shelf off West Greenland. The West Greenland Current carries water northward along the West
Greenland continental slope and consists of three components: a cold, fresh and near inshore surface
component referred to as Coastal Water (CW), a saltier, warmer aneeper offshore component referred to

as Subpolar Mode Water (SPMW). The West Greenland Current is part of the cyclonic Subpolar Gyre and thus
subject to hydrographic variations at different timescales associated with variability of the gyre, local and
regional atmospheric conditions.

West Greenland usually experiences colder than normal conditions when the NAO index is positive; however
in 2017, the annual mean air temperature at Nuuk was 0.6°C above the leteym mean. Average water
properties between 0 and 50 m depth at Fyllas Bank Station 4 in June/July are used to monitor the variability
of the Coastal Water (CW) component of the West Greenland Current. After a neacord high temperature

in 2016, the temperature in 2017 experienced a decrease to lewelcharacteristic for the decade; with
temperatures 0.8°C higher than the longerm mean. Conversely, the salinity of the CW resumed its positive
trend, which started around 1970. In 2017 salinity was 0.22 above its lonterm mean. Average water
properties between 0 and 40 m depth at Fyllas Bank Station 2 in June/July have previously been used to
monitor the variability of the sea surface waters off West Greenland. After a negative temperature trend from
2005 to 2015, the temperature in 2017 was higher thamormal, a trend that started in 2016 attaining levels
similar to those observed in the mid2000s; with temperatures 0.9°C higher than normal. The salinity of the
sea surface layer continued its slightly negative trend, which started around 1970. In 201 A&lmity was 0.07
above its longterm mean. Temperature and salinity of the SPMW component of the West Greenland Current
started to increase towards the end of the 1990s, coinciding with changes in the Subpolar Gyre where warm
and saline water from the Sulttopical Gyre entered the Subpolar Gyre. In July 2017, water temperature in the
75-200 m layer at Cape Desolation Station 3 was 5.3°C and salinity was 34.90, i.e. 0.6°C and 0.02 above the
long-term mean, respectively.

SPMW sometimes referred to as Atlanti@vater or Irminger Sea Water with salinity greater than 34.95, were
only observed at stations on the Cape Farewell section off the west coast off Greenland in July 2017. Waters
with salinities in the range 34.88 to 34.95 could be followed from the Cape Fawell section in the south
(59°N) to the Sisimiut section in the north at 66°N. North of the Sisimiut section, the SPMW core becomes
gradually colder and fresher with distance. Core properties of the SPMW at Upernavik section (~73°N)
measured at Upernavik 300 m depth to 2.4°C and 34.47 temperature and salinity respectively. The highest
temperature observed off the west coast off Greenland during June/July 2017 was at the Cape Farwell section
at the surface in the SPMW mass core. This water mass is assodatéth the subduction processes which
occur in the area around Cape Farewell when SPMW leaves the Irminger Sea and enters the Labrador Sea.
The lowest temperature observed off the west coast off Greenland during June/July 2017 was north of the
Sisimiut sedion and was associated with Baffin Bay Polar Water.

Oceanographic observations from the fall survey of West Greenland Waters including the Fyllas Bank and
Cape Desolation sections were unavailable to severe weather conditions in 2017.

Subareas 1 and 2. A review of physical, chemical and biological oceanographic conditions over the Labrador
Sea in 2017 was presented.

The Atlantic Zone OfShelf Monitoring Program (AZOMP) provides observations on ocean climate and
plankton variability affecting regional climate and ecosystems in the NAFO Convention area including the
Labrador Sea in SufAreas 1 and 2. Due to the lack of a research vessel the regular spring (May) survey of the
Labrador Sea area was cancelled resulting in limited physical, chemi@aid biological data, relying essentially
on satellite remote sensing, ARGO float temperature and salinity profiles and-amalysis of data products.

In the Labrador Sea, surface heat losses in winter result in the formation of dense waters, which driveeth
global ocean overturning circulation and ventilation of the deep layers. In the winter of 20147, as in the
previous winter, the mid to high latitudes of the North Atlantic experienced more moderate surface heat loss
in the region than in the winter of 2014-2015 which was characterized by the highest heat losses in more
than two decades. Despite the weaker heat loss from the ocean to the atmosphere in the following two years,
the water column preconditioning caused by convective mixing in the previous yes led nevertheless to the
most significant formation, in terms of volume and depth, of Labrador Sea Water (LSW) since 1994. Similar to
2016, the temperature and salinity profiles obtained by the Argo floats show that the winter mixed layer and
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hence conection in the central Labrador Sea reached below 2000 m in 2017, exceeding the mixed layer
depths of 1600 and 1700 m in 2014 and 2015, respectively. The 2017 vintage of LSW is associated with low
temperature (< 3.3°C) and salinity (< 34.86) between 1000 ah1700 m. The winter convection in 2016 and
the one that followed it last year (2017) are arguably the deepest since the record of 2400 m in 1994, and the
resulting LSW year class is one of the largest ever observed outside of the early 1990s. This algmsests that
the strong winter convection in 2017 further added to increased gas (dissolved oxygen, anthropogenic gases,
and carbon dioxide) uptakes and consequently respective gas concentrations in the Labrador Sea in the lower
part of the 0-2000 m layer,but this could not be confirmed from direct shipbased measurements.

In order to be able to measure the ocean colour using satellite imagery, you need a cloud free sky, however
the Labrador Sea region tends to be generally cloudy, particularly in the spdn In fact, over a period of 5
weeks running form end of April to early June, the percent coverage of good data in the central basin of the
Labrador Sea region never reach over 20% for any of the seven days composite and most of the pixels with
valid datawere provided by the northeast corner of the sukarea examined. Missing an important portion of
the bloom initiation phase makes it impossible to estimate its magnitude. Onset was typically early in both
other regions (Labrador Shelf and West Greenland Skiebut while the duration did compensate on the
Greenland Shelf to bring the magnitude relatively high, the situation was reversed on the Labrador Shelf with
a relatively lower than average phytoplankton bloom. Therefore due to poor data quality the remely sensed
ocean colour failed to provide reliable and meaningful estimation of the chlorophyll bloom parameters for the
Central Labrador Sea region during the spring of 2017. As a result of the cancellation of the spring research
survey, we were not ableto update the rate of decline in pH, previously reported as a mean rate @f.002 per
year from 1994 to 2016, nor was it possible to assess the state @falanus finmarchicusthe dominant
mesozooplankton in the western and central region of the Labrador Sefollowing the record lows reported

in 2016.

Subareas 2, 3 and 4. A description of the physical oceanographic environment on the Newfoundland and
Labrador Shelf and Scotian Shelf was presented #CR Doc. 18/09 and 18/49.

The atmospheric pressure fieldsassociated with a weak NAO resulted in reduced arctic air outflow in the
northwest Atlantic during the winter months of 2017 and as a consequence winter air temperatures were
near-normal, however they were below normal during the spring months. Sea ice erit across the
Newfoundland and Labrador Shelf between 45%5°N, although above normal during late spring, was below
the long-term mean in 2017. In the inshore regions along the east and northeast coast of Newfoundland sea
ice duration was up to 1560 dayslonger than normal. Sea ice in these regions disappeared by midne
which ranged from 1545 days later than normal depending on the area. Annual searface temperature
(SST based on infrared satellite imagery) trends on the Newfoundland and Labrador Shebhile showing an
increase of about 1°C since the early 1980s, were mostly below normal during 2017, driven largely by very
cold spring conditions. In 2017, the annual bottom (176 m) temperature/salinity at the inshore monitoring
site (Station 27) was béow normal by -0.6/-1.5 standard deviations (SD), respectively. Observations from the
summer AZMP oceanographic survey indicated that the area of celitermediate-layer (CIL <0°C) water
overlying the northeast Newfoundland and southern Labrador shelf in@ased over 2016 to about 1 standard
deviation above normal, implying more extensive cold winter chilled water throughout the region. Labrador
Current transport through the Flemish Section remained high during the spring (13.5 Sv) but decreased to
lower than normal during the summer (4.6 Sv). Summer transport through the Seal Island section was higher
than normal in 2017 at 12 Sv. The spatially averaged bottom temperature during the spring in 3Ps remained
slightly above normal, a significant decrease over th 33-year record high in 2016. In Divs. 3LNO spring
bottom temperatures were about normal. The spatially averaged bottom temperature during the fall in 2J and
3K show an increasing trend since the early 1990s of about 1°C, reaching a peak of >2 SD abowmaidn
2011. Oceanographic data from the fall 2017 muk$pecies surveys in NAFO Divisions 3LNO indicate bottom
temperatures were about 1.2 standard deviations (SD) below normal. In Divisions 2J and 3K fall bottom
temperatures continued to decrease from he record high in 2011 to about normal conditions in 2017. A
standardized composite climate index for the Northwest Atlantic derived from 28 time series of
meteorological, ice, water mass areas and ocean temperature and salinity conditions since 1950 reatka
record low (cold) value in 1991. Since then it shows a warming trend that reached a peak in 2010 and
thereafter decreased to mostly below normal conditions (cold/fresh) during the past 4 years. The 2015 value
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was the 7 lowest in 68 years of observaibns and the lowest value since 1993, while the 2017 value was the
15% lowest.

On the Scotian Shelf, Bay of Fundy and the Gulf of Maine regions air temperature anomalies were positive for
all 6 sites examined,Sydney +0.7°C (+0.8 SD), Sable Island +0.§%@.2 SD), Shearwater +1.0°C (+1.3SD),
Yarmouth +0.9°C (+1.4 SD), Saint John +0.6°C (+0.8 SD) and Boston +0.5°C (+0.8v@all these values
were the 9th warmest in 117 years with the warmest occurring in 2012. The 2017 January to April average ice
volume on the Scotian Shelf was thet@lowest on record with nearly no ice presentsimilar to conditions in
2010-2013 period that had extremely low coverage and volumdn 2016 it was the 39 lowest, unlike 2015
which was above normal Annual SST anomalieon the Scotian Shelf were positive for all 8 subreas
examined during 2017 rangingfrom+0.7°C (+1.2 SD) in Cabot Strait to +1°€@ (+3 SD) in the Western Scotian
Shelf area. All 8 sulareashad anomalies21 SDwi t h 4 of 8 abave scansal.lIn=2P17,0he 8nbual
temperature anomalies depicting different water masse®n the Scotian Shelfvere +1.1°C (+3.3 SD) for Cabot
Strait 200-300 m (the 2nd highest), +0.4°C (+0.7 SD) for Misaine Bank at 100 m, +1.5°C (+1.8 SD) for Emerald
Basn at 250 m (2nd highest) and +1.6°C (+3 SD) for Georges Basin at 200 m (a record highk spatially
averaged bottom temperatures based on the July mulspecies surveyfor 4Vn, 4Vs, 4W and 4X were 0.7°C
(1.6 SD), 1.3°C (1.9 SD), 0.8°C (1.1 SD) and 1(@2 SD) above normalrespectively. In 2017 4Vn was the 4
warmest year, 4Vs was 8 warmest and 4X was the # warmest year. A composite indexconsisting of 20
ocean temperature time series from surface to bottom across the regioimdicate that 2017 was the 3d
warmest of 48 years of observationswith an averaged normalized anomaly of +1.7 SD relative to the 1981
2010 period. The warmest occurred in 2012 at +2.7 SD and the 2nd warmest was in 2016 at +2.1. $b
general, the physical oceanographic condibns on the Scotian Shelf and in the eastern Gulf of Maine and
adjacent offshore areas indicate thaR017 was an extremely warm year with a fairly uniform distribution of
anomalies throughout the region.

Division 3M, Flemish Cap . A description ofthe physical oceanographic environment on the Flemish Capas
presented inSCR Doc. 18/10

An analysis of infrared satellite imagery around the Flemish Cap indicates that annual ssarface
temperatures (SST) increased over the previous tav years but remained at-0.5°C below normal in 2017.
Annual water column temperatures were-1.2°C,-0.3°C,-0.5°C and-0.2°C below normal at depths of 5, 50 and
100 m and bottom, respectively. The results from seasonal surveys along the standard Flemislp Gaction at
47°N show the development of a weltlefined cold-intermediate layer (CIL) with T<3°C that penetrated to the
bottom during the fall (December) survey in 2017. Water column temperatures along the section were
predominately above normal in the uper layers during spring (April) and below normal in most areas during
the summer and fall when values as low a®° below normal were observed. Bottom temperatures below 200

m depth were generally near the long term mean. The corresponding salinity crosgctions show near
normal values except for a strong negative anomaly during the summer on the Flemish Pass side of the Cap
where values reached >0.5 below normal. The spatial extent of the CIL (<3°C) covered over 80% of the area
during the summer 2017 EUsurvey with average thickness of about 66 m or about 15 m thicker than normal.
During the summer of 2017, both the CIL minimum and average observed core temperature was slightly
above normal, a significant increase over the record cold values observed i15. A composite climate index
derived from several metrics based on the EU summer survey show a cooling trend since 2012 that reached a
record low in 2015 but has since moderated with 2016 and 2017 returning to neanormal conditions over
most of the wate column. In general, data from four surveys in NAFO division 3M on the Flemish Cap during
the past several years captured a significant event highlighted by an unprecedented cdtdsh water mass
over the Flemish Cap that peaked in 2015. Both geostrophicurrent estimates and direct ADCP
measurements showed a very dynamic circulation pattern in 2015 with record high southward flowing LC
water over the Cap. In 2017, the circulation pattern was completely different with northward flowing water
dominating and temperature and salinity conditions returning to nearnormal values over most of the water
column except in the neassurface layer where temperature values remained below normal.

Subareas 2 - 5. Biological Oceanographic Conditions in the Northwest Atlardi During 2017 was presented in
SCR Doc. 8/007 .

Biological and chemicaldata were collected in 2017 as part of theAtlantic Zone Monitoring Program (AZMP)
from coastal high frequency monitoring stationsseasonal crossshelf sectionsas well as data fromships of
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opportunity on the Labrador-Newfoundland and Grand Banks Shelf (Subareas 2 and 3), extending west into
the Gulf of St. Lawrence (Subarea 4) and further south along the Scotian Shelf and the Bay of Fundy (Subarea
4) and into the Gulf of Maine (Subarea 5)These data are used toeview the inter-annual variations in
inventories of nitrate, chlorophyll a and indices of the spring bloom inferred from satellite ocean colour
imagery, as well as the abundance of major functional taxaf zooplankton. All time series are presented in
terms of anomalies relative to thel999-2015 climatology. In general, 2017 nitrate inventories in the upper
(0-50m) water column were near normal throughout the Northwest Atlantic with the exception of higkr
positive anomalies on the southeastern Grand Banks (3LNO) and the western Scotian Shelf (4Vs), and
negative anomaly at the high frequency sampling station Prince 5 in the Bay of Fundy (4X). The deeper-(50
150m) nitrate inventories remained mostly near © below normal on the Newfoundland and Labrador
Shelves and on the Grand Banks. The depleted inventories of deep nitrate observed on most of the Scotian
shelf in 2015 continued to decline in aNAFO Divisions(4VWX) in 2017. The chlorophylta inventories were
above normal in the Gulf of St. Lawrence and below normal on the southeastern Grand Banks (including
Flemish Cap) and the Scotian Shelf in 2017. Variation in shallow and deep composite indices of nitrate
concentration and chlorophyll a biomass showedimilar trends during the 1999-2017 time series suggesting
regulation of phytoplankton productivity through nitrate availability throughout the zone. The spring bloom
magnitude and amplitude in 2017 continued below climatology in virtually all statisticalsub-regions on the
Canadian continental Shelves and in the Gulf of St. Lawrence, and above or near normal in the Labrador Sea.
Spring bloom peak timing occurred later than normal in the Labrador Sea and on the NL and the Scotian
shelves and varied in the @GIf of St. Lawrence, whereas bloom duration stayed near normal throughout the
study area except for a markedly longer bloom in the NW Gulf of St. Lawrence. The abundance of the small
copepodPseudocalanuspp. remained high on the NL Shelf but declined ithe Gulf of StLawrence and on the
Scotian Shelf, while the abundance of the large cgpod Calanus finmarchicusemained below normal in most
NAFODivisions from northern Labrador (2J) to the western Scotian Shelf (4X). Despite the generally near to
above normal abundance of total copepods and the high abundance of neopepods throughout the study
area in 2017, total zooplankton biomassremained unusually low for the 39 consecutive year Finally,
significant correlations between climate, ocean chemistryand phytoplankton and zooplankton standing
stocks anomaly time series were observed at both zonal (Northwest Atlantic) and regional (NL Shelf) scale.

Subareas 5 and 6. A description of hydrographic conditions on the Northeast United Stats Continental Shelf
during 2017 was presented inSCR Doc. 1814.

An overview is presented of the atmospheric and oceanographic conditions on the Northeast C8ntinental
Shelf during 2017.

The Northeast United States (NEUS) Continental Shelf extends frohe tsouthern tip of Nova Scotia, Canada,
south westward through the Gulf of Maine and the Middle Atlantic Bight, to Cape ttémas, North Carolina
Hydrographic conditions along the NEUShelf are mainly determined by the relative proportion of two main
sources of water entering the region: cold/fresh arctieorigin water advected by the coastal boundary current
from the north and warmer, more saline slope waters residing offsore of the shelf break. Thisnalysis utilizes
hydrographic observations collected lp the operational oceanography programs of the Northeast Fisheries
Science Centre (NEFSC), which represents the most comprehensive consistently sampled ongoing environmental
record within the region. Overall, 2017 was characterized by warmer than averagemditions across the region.
Fall water temperatures were notably warm, consistent with anomalously warm air temperatures. The upper 30
meters throughout the Middle Atlantic Bight were more saline than normal, particularly during winter and
spring, while surface waters in the Gulf of Maine were regionally delineated, with persistent salty conditions in
the east andfresh conditions in the west.Observations indicate that rings and eddies in the Slope Sea facilitated
cross-shelf flow, setting up localized anmalies in the northern Middle Atlantic Bight during spring and in the
deep Northeast Channel during early summer. Overall, deep (slope) waters entering the Gulf of Maine were
predominantly warmer and saltier than average, and their temperature and salinjtsuggest a subtropical source.
Near bottom waters in the eastern Gulf of Maine were more than one standard deviation warmer and saltier than
average throughout the year, while the western Gulf of Maine waconsistently warm and freshWarm winter air
temperatures together with the late onsetof winter storms suppressed mixing in the western Gulf of Maine,
leading to warmer Gulfof Maine intermediate water. In general theobservations suggest that the Northeast U.S.
Continental Shelthas been warming at aate of about 0.030.05°C/year since 1977, with significant interannual
variations in temperature and salinity superimposed on this trend.
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8. Interdisciplinary Studies

An important role of STACFEN, in addition to providing climatand environmental summaries for the NAFO
Convention Area, is to determine the response of fish and invertebrate stocks to the changes in the physical
and biological oceanographic environment. It is felt that a greater emphasis should be placed on these
activities within STACFEN and the committee recommendgshat further studies be directed toward
integration of environmental information with changes in the distribution and abundance of resource
populations.

The following interdisciplinary study was presented by Dr. Frédéric G/r at the June 2018 meting along with
an abstract summarizing the findings.

Decadal environmental changes in the Newfoundland and Labrador ecosystem.

Newfoundland and Labrador (NL) shelves are located on a crossroads of the Atlantic meridional overturning
circulation (AMOC), and are therefore specially affected by climatcale changes in largscale ocean circulation.
Such circulation changes impact not only the regional climate, but also the overall water masses composition,
with consequences on physida conditions, nutrient availability, oxygen content, etc. Although of global
significance (e.g., for fish habitats), the details of these changes are still largely unknown in the oceanographic
community. Systematic hydrographic observations of this systerhave been carried out by Canada and other
countries since 1948. In Canada the observational program was reinforced in 1999 with the creation of the
Atlantic Zone Monitoring Program (AZMP), ensuring enhanced seasonal coverage and new biogeochemical
observations. Here we review 7 decades of oceanic observations, with an emphasis on loggtrency variability
and cyclesResults suggest, for example, that the cold intermediate layer (CIL), a cold ndigpth layer that is a key
feature of the NL ecosystem, exhited profound changes during the last 70 years. For example, the 15 years
period between the early 60's and mid70's was anomalously warm compared to the rest of the time series. This
warm period was followed by a cold period that spanned the mi@0's to mid-90's, a period during which the
summer CIL core temperature dropped by nearly 2°C on average. Historical salinity records also suggest that
fresher waters are found on the shelves during warmer years, and visersa. These cycles also match relatively
well the low-pass filtered winter North Atlantic Oscillation (NAO) and, to a lesser extent, the Atlantidultidecadal
Oscillation (AMO).In more recent years, the analysis of biogeochemical data acquired since 1999 (e.g., the
Nitrate/Phosphate ratio) suggess that the water masses composition is changing towards less Arctic waters
flowing on the shelves. This is concurrent with a reduction in nutrients concentration and primary production on
the NL shelves since about 2010. These observations appear countetuitive since the Arctic Ocean Oscillation
(AOOQ) is negative for this period, which would rather suggest more nutrienich water leaving the Arctic and
entering the NL shelves.

9. An Update of the On-Line Annual Ocean Climate and Environmental Status Summary for the NAFO
Convention Area

In 2003 STACFEN began production of web basednnual climate status summary pagesto describe
environmental conditions during the previous year. Tlese pagedor the NAFO area include an overview that
summarizes the overall geeral climate changes for the previous year and a regional overview that provided
climate indices from each of the Subarea3he climate summary is updated by the NAFGecretariaton an
annual basis with contributions from each contracting country. Inform#éon for 2017 will be made available
from Subarea 1, West Greenlandsubareas 23, Grand Banks, Flemish Cap and Labrador Sea/Shé&ftibareas
4-5, Scotian Shelf and Gulf of Mainend Subareas %, Georges Bank and Gulf of Maine.

Since theimplementation of the new NAFO web site theexretariat has provided google metrics/analytics to
evaluae site traffic on the climate pages. The results sholew overall access up to May of 2018t was decided
that despite low overall site traffic, the climate pages will be updated in the interim to include 2017 climate
information.

There was discussion during the BACFEN reeting regarding several points, includingthe ongoing utility of the
annual climate status report on the NAFO websifeehanges to itformat to improve the presentation and reduce
overall workload, climate pages visibility on the NAFO web site and the inclusion of biogeochemical trends within
the convention area.
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10. Environmental Indices (Implementation in  the Assessment Process)

An important role of STACFEN, in addition to providing climate summaries, is to determine the response of fish
and invertebrate stocks and the fishery to the changes in the environment, as well as to provide advice on how
relationships between climate and marine praduction may be used to help improve the assessment process.
While there were no directed studies in this regard considered at this June meeting it was noted that the
committee continues to provide time series of ceanclimate and lower trophic levelsindicators for several stock
areas including West Greenland, Flemish Cap, Grand Banks and widely distributed stocks that include the Scotian
Shelf. These indices arbased on composites of available physical, biological and chemical d&gaeach area and

are included inthe stock status reports ofSTACFIS.

11. The Formulation of Recommendations Based on Environmental Conditions

STACFENecommends consideration ofSecretariatsupport foran invited speaker to address emerging issues
and concerns for the NAFG@vention Area during th019 STACFEN Meeting

Contributions from past invited speakers have generated new insights and discussion within the committee
regarding integration of environmental information into the stock assessment process. Further discussie

are encouraged between STACFEN and STACFIS chairs on environmental data integration into the various
stock assessments. Additional consideration of integrating environmental trends from modelling studies was
suggested to assist the committee work.

12. Natio nal Representatives

Currently, the National Representatives for hydrographic data submissions are: E. Valdes (Cuba), M. Ouellet
(Canada), Vacant (Denmark),-C Mahé, (France), Vacant (Germany), Vacant (Japan), H. Sagen (Norway), J.
Janusz (Poland), VacantPortugal), E. Tel (Spain), L. J. Rickards (United Kingdom), and P, Fratantoni (USA),
K.V. Drevetniak (Russia). The following countries collected data in the NAFO Convention area in the last 5
years: Canada, USA, France, Spain, Denmark, Norway, Germamlyledand. It is noted that some countries
data sets are obtained from international @ta repositories such as ICES Oceanographic Databases, World
Ocean Database (NOAA) and SeaDataNktwas noted that the list of National Representatives has several
vacancies and has not been updated in many years. The Secretariat will facilitate the updating of this list
(where required) prior to the next STACFEN meeting.

13. Other Matters

A consensus was reached to continue with holding the STACFEN meeting the first dayhef annual June
Scientific Council Meeting occurring on Friday May 31, 2019 his timing should assist in achieving the
objectives of the SC Meeting and will permit a wider discussion and generation of the various environmental
composite indices for usem the STACFIS Report. The integrated ecosystem approach will require input of
environmental information in order to understand regional variability and fishery production potential and
will continue to benefit from availability of these data sources.

At the 2002 June meeting it wasecommended that STACFEN Chair, or designate, be included in the
presentation of scientific advice from the Scientific Council to the Fisheries Commission at theinnual
September meetingevery 5 years, and more frequentlyif significantly large changes in the environment are
observed. It was noted that the last such presentation was made at the 2012 annual NAFO meeting. A
discussion was had regarding the presentation of recent climate trends in the convention area at the
upcoming NAFO 4@ Annual Meeting 1721 September, 2018 in Tallinn, Estonia. For the upcoming annual
meeting it was suggest that an update of recent climate information in the main NAFO stock areas be included
in the SC’'s present ates @mmissibn. lawhy dlso eoted tbhat th@oekingFGrosphoa r
Ecosystem Science and Assessment (WESA) will also include environmental information that will be
presented at the NAFO annual meeting.

14. Adjournment

Upon completing the agenda, the Chaithanked STACFEN membergor their excellent contributions, the
Secretariat and the rapporteur for heir support and contributions.
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The meeting wasadjourned at 17:00 on 1 June 2018.

The SC chair expressed gratitude to Eugene Colbourne (Canada) for sasitite Interim Chair of STACFEN on
short notice and wished him well in his approaching retirement. Ricardo Alpoim (EU Representative) also
thanked Eugene for replacing the Ebminated STACFEN chair.
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APPENDIX I. REPORT OF THE STANNG COMMITTEE ON PBLICATIONS (STACPUB)
Chair: Margaret Treble Rapporteur: Alexis Pacey

The Committee met at the Sobey School of Business at
Canada, on thel Junel4 June 2018 to consider publicatiors and communicationsrelated topics and report
on various matters referred to it by the Sciatific Council. Representatives attended from Canada, Denmark
(in respect of Greenland), European UnionUK,Portugal, and Spain),Faroe IslandsRussian Federation, Japan
and the United States of America. The Scientific Council Coordinator was in attendanas were other
members of the Secretariat staff.

1. Opening

The Chair opened the meeting by welcoming the participants.

2. Appointment of Rapporteur

Alexis Pacey (NAFO Secretariat) was appointed rapporteur.

3. Adoption of Agenda

The Agenda as given in throvisional Agenda distributed prior to the meeting was adopted

4. Review of Recommendations in 201 7

The recommendations made by STACPUB for the work of the Scientific Councikeadorsed by the Council,
are as follows:

1 STACPUBecommends that the NAFO Sectariat check the Designated Expert list on a quarterly
basis and update the public website as nee s://www.nafo.int/Science/DesignatedExperts

STATUS: This has been implemented.

1 STACPUBecommends that Designated Experts and other SC members review the fact sheets and
provide the Secretariat with any updates or corrections to help refine the fact sheets.

STATUS: This has been implemented. The species sheets have been updated and are now online.
https://www.nafo.int/Science/Species

1 STACPUBrecommends that the Secretariat monitor the web traffic on the facsheets using
Google Analytics and provide the metrics at the 2018 STACPUB meeting.

STATUS: Theswmve been monitored by the NAFO Secretariat. The Google Analytics show that:

I Theperiod monitored was July 2017-24 May, 2018

I There is a total of 4656 webpages on the NAFO public domain

I The fact sheets ranked second2@,716) in page views and 2@ (734) in unique page views for
the domain https://www.nafo.int/Science/Species

I The unique page view criteria is more accurate in that it represents page visits by an individual
or web crawler. E.g. a person visited a page 50 times in one day, but it counted as one visit or
unique page view.

91 Itis not known whether this data represerts actual people viewing the web pages or automated
web-crawlers.

9 Visitors to the fact sheets originated from Canada, USA, Spain, UK, Portugal, Belgium, Russia,
Japan, Indiaand Norway.

5. Review of Publications
a) Journal of Northwest Atlantic Fishery Science (JNAFS)

Volume 49, Regular issuecontained three articles. 120 copies were printedn December 2077 and mailed in
late January2018.

Volume50, Regular issue, hasvo papers submitted with two others expected
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b) Scientific Council Studies
There was one submission for the Studies No. 48 in 2017.

TRUE, E. 2017. Annual Temperature Curves in Twelve Regions of the Gulf of Maine 398%3. Scientific
Council Studies, 48: 211. doi:10.2960/S.v48.m1.

c) Scientific Council Reports

Eight copies of a sampl€2017 NAFO Scientific Council Reponvere printed in May, which included all SC
Reports.This sample included &ew changes

1 The WGESA reportwasincluded;

1 The Joint Commission Scientific Council reportswere omitted. They would still be included in
the Meeting Proceedings of the Commission. In previous years, they weneboth reports;

1 The standing committee reports have been compiled aseparate PDFs This alleviates dual
citations for the same report (i.e. the citation for thereport itself and the citation of the report in
the SC Report book); and

1 Recommended citations for eactstanding committee report can be found below the table of
contents foreachreport.

This sample SC Report was reviewed Ifcientific Council. The Secetariat indicated that due to thesize of the
SC Report bookdecisions need to be made as to what should be included in the SC Report. Options include:
1 Previous Approach- WG-ESA reportis not included and Joint CommissionSCWorking Group
reports are included (without annexes);
1 Publish the SC Reports invto volumes; or
1 Create anew compilation/series for the Joint Commission SCWorking Group Reports.

STACPUBecommends that the Secretariat remove the WW&SA report from the SC Reports (Redbook) and
instead include a hyperlink to the report. This will address SC transparency and communication objectives. The
Joint NAFO CommissigBcientific Council documents can remain in the Meeting Proceedings of the Commission.

The Secretariatwill prepare the standard number of Redbooks for meeting and archive purposes (See Rules
of Procedure Rule 8.4 p. 18) and the2017 volume will be available online and in print in early summer 2018.

6. Other Matters
a) ASFA

The Secretariat continues to submit kiscience publiations and documents tathe FisheriesAquatic Sciences
and Fisheries Abstracts (ASFA), managed by the United Nations Food and Agriculture Organizatiorhis
includes The Journal of the Northwest Atlantic FisherieSC Reports, and SC Research Document2fait7. The
Secretariat started indexingScientific Council Summary (SCS)ocuments which contain reports of meetings
of the Council, its Committees and Working Groups, national research reports, reports of meetings of other
international organizations or matters relevant to the work of NAFO, and all research and statistical reports
prepared for meetings by the NAFO Secretariat. This will be ongoing.

The Environmental Information: Use and Influence (EIUI) research tearfrom Dalhousie University has
assistedthe ASFA Impact Ealuation Working Group (IEWG) to assess the impadt ASFAwere to cease
operations. Questions asked wereDoes an abstracting and indexing service have a place in present marine
research and policy developmentDoes ASFA meet the needd @s potential users or are there comparable
alternatives that meet their needs? Aase study wasconducted based on ASFA recordfor the Bay of Fundy
(Maritimes Canada).Thg found that librarians and institutes are aware of its relevance, but user
communities may not havethe same level oknowledge? The subscription services cost can be higimd there
can becompatibility issues with the publication platform (e.g.ProQuest (Summon). The inclusion of grey
literature and the benefits of a controlledmetadata vocabulary (ASFIS) were cited as important features of
ASFA.

STACPUB discussed the relevance of the ASFA service and whether NAFO should continue to participate and
submit our papers and reports.Various SC memberindicated that ASFAis still relevant becauset specializes

Northwest Atlantic Fisheries Organization www.nafo.int



STACPUBJ1 —-14 June 208 111

in fisheries and aquaticinformation (including smaller journals and grey literature) whereas dher searches,
such as Google Scholar and Web of Science lread basedand provide results that are not always relevant
The resarcher can also easily download references from ASFA If ASFA wants to remain relevant, ra
advertising campaign to promote it to a wider and younger audience may be helpfdihe technology should
also be modernized to remain upto-date with other databases.

STACPUBecommends that the Secretariat provide a summary of the 2018 ASFA Board Meeting for the June
2019 STACPUB meeting and that the Secretariat continue to submit SC documents and publications to the ASFA
database.

b) Citation / Reference Software

The Secretariatwas asked to explore citation and reference software that could be used for all publications
and documents Currently, a citation link is available for theJournal of Northwest Atlantic Fishery Sciencehis
was created in 2018 ands currently being implemented. The Secretariat noted that it could cost more and
take more staff time to implement this feature for all documents.

STACPUBecommends that the Secretariat research bibliographicitation or reference software that can be
used to facilitate the download of citations for all documents and publications within NAFO, not just the Journal.

¢) SharePoint

Since the implementation of the new version of SharePoint previous meeting folders containing working

papers, documents, presentations, data, etc. have not been accessible through SharePoint. STACPUB members

would like to see meeting documents accessiblehtough the SharePoint. This would help members

understand the history of the work of the various standing committees and their decisions. Some members

al so mentioned a system of ‘versioning’ for the report
using a system, such as Git (a free open sourced version control system for documdritps://git -scm.com/)

could be considered.

STACPUBrecommends that the Secretariat explore ways to make SC meeting documents fpyevious
meetings available on the SharePoint.

d) DE Group email for website

Some members requested that the Designhated Experts list of emails on the NAFO website be compiled into a
group email for quick and easy usénttps://www.nafo.int/Science/Designated -Experts

STACPUBecommends that the Secretariat provide a group email on the Designated Experts webpage.

e) SCR and SCS Guidelines

It was noted that some SCR documents do not adhere to the gelides for SCR preparation. A hyperlink to a

PDF of the Guidelines to Authors for SCR documents is available on the NAFO website
https://www.nafo.int/Library/Science/SC -Documents SC membersasked if there were guidelines for SCS
documents and were advised by the Secretariat that t
guidelines for SCS documents would be useful, to help standardize contents of these documents as well. It was
suggested that the Secretariat consider sending the SCR Guidelines @ontracting Parties alongwith the

annual January letter that is sent to SC members to prepare for the SC June meeting.

STACPUBecommends that the Secretariat and the Chair of STACPUB warlersessionally to develop a set of
guidelines for the SCS documents, including consideration of the national research reports, and present these for
review by STACPUB in June 2019.

STACPUBecommends that the Secretariat include a link to the Guideks in the January letter to ensure SC
members are informed as to the requirements determined by SC for these documents.
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7. Adjournment

The Chair thanked the participants for their valuable contributions, the rapporteur for taking the minutes and
the Secretariat for their support.
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APPENDIX Ill. REPORTOF THE STANDING COMITTEE ON RESEARCH@ORDINATION (STACREC
Chair: Carmen Fernandez Rapporteur: Ivan Tretiakov

The Committee met at So b ey’ sUniSershypHalifax,dNS, CBnada, on easicgls Sai n:
occasions throughout the meeting to discuss matters pertaining to statistics and research referred to it by the

Scientific Council. Representatives attended from Canada, Denmark (Faroes & Greenland), Europeaonrini

(UK, Portugal and Spain), Japan, Russian Federation and United States of America. The Scigdtfiacil

Coordinator and other members of the Secretariat were in attendance.

1. Opening

The Chair openedhe meeting at 1400 hours on 2 June 2018, welcomedll the participants and thanked the
Secretariat for providing support for the meeting.Several sessions were held throughout the course of the
meeting to deal with specific items on the agenda

2. Appointment of Chair

In May 2018, the Scientific Council appated Carmen Fernandez as chair of STACREC.
3. Appointment of Rapporteur

Ivan Tretiakov was appointedas rapporteur.

4. Review of previous recommendations and new recommendations in 2018

a) Tagging (recommendation from 2015)

In 2015, STACRE@commended that the NAFO Secretariat develop a framework for communicating tagging
study information to vessels from Contracting Parties and Coastal States fishing in the Convention Area (e.g., via
a link to this information on the NAFO website homepage)

This recommendatin was made in 2015. In June 2017, STACREC noted that the Secretariat had made some
progress in planning a dedicated web page through which information relating to tagging studies (eg, action
to be taken on catching a tagged fish) could be disseminated tehers. In September 2017, the STACREC
chair informally discussed with the STACTIC chair the potential of providing information on research
programs which rely on commercial (including markrecapture studies), and itwas then recommended that
intersessiond discussion should continue to determine a suitable method to notify fishing fleets of such
research activities.Due to workload issues, this intersessional discussion did not take place.

Lack of time prevented STACREC from discussing this issue in thael 2018 meeting. However, the STACREC

chair, the SC chair and the NAFO Secretariat SC coordinator discussed it informally and considered that:

1 The NAFO Secretariat could prepare a webpage providing all information on research activities of which
the fishing fleets should be aware (chiefly, tagging programmes). Fishing fleets should be made aware of
this webpage and of the fact that up to date infmation would always be available there.

1 Additionally, the NAFO observers would also notify the fishing fleets, particularly when new items were
uploaded to the webpage. The Android application for NAFO observers currently under development by
the NAFO Scretariat could provide a direct link to the webpage and raise alerts when new relevant items
were uploaded to the webpage.

These options, and possibly others, will be discussed during the STACREC meeting in September 2018 and

STACREC will issue a reconendation at that time.

b) Availability of STACFIS catch estimates (recommendation from 2016)

In 2016, STACREC discussed whether STACFIS catch estimates used in stock assessments should be made
available on the NAFO website. Meeting participants noted sevéracientific studies (including work
conducted at SC working groups) have been published assuming STATLANT data extracted from the NAFO
website are the best estimates of removals for NAFO managed resources. It was noted thatformer NAFO
Statistical Buletins published by NAFO contained text to notify researchers of discrepancies between STATLANT
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and STACFIS (see NAFO, 1996, .pi9was suggested thatsimilar notification be added to the STATLANT
Extraction Tool webpage to avoid future confusion

To facilitate progress, STACRE@ecommended that the SC chair should initiate discussion with the chairs of
FC and GC during the Sept 2016 Annual Meeting. Due to high workload, no progress has occurred to date.

In September 2017, it was agreed that the 88air would discuss the issue with the NAFO Executive Secretary
and the Commission chair to request adding this note of clarification to the STATLANT 21A webfageCREC
reiterates this recommendation .

c) Analysis of sampling rates and combining multiple su rveys (recommendations from 2015 and
2017)

In 2015, STACRE@ecommended that an analysis of sampling rates be conducted to evaluate the impact on
the precision of survey estimates.

This recommendation has not been fully addressed so far. In June 2017 €REC noted that work was
progressing and reiterated the recommendation.

As a separate aspectin September 2017 STACREC discussggssibilities for combining multiple surveys in
different areas and at different times of the year to produce aggregate iediclt was then agreed that
intersessionally and in the 2018 meetings, SC members would investigate combined surveys in operation
elsewhere (eg. ICES International Bottom Trawl Survey (IBTS)). It wdken also agreed to investigate the
possibility of bringing an invited speaker with expertise in IBTS to the STACFIS meeting in 2018.

During presentations of 2017 research activities at the June 2018 SC meeting, issues of reduced survey
coverage (typically due to lack of resources to deal with aspects such eg. technical problems with vessels,

bad weather, or because vessels and personnel were engaged in new scientific research activities elsewhere)
arose again. Participants considered that the two topics identified in earlier years,e. how to deal with
reduced survey coverage / reduced sampling rates, and possibilities for combining multiple surveys to produce
aggregate indices of stock abundanceould together constitute a relevant topic for a future workshop or a

future special session. It was decidedot consi der this item LArmahgementsfor Agend a

Speci al )&daeuscomesase teported in that section of the SC report.

d) Separation of redfish by species in surveys (hew recommendation in 2018)

During presentations ofscientific survey results, it was noted that most of the surveys conducted (except for
the EU3M survey in recent years) record redfish without separating by species. Several reasons for this were
given by some meeting participants, namely, similar specidsiology, unclear population structure, lack of an
agreed methodology for species identification that all surveys would use in a consistent manner, and lack of
time and resources in some surveys to take on additional tasks. STACREC considered that sepeayaty
species is always a better approach from the scientific standpoint, but also recognised the issues raised.

Therefore, STACRE@commends that all surveys should aim to examine redfish composition at the species
level, while recognising that this magot always be achievable due to trad#fs between different activities and
aims of surveys.

This discussion, including all species caught in surveys, should continue next year.

5. Fishery Statistics
a) Progress report on Secretariat activities in  2017/2018
i) STATLANT 21A and 21B

In accordance with Rule 4.4 of the Rules of Procedure of the Scientific Council, as amended by Scientific
Council in June 2006, the deadline dates for this
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the precedingyear are 1 May and 31 August, respectively. The Secretariat produced a compilation of the

115

countries that have submitted to STATLANT and made this available to the meeting

Table 1. Dates of receipt of STATLANT 21A and 21B reports for 2042017 up to 14 dine 2018

Country/component | STATLANT 21A (deadline, 1 May) | STATLANT 21B (deadline, 31 August
2015 2016 2017 2014 2015 2016

CANCA 4 May 16 | 30 May 17| 31 May 18| 24 Apr 15 | 4 May 16 | 30 May 17
CANSF 31 May 16 | 28 Apr 17 | 05 May 18 | 31Aug 15 | 30 Aug 16 | 7 Sepl?
CANG 18 May 16 | 26 May 17 | 30 Apr 18 | 4 Sep 15 | 30 Aug 16 | 16 Aug 17
CANNL 21 Apr16 | 26 Apr17 | 17 May 18 29 Aug 16 | 29 Aug 17
CANQ
CuB
E/BUL
E/EST 20 Apr 16 | 22 May 17 | 04 May 18 | 14 Aug 15 | 23 Aug 16 | 30 Aug
E/DNK 23 May 17| 23Apr18 | 4Sep 15 | 15Jun16 | 31 Aug
E/FRA
E/DEU 28 Apr16 | 25 Apr17 | 25Apr18 | 4Sep 15 | 29 Aug 16 | 31 Aug
E/LVA 10 Mar 16 | 20 Apr 17
E/LTU 9 May 17 | 24 Apr 18 31 May 17
EU/POL 21 Sep 15
E/PRT 26 Apr16 | 19 Apr17 | 20 Apr18 | 3Sep 15 | 23 Aug 16 | 29 Aug 17
E/ESP 5May 16 |31 May17|30May 18| 7Sep15 |5Aug1l6 | 7 Augl7
E/GBR 25 Apr 17 | 31 May 18
FRO 26 May 16 | 2 May 17 | 18 May 18| 7 Jul 15 1Jun 16 09 Jun
GRL 30Apr16 |1 May 17 | 30 Apr18 | 1Sep 15 | 30 Aug 16 | 22 Aug 17
ISL
JPN 19 Apr 17 | 01 May 18 30 Aug 17
KOR
NOR 26 Apr16 | 4 May 17 | 23 Apr 18 | 17 Mar 16 | 29 Aug 16 | 25 Aug 18
RUS 20 May 16| 11 May 17| 04 May 18| 2 Jul 15 1Sep16 | 21Jull7
USA 19 Jul 16
FRASP 25 Apr16 | 25 May 17 | 18 May 18| 6 Jul 15 8Jun 16
UKR

i) Presentation of catch estimates from daily catch reports and STATLANT 21A and 21B
This is addressed under Agenda Item 2 of the STACFIS report

6. Research Activities

a) Biological Sampling

i) Report on activities in 2017/2018

STACREC reviewed the list of Biologit Sampling Data for 2017 (SCS Doc. 1) prepared by the Secretariat
and noted that any updates will be inserted during the summerThe SCS Document will be finalized for the
September 2018 Meeting.
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i) Report by National Representatives on commercial sampling conducted
Canada-Newfoundland (SCS Doc. 18/15, plus information various SC assessment documents):

Information was obtained from the various fisheries taking place in all areas from Subareas 0, 2, 3 and
portions of Subarea 4. Informatim was included on fisheries for the following stocks/species: Greenland
halibut (SA 2 + Div. 3KLMNO), Atlantic salmon (SA 2+3+4), Arctic char (SA 2), Atlantic cod (Div. 2GH, Div.
2J+3KL, Div. 3NO, Subdiv. 3Ps), American plaice (SA 2 + Div. 3K, Div. 3LN@j\VS 3Ps), witch flounder (Div.
2J3KL, 3NO, 3Ps), yellowtail flounder (Div. 3LNO), redfish (Subarea 2 + Div. 3K, 3LN, 30, 3P4V), northern
shrimp (Subarea 2 + Div. 3KLMNO), Iceland scallop (Div. 2HJ, Div. 3LNO, Subdiv. 3Ps, Div. 4R), sea scallop
(Div. 3L, Subdiv. 3Ps), snow crab (Div. 2J+3KLNO, Subdiv. 3Ps, Div. 4R), squid (SA 3), thorny skate (Div.
3LNOPSs), white hake (Div. 3NOPs), lobster (SA 2+3+4), capelin (SA 2 + Div. 3KL), and marine mammals (SA
2,3, and 4). A provisional sampling report for 2017 wagot yet generated for submission to the Secretariat

but will be forwarded as soon as possible.

Denmark/Faroe Islands (SCS 18/09):

Data on catch rates were obtained from trawl and longline fisheries in NAFO Div 3M for Atlantic co@ddus
morhua) from 2015 to 2017 (n=380, NAFGobservers). Length frequencies (NAF@bservers and crew
members) were also available from 2014 to 2017 (13388 individuals). In addition weight measurements
were taken by crew members in 2014, 2015 and 2017 (n=45).

Denmark/Greenlan d (SCR 18/40, SCS 18/10):

Data on catch rates were obtained from trawl, gillnet and longline fisheries in NAFO Div -FAfor Artic char,
Atlantic salmon, Atlantic cod, capelin, snowcrab, Greenland halibut, lumpfish, redfish, roundnose grenadier,
scallops, Mrthern shrimp and wolffish. Length frequencies were available for Greenland halibut and for cod
from Greenland trawl fishery in Div. 1CD, from the longline fishery in 1AB and 1CD, and from the longline and
gillnet fishery 1A inshore, and for redfish takeras by-catch from the gillnet fishery in 1A inshore and from the
longline fishery in 1CD. A total of 418 length samples were taken, and 61902 individuals including Greenland
halibut, cod and redfish were measurd, in NAFO Div. 4. A total of 1322 otolithsin 1A-D and 1692 otoliths

in 1F were collected from cod.

EU-Portugal (NAFO SCS Doc 18/08):

Data on catch rates were obtained from trawl catches for: redfish (Div. 3LMNO); Greenland halibut (Div. 3LM)
and cod (Div. 3M). Data on lengtltomposition of the catch were obtained for: redfish $. mentella (Div.
3LMNO); American plaice (Div. 3MNO); Greenland halibut and roughhead grenadier (Div. 3LM); thorny skate
(Div. 3LO); cod, redfish §. marinu$ and witch flounder (Div. 3M) and yellowtal flounder (Div. 3N).

EU-Spain (NAFO SCS Doc. 18/07):

A total of 10 Spanish trawlers operated in Div. 3LMNO NAFO Regulatory Area (NRA) during 2017, amounting
to 1,025 days (15,101 hours) of fishing effort. Total catches for all species combined in Div. JU® were
14,118 tons. In addition to NAFO observers (NAFO Observers Program), 8 IEO scientific observers were
onboard Spanish vessels, comprising a total of 329 observed fishing days, around 32% coverage of the total
Spanish effort. Besides recording catclse discards and effort, these observers carried out biological sampling
of the main species taken in the catch. For Greenland halibut, roughhead grenadier, American plaice and cod
this includes recording weight at length, sexatio, maturity stages, perfoming stomach contents analyses
and collecting material for reproductive studies. Otoliths of these four species were also taken for age
determination. In 2017, 483 length samples were taken, with 57,988 individuals of different species
examined to obtain he length distributions.

One Spanish trawler operated during 2017 in Div. 6G NAFO Regulatory Area using a midwater trawl gear. The
fishing effort of this trawler was 12 days (68 hours). The most important species in catches was the Alfonsino
(Beryx splendng. In 2017, 16 length samples were taken, with 2,264 Alfonsino individuals examined to
obtain the length distributions. During 2017 and 2018, 688 individuals were examined to obtain the
relationship between the fork and total length.
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Japan (SCS Doc18/06):

In 2017, one Japanese otter trawler operated in Div. 3L, 3M, 3N and 30 (Februamovember). The total
number of trips, hauls and fishing hours were 10 (trips), 306 (hauls) and 2,193 (hours) respectively. The total
catch (13 species) includingdiscards was 2,595 tons. Target species were Greenland halibut (Div. 3L), redfish
(Div. 3LMO) and yellowtail flounder (Div. 3N). Number of size measurement for Greenland halibut (Div. 3L),
redfish (Div. 3LMO) and yellowtail flounder (Div. 3N) were 3,000, ,B0O0 and 2,530 respectively. For further
details, refer to the National Report (SCS Doc. 18/06).

Russia (SCS Doc. 18/13):

Catch rates were available from Greenland halibut (Divs. 1ACD, 3LMN, with bycatch statistics), Atlantic cod
(Div. 3M), Redfish (Divs.3LN, 3M, 30, with bycatch statistics), Yellowtail flounder (Div. 3N), Skates (Div.
3LMNO). Length frequencies were obtained from Greenland halibut (Divs. 1CD, 3LM), RedfiSel{astes
fasciatusin Divs. 3BNOS. mentellan Divs. 3LMOS. marinusn Divs. 3LMO), Roughhead grenadier (Divs. 3LM),
Roundnose grenadier (Divs. 3LM), American plaice (Divs. 3MO), Witch flounder (Divs. 3LO), Atlantic cod
(Divs. 3LMO), skates Amblyraja radiata in Divs. 3MOA. hyperborean Div. 3L), Blue wolffish (Divs. 8MO),
Spotted wollfish (Divs. 3LMO), Atlantic wolffish (Divs. 3LO), Blue antimora (Divs. 3LMilver hake (Div. 30).
Agelength distribution for Greenland halibut in Divs. 3LMNS. mentellaand S. fasciatusn Divs. 3LN, as well
as statistics on marine manmal occurrences and VME indicator species catches, are also available.

USA (SCS 1012 and 18-014):

The bycatches of species caught in the NAFO Regulatory Area were described in individual species sections or
in a table if not included in the 37 stocksLengths were taken for Div. 3LNO yellowtail flounder, Div. 3LNO
American plaice, and 3NO cod in 2017 but were not summarized. A summary of the lengths taken for these
stocks from 20122016 were summarized last year.

b) Biological Surveys
i) Review of survey actvities in 2017 (by National Representatives and Designated Experts)
Canada- Newfoundland (SCR Doc. 18/017):

Research survey activities carried out by Canada (Newfoundland and Labrador Region) were summarized,
and stockspecific details were provided in various research documents associated with the stock
assessments. The major multispecies stratifiedandom surveys carried out by Canada in 2017 include a
spring survey of Div. 3LNOPs, and an autumn survey of Div. 2HJ3KLNO. Both surveys were completed with
the Campelen 1800 survey trawl.

The 2017 spring survey in Div. 3LNOPs continued a time series begun in 1971. It was conducted from April to
mid June, and consisted of 350 successful tows (478 planned) covering 97 of 129 planned strata to a
maximum depth o 732m by the research vessel CCGS Alfred Needler. Substantive mechanical issues with the
Canadian Research Vessels resulted in very poor coverage of Div. 3L in 2017. Only 32 of the 142 planned sets
and six of the 38 strata that are in the spring survey abign for Div. 3L were completed successfully. This
marks the second time in three years that the spring survey coverage of Div. 3L has been very poor. In 2015,
only 56 out of 142 sets were completed and a total of 82 strata were missed.

The 2017 autumn sirvey was conducted from mid September to mid December in Divs. 2HJ3KLNO, and
consisted of 621 tows (674 planned) covering 186 of 208 planned strata to a maximum depth of 1500m in
2HJ3KL and 732m in 3NO. The reduction in sets was primarily due to mecharidasues that caused
incomplete sampling in 11 deepwater strata in Div. 2H and 13 deepwater strata in Div. 3L. The 2017 survey
marked the third time in the last four years that the deepwater strata in Div. 2H have not been covered and
the fifth time in six years that the deepwater strata in Div. 3L have not been completed.

STACREC noted concern over deficiencies in the spatial coverage of the Canadian surveys in recent years, and
the impact on the ability to detect signal from noise in regards to evaluatg trends in biomass and abundance

of various species. Poor coverage in the 2017 Canadian Spring survey has meant that indices from this survey
could not be used for redfish in Divs. 3LN, American plaice in Divs. 3LNO, Witch flounder in Divs. 2J3KL, and
Greenland halibut in SA2+Divs. 3KLMNO. The reduced survey coverage is generally considered to have led to
increased, albeit unquantified, uncertainty with respect to the provision of scientific advice. In addition to

Northwest Atlantic Fisheries Organization www.nafo.int



118 STACRE®1 —-14 June 20B

impacts on individual stock assessmentgleficiencies in survey coverage also add uncertainty to the results of
research on environmental (STACFEN) trends and ecosystem status, functioning and productivity (VEGA).

Canada - Central and Arctic Region (SCR 18/015):

A multi-species survey was cmpleted in Div. OASouth (to approximately 72N) in collaboration with the
Greenland Institute of Natural Resources RV Pamiut, during October 27 to November 8, 2017. The Alfredo
trawl (140 mm mesh with a 30 mm mesh liner in the cod end) was used and depstrata distributed between
400 m and 1500 m. Stations assigned to the northern portion of the depth strata could not be completed in
2017 due to ice conditions. However, these stations were randomly 1a&ssigned to the southern portions of
the depth strataand 74 of 77 planned stations were complete. Oceanographic variables (temperature, salinity
and depth) were measured during each tow using a trawl mounted conductivity, temperature, and depth
sensor. Fixed stations along the Broughton Island transect lingvere also sampled for oceanographic
variables. However, ice blocked access to the oceanographic stations along the Cape Christian line. Total and
depth stratified biomass and abundance estimates, and length frequency were compiled for Greenland
halibut.

Denmark/Greenland (SCR 18/05, 18, 21, 32, 35):

Two hydrographic cruises were carried out across the continental shelf off West Greenland to sample 10
standard sections. First cruise was onboard RV Paamiut from 3rd June to 29th June (stations in NARO
1A-C), and second cruise was onboard the Danish naval vessel Tulugaq, from 3rd July to 19th July 2017
(stations in NAFO Div.1€F). Data from three offshore stations were taken to document changes in
hydrographic conditions off Southwest Greenland (NRO Div 1DF). Results were presented aa Scientific
Council Research Document.

The Greenland Shrimp and Fish trawl survey in West Greenland in NAFO Div-R£LOO- 600 m) was initiated

in 1988. In 2017, it was carried out between May 28 July 18, on boad RV Paamiut using the Cosmos gear
with a mesh size 20 mesh liner in the co@nd. The survey follows a buffered stratified random sampling. A
total of 253 valid hauls were conducted. Survey results including biomass and abundance indices for
Greenland hdibut, cod, deep sa redfish, golden redfish, American plaice, Atlantic wolfish, spotted wolfish,
and thorny skate were presented as Scientific Council Research Documents.

The Greenland deep sea survey in NAFO Div. 1CD (408D0 m) was initiated in 1997, bllowing a buffered
stratified random sampling. In 2017, the survey was conducted from October 10th to October 21st on board
R/V Paamiut. The gear used an Alfredo Il trawl with a mesh size on 140 mm and a®Bn meshliner in the
cod-end. A total of 53 vald hauls out of 70 planned hauls were conducted. Survey results including mean
catch, mean number, biomass and abundance indices, and length frequencies for Greenland halibut,
roundnose grenadier, roughhead grenadier, and deep see redfish were presented &sientific Council
Research Documents.

The Greenland halibut gillnet surveys in 1A inshore was initiated in 2001 in the Disko Bay. The survey

normally covers 4 transects and each gillnet setting is compiled of five different nets with differing mesh size

(46, 55, 60, 70 and 90 mm half mesh). From 2013 to 2015, the surveys in Uummannag and Upernavik
gradually changed from longline surveys to gillnet surveys. In 2017, 125 gillnet stations were set. Results
were presented asa Scientific Research Document.

EU-Spain and EUPortugal (SCR 18/08, 11, 12, 13, 18, 19):

The Spanish bottom trawl survey in NAFO Regulatory Area Div. 3NO was conducted from 15th of May to the
12nd of June 2017 on board the R/V Vizconde de Eza. The gear was a Campelen otter trathl 280 mm mesh
size in the codend. A total of 113 valid hauls were taken within a depth range of 46480 m according to a
stratified random design. A hydrographic profile was casted in each fishing station. The results of this survey
are presented as Scigific Council Research Documents. In addition, age distributions are presented for
Greenland halibut and Atlantic cod.

In 2003 it was decided to extend the Spanish 3NO survey toward Div. 3L (Flemish Pass). In 2017, the bottom
trawl survey in Flemish PasqDiv. 3L) was cartied out on board R/V Vizconde de Eza using the usual survey
gear (Campelen 1800) from July 21th to August 8th. The area surveyed was Flemish Pass to depths up 800
fathoms (1463 m) following the same procedure as in previous years. The niyer of hauls was 103 and 4 of
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them were null. Survey results, including abundance indices and length distributions of the main commercial
species, are presented as Scientific Council Research documents. Survey results for Div. 3LNO of the northern
shrimp (Pandalus borealiy were presented in SCR 17/065. Ninetyine hydrographic profile samplings were
made in a depth range of 98420 m.

The EU bottom trawl survey in Flemish Cap (Div. 3M) was carried out on board R/V Vizconde de Eza using
the usual survey gar (Lofoten) from June 13rd to July 19th 2017. The area surveyed was Flemish Cap Bank
to depths up to 800 fathoms (1460 m) following the same procedure as in previous years. The number of
hauls was 184 and three of them were null. Survey results includingbundance indices of the main
commercial species and age distributions foAmerican plaice, roughhead grenadier and Greenland halibut
are presented as a Scientific Council Research document. Flemish Cap survey results for Northern shrimp
(Pandalus borealiswere presented in SCR 17/064.

VME data from the 2017 B (Spain and Portugal) bottom trawl groundfish surveys in NAFO Regulatory Area
(Divs. 3LMNO):

New data on deepwater corals and sponges were presented from the 201EU andthe EU (Spain and
Portugal) bottom trawl groundfish surveys. The data was made available to the NAFO WGESA to improve
mapping of Vulnerable Marine Ecosystem (VME) species in the NAFO Regulatory Area (Divs. 3LMNO).

Significant” catches (accor di islgsurvegs) df teepwateAdor@ls aheé f i ni t i c
sponges were provided and mapped together with the closed areas. Distribution maps of presence and

catches above threshold for RV data of sponges, large gorgonians, small gorgonians and sea pens following

the thresholds were presented.

Sponges: For the EU 2017 data, sponges were recorded in 142 of the total tows (35.4% of the total tows
analyzed), with depths ranging between 54nd 1338 m, and average depth of 494 m. Significant catches of
sponge (= 75 kdihfive BU tows dhree offthese natches were located in the eastern part of
the Flemish Cap; the other two were located ithe Flemish Pass area inside the Kernel Density (KDE) sponge
polygon. Sponge catches for these tows ranged between 14d8d 7113 kg.

Large Gorgonians: For the EU 2017 data, large gorgonians were recorded in 12 tows (3% of total tows

analyzed), with depths ranging between 342nd 1285 m, and average depth of 845 m. Significant catches of

|l arge gorgonians (=2 0.6 kg/tow) were found in one EU t
inside the corresponding KDE polygon but outside the actual closed area number 2.

Small Gorgonians For the EU 2017 data, small gorgonians were recorded in 55 tows (13 % of total tows
analyzed), with depths ranging between 224nd 1434 m, and average of 927 m. Significant catches (> 0.15
kg/tow) were recorded in three tows (0.75% of the total tows) loated at the Tail of the Grand Banks, outside
of the actual closed areas with depths between 614nd 1369 m.

Sea Pens: For the EU 2017 data, sea pens were recorded in 140 tows (34.9% of total tows analyzed), with
depths ranging between 242and 1434 m, and average depth of 884 m. Significant catches (> 1.4 kg/tow)
were recorded in three tows (1.52- 2.21 kg), two of them were located north of Flemish Cap and inside the
corresponding VME KDE polygon. The other one was located southwest of Flemish Cap, outstide KDE

polygon.
USA (SCS Doc. 18/014):

The US conducted a spring survey in 2017 covering NAFO Subareas 4, 5 and 6 aboard the FSV Henry B.
Bigelow. All planned strata were covered and the survey was conducted in a normal time frame. The US
conducted anautumn survey in 2017 covering NAFO Subareas 4, and 5 aboard the FSV Pisces because an
engine was being replaced on the FSV HB Bigelow. All planned strata on Georges Bank were covered as were
most for the Gulf of Maine. No strata in Southern New England tire Mid-Atlantic were covered since the FSV
Pisces did not arrive until October. The timing for the areas covered was similar to that in the past

i) Surveys planned for 2018 and early 2019

Information was presented and representatives were requested to reeiv and update before finalization of
an SCS document in Septemher
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c) Tagging Activities in 2017 and early 2018

Information was presented and representatives were requested to review and update before finalization of
an SCS document iBeptember (SCS 18/11).

d) Other Research Activities
i) Trial to study the effectiveness of a Sort V grid inthe Atlantic cod fishery in NAFO division 3M

STACREC was made aware of an industry cod selectivity study in Div. 3M to prevent catches of cod below
minimum landing size (MLS) (4 cm).

Following FC encouraging Contracting Parties to carry out selectivity experiments with sorting grids in the

Di v. 3M cod fishery, the UK freezer vessel "Kiakell a H
selectivity campaignin 2016 and another one in 2017, aimed at studying the use of sorting grids in the cod

fishery of Flemish Cap (Div. 3M)The results from 2016 were presented to STACREC in 2016, whereas the
presentation this year related to the results from 2017.

Only alow number of setswas made in 2016 at depths shallower than 300 meters in those setsfourteen
undersized fishwere caught, all of which werecaught in the trawl using no grid. In watersdeeper than300 m,
no undersized cod was caughtin 2016 in either of the gear types(with or without sorting grid), and length
frequency was fairly consistent between the two gear typesin 2017, only waters deeper than 390 m were
covered in the campaign, and no undersized cod was caught with or without sorting grid.

STACREC concluded that, from the results of these campaigns alondsihot possible to draw a definitive
conclusion about the utility of sorting grids in this fishery.The datacollected in these campaigngresent
coverage problems relative to the entire range of depths where the fishery is carried out.Based on
information from other fisheries, it is generally recognised that sorting grids could be useful to reduce catches
of small fish, but if studies in the NAFO area were to proceed, they should be atiecally designed, ideally in
collaboration with SC, to ensure that results are representative (i.e. have appropriate coverage of depth and
other aspects of the fishery) and can fully address the question asked.

i) Progress report on EU ATLASproject z Flemish Cap Case study

A presentation was given orSpecies Distribution Models (SDMs) for sea pen cordlsthe Flemish Cap and
Flemish Pass area (Northwest Atlantic Oceard summary of the presentation follows:

This four-year H2020 project started in May2016 and aims to gather diverse new information on sensitive
Atlantic ecosystems (including Vulnerable Marine Ecosystems and Ecologically or Biologically Sensitive
Areas) to produce a stepchange in our understanding of their connectivity, functioning andesponses to
future changes in human use and ocean climate. The Instituto Espafiol de Oceanografia (Centro Oceanogréfico
de Vigo) is the coordinator of the ATLAS Case Study No 11, which includes Flemish Cap and Flemish Pass area
(3LM NAFO Divisions).

Speces Distribution Models (SDMs) forAnthoptilum grandiflorum and Funiculina quadrangularisdeep-water
pennatulacean coral for Flemish Cap and Flemish Pass areav&leen carried out by Centro Oceanogréafico de
Vigo in close collaboration with Centro Oceanografico de Murcia (ISEAS project).
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Fig. 1. ATLAS Case Study area (Flemish Cap and Flemish Pass) is located in 3LM NAFO
Divisions.

Regarding SDMs, different modeilg algorithms were presented to classify the probability of habitat
suitability for Anthoptilum grandiflorum and Funiculina quadrangularisas a function of a set of environmental
variables. The environmental variables used in the analysis were: i)Oceanagraphic variables Bottom
Temperature; Bottom Salinity; Mixed layer depth; Bottom Current Speed and Bottom Current Speed
Components (U and V); ii)Bathymetric features Bathymetry, Slope, Orientation of the seabed, sediment
texture and gravel.

Preliminary tests using threedifferent models, namely, MAXENT (Maximum Entropy model), Generalized
Additive Model (GAM) and Random Forest (RF) were run.

The objective wasto identify potentially complex linear and nontlinear relationships in multi-dimensional
environmental space andto predict the distribution of Anthoptilum grandiflorum and Funiculina
guadrangularisdeep-water pennatulacean in unsampled locations of the Case Study area.

Once the three SDMs algorithms wereun, model averaging was applied. Sometimes, this combination
(averaging) could give better predictions than single modelsas different SDM algorithms can produce
different geographic predictions and therefore, resultant conservation strategies, even when usg the same

data.

Maps showing the probability of habitat suitability for A. grandiflorumand F. quadrangularisin the Flemish
Cap and Flemish Pass were presented together with model prediction performance statistics (AUC;
Specificity; Sensitivity, TSS ad correlation of the different models) in order to assess the accuracy of the
different SDMs implemented.

Results showed thatA. grandiflorum and F. quadrangularisexhibit specific habitat preferencesand spatial
patterns in response to environmental varables (mainly bathymetry, bottom temperature, sediment texture
and U component of current speed).

This work is the updated version of the work presented during the 10 WG ESA and should be considered as
an approach for the creation of sea pen VME specidistribution maps and habitat distribution models (SDMs
and HSMs) used to improve our understanding of their biodiversity in the Flemish Cap and Flemish Pass
areas.

STACREC appreciated receiving this progress report, and the WSA cechair present at the meeting
commended the progress this project is making and the positive contribution this type of work and
engagement in WGESA is providing.

A comment made about the work presented was that the inclusion of fishing effort in the set of predictor
variables would seem to be relevant and it was asked whether this had been attempted in the analysis. The
author responded thatthey intend to include the fishing effort layer as a new predictor variablein future
work to be presented during the 11 WGESA meetig, as it is considered that fishing effort information could

be important for improving the predictions from the different models.
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7. Review of SCR and SCS Documents
USA (SCS Doc. 1-814):

The report described catches and survey indices of 37 stocks of gradfish, invertebrates and elasmobranchs.

Of note, the indices for Georges Bank and Southern New England yellowtail flounder were among the lowest
values in the time series. Research on the environment, plankton, finfishes, marine mammals, and apex
predators were described. Descriptions of cooperative research included work to estimate the efficiency of
the survey net and a longline survey in the Gulf of Maine. Other studies included age and growth, food habits,
tagging studies, and observer trips. A desgtion of the method for estimating catches in the observer
program used both in US waters and in the NRA was given

0001 b1 OA1 O &£ O OEA Agbl 1 EOAOGEI T O0OADHAENp iy A OEA &I Al EO
The document (byV. Korzhev and M. Pochtarwas presented at the STACREC meetiny.summary of the
presentation follows:

The object of the study is redfish species of the Flemish Cap Bank in NAFO Div.3M, the Northwest Atlantic
statistical area. The aim of the work is to develop proposals for a magement strategy for the redfish fishery
based on a population dynamics model that incorporates dependence of model parameters on environmental
factors.

Procedures for modelling the average weight and recruitment of redfish depending on the change in thige

of the stock and environmental factors, are developed using multiple stepwise regression methods. The
estimation of the optimum yield of redfishes and the exploitation rate in the longerm was carried out, while
maintaining the spawning stock withinsafe biological limits with the use of a precautionary approach, under
different values of the predicted recruitment.

It is shown that the main strategy for managing the fishery of redfish species is to maintain the spawning
stock at a level of 3040 x 13 t. The exploitation rate (fishing mortality) should be set in the range of Fmsy
Fmax (0.080.21), depending on the average recruitment abundance in the last 6 years. With this exploitation,
the long-term average annual catch can be 106 x 10 t, and thestock of redfish will be within biological safe
limits. The analysis made can be used to determine the strategy for exploiting the Flemish Cap Bank redfish
stock, the grounds for establishing the TAC for 20322020, 10.5 x 16 t, and the possibility of futher
increasing the yield to 1216 x 133t .

STACREC noted that, given the technical complexity of this work, at this stage it could only offer comments to
the presentation but was not able to provide an irdepth review of the methods or technical aspectsf the
work. However, the overall impression was that this work represented a good progression from last year. The
following comments were made:

Concern was raised about the fact that all redfish is considered together in this analysis, i.e. without
separding by species. It was noted that the same was the case in the current version of the multispecies
GadCap model for the Flemish Cap area. By contrast, the Scientific Council separates beaked redfish (
mentellaand S. fasciatus from golden redfish (S. mrvegicug in the provision of catch advice for redfish in
Division 3M, because of the different biological features of these species, and STACREC recommended this
year that all surveys should aim to separate redfish by species. To be in line with the S&tigion for the
provision of catch advice for redfish in Division 3M, this type ofmodelling should be developed for beaked

and goldenredfish separately.

It was also noted that assumptions about future recruitment should be inspected carefully, as the
asaumptions currently made in this analysis (Ricker stockrecruitment with uncorrelated annual stochastic
deviations) do not appear to be realistic. Recruitment is likely to be highly correlated over time and, in redfish
stocks, it is fairly common to see oa@sional very high year classes followed by extended periods of
continuously low recruitment. Recruitment assumptions are always strongly influential in the results of long
term simulation analyses and the assumptions made so far in this analysis appeati® likely overoptimistic.
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A question was asked about how the environmental variables used in the analysis were generated in the
projection years. The question could not be answered at this point, as the scientists that conducted the work
were not presentat the meeting.

STACREC agreed that WEBMS should be made aware of the existence of this work.
8. Other Matters

Concern was raised during STACREC discussions about the low quality of data in general in recent years. Once
again, there were survey coverage reblems in 2017 that led to missing indices (e.g. the Canadian Spring
3LNO survey 2017 index) in several stock assessments. There were also sampling issues pertaining to the
length and age composition of commercial catches for some stocks, and no -s&yggth key specific to year
2017 was available for the 3M cod stock assessmeot for redfish in 3M. Although specific impacts have not
been quantified, it is obvious that data defficiencies add uncertainty and reduce the quality of the advice the
SC is able tgrovide.

a) Report on data availability for stock assessments (by Designated Experts)

Designated Experts were reminded to provide the stock assessment data to the Secretariat. It was agreed to
store the files on the meeting SharePoint underafoldeant i t | ed “ DATA" .

b) NAFO Catch Estimates Methodology Study

STACREC was informed thadAFO has contracted MRAG Americas, Inc. to complete a catch data methodology
study. This study will conclude later this year and provide a documented description of the mettologies in
place by all actors involved in the process of obtaining haul catch estimates in the four dagathering
processes identified @lifferences in estimates of the catch found in different sources such as logbooks data,
scientific observer's data, ompliance observer's data and inspection on board reports datalhe contracted
study group will provide NAFO a summary document regarding the development of common best practices to
estimate catches. Members of the project team attended the Scientific @oil meeting, provided a
presentation, and conducted interviews with several Scientific Council membersThe project is expected to
conclude by the end of 2018

9. Adjournment

The Chair thanked the participants for their presentations to the Committee. Spatthanks were extended to
the rapporteur and the Scientific Council Coordinator and all other staff of the NAFO Secretariat for their
invaluable assistance in preparation and distribution of documents. There being no other business the Chair
adjourned the meeting at 10:00 hours on 14 June 2018.
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APPENDIX IV. REPORDF THE STANDING COMNMTEE ON FISHERIESCIENCE (STACFIS)
Co-Chairs: Karen Dwyer Rapporteurs: Various
I.  Opening

The Committee met at the Sobey School of Busltol¥ss, Sai
June 208, to consider and report on matters referred to it by the Scientific Council, particularly those

pertaining to the provision of scientific advice on certain fish stocks. Representatives attended fro@anada,

Denmark (in respect of the Faroe Islands and Greenland), the European Union (France, Portugal, Spath

the United Kingdom), Japan the Russian Federation, and the United States of Arita. Various members of

the Committee, notably the designated stock experts, were significant in the preparation of the report
considered by the Committee.

The Chair,Karen Dwyer (Canada)pened the meeting by welcoming participants. The agenda was rewed
and a plan of work developed for the meeting. In accordance with the Scientific Council plan of work,
designated reviewers were assigned for each stock for which an interim monitoring update was scheduled
(see SC Report). The provisional agenda wasagded with minor changes.

Il.  General Review
1. Review of Recommendations in 2017

STACFIS agreed that relevant stodby-stock recommendations from previous years would be reviewed
during the presentation of a stock assessment or noted within interim monitoringeport as the case may be
and the status presented in the relevant sections of the STACFIS report

2. General Review of Catches and Fishing Activity

The coChair of the Catch Estimation Strategy Advisory Group (CESAG) Katherine Sosebee (USA), introduced
the work of CESAG leading up to this meeting. The NAFO Secretariat presented the catch estimates developed
by CESAG in COMC CESA®/P 1801 (Rev.2), mting that the supplementary data that went into the
analyses are also available for SC to review. The Secretariat noted that the catches were estimated based on
the strategy outlined in Annex 1 of COMSC Doc. 1:08. The strategy relies heavily on the porinspection data

as well as the daily catch report data, and is applied on a trip by trip basis. For trips that overlapped calendar
years (e.g. began in December 2016 and ended in January 2017), the catches have been estimated for the
2017 calendar year otty. The Secretariat also highlighted COI8C CESA®/P 1802 and COMSC CESA®/P
18-03, which contain supplementary data analyses that may be of interest to SC members.

SC members noted that some stocks rely on gear type to develop the assessments, andctimeent catch
estimation strategy does not contain that information. The Secretariat noted that gear type would be possible
to include in the strategy, but that getting the level of detail to include mesh size may not be possible with the
existing data set available. SC members stressed the importance of mesh size information and agreed it that
this should be something reviewed by CESAG at their next meeting. It was also noted that the values in the
daily catch reports, CESAG strategy, and STATLANT arevally similar, which raised the question of data
quality considering the discrepancies between these data sources in previous years. Nonetheless, it was
pointed out that official catch statistics are improving, based on changes to the reporting requiremensuch

as data being reported on a hadby-haul basis and the timeline for reporting for Vessel Monitoring System
(VMS) is shortened. SC members also raised the issue that on the NAFO Website, it states that STATLANT 21
are the official catch statistics & NAFO, but that the SC has not always used STATLANT data in their
assessments, and that there should be a footnote included on the NAFO Website to explain this. There was
also a discussion on the utility of creating a database of all past catch estimatsed in the SC assessments.

STACFISecommends that catch information should be made available by country, division, quarter and gear
type including mesh size

3. Invited Speaker

The invited speaker of STACFIS for 2018 was Dr. Alida Bundy from the Bedfordtige of Oceanography
(Bl O), Fisheries and Oceans Canada (DFO), Dart mout h,
provided below:
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Science in Support of Ecosystem-based Fisheries Management
Alida Bundy, BIO, DFO

Fisheries organisations global are adopting an ecosystem approach to management of fisheries and oceans.
There are a range of acronyms and descriptions for
holistic, place based framework that seeks to sustain fisheries and othservices that humans want and need

by maintaining healthy, producti ve, and resili-ent
EBFM definition, Lenfest Ecosystem Task Force 2017). This talk focussed on two approaches to providing
science advicefor EBFM, extended single species modelling and ecosystem modelling. These have the
potential to contribute to all three tiers of the NAFO Roadmap.

Extended single species modelling- the results of a recent review of the extent to which ecosystem
considerations are incorporated into stock assessments conducted for Canadian fisheries was presented. The
review considered 178 stock assessments and threbroad categories of environmental drivers: Climate
drivers, which characterizes longterm (multi-year) variations and trends in regional or largescale
processes; Oceanographic drivers, which can be strongly associated with climate variability, but whialso
often includes elements of shorterm and/or regional variability and Ecological drivers consist of trophic
interactions, and habitat requirements or associations for the purpose of this review. Main conclusions were
that 21% of assessments included upntitative approaches to include climate, oceanographic and ecological
variables into the assessment and that 87% appeared in advice.

Ecosystem Modelling- The Ecopath and Ecosim modelling framework (EwWE) is composed of a mass balance
model (Ecopath, Chistensen and Walters 2004) from which temporal and spatial dynamic simulations can be
developed (Walters et al. 1997, 1999, Christensen and Walters 2004). EwE is a quantitative, proeessd
speciesbased model, representing trophic flows in the ecosystenit has been widely applied, being used to
address ecological questions, evaluate ecosystem effects of fishing, explore management policy options,
analyse the impact and placement of marine protected areas, model effect of environmental changes and it

an

eco

facilitates end-to-end model construction. It was primarily developed as atoeb ox t o hel p answer

guestions about policy that could not be addressed with singlepecies assessment models (Pauly et al., 2000;
Christensen and Walters, 2004, 2011). Her the EwWE was briefly outlined, some examples of its use for
ecosystembased fisheries management (EBFM) described and recent developments noted. Recently, EWE
has been modularised, and the code made freely available so that uses can adapt the code asulddvelop
packages (plugins) to add to the model (Steenbeek et al. 2016). This has made the EwWE Framework into an
extremely versatile tool to support EBFM. Highlighted was a recent application of EWE to evaluate the North
Sea MulttAnnual Plan (Mackinsoret al. 2018).

In relation to the NAFO Roadmap, this presentation illustrated (i) extended single species approaches being

used within DFO that can contribute to Tier 3 of the NAFO framework, and (ii) EwWE, which can be used to

estimate single species, singlspecies with species interactions MSYs and multispecies MSYs that can be used
to address all three Tiers of the NAFO road map, with the latter providing an estimate of an overall catch cap

or ceiling.

There are multiple EWE models that have been develoddor the NAFO region including the northeast USA,
the Scotian Shelf (east and west), the Gulf of St Lawrence (north and south) and Newfoundlddbrador.
New work has started on the EwE models for Newfoundlantdabrador as a result of the CoArc (A
transatlantic innovation arena for sustainable development in the Arctic) project, which could contribute to
the SC WGESA work and the NAFO Roadmap.
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Comments and discussion

The presentation was well received by SC participants, and a useful exchange of ideas ensued. Highlights of
this discussion included the importance of explicitly distinguishing b®veen strategic and tactical
management and how these levels require different management measures. The role of minimum realistic
multispecies models was also discussed to bridge the gap from ecosystem models aimed at strategic advice
and the tactical advce level typical of traditional stockassessments.
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Ill.  Stock Assessments
A. STOCKS OFF GREENLAND AND IN DAVIS STRAIT: SA0 AND SA1

Recent Conditions in Ocean Climate and Lower Trophic Levels

1 The composite climate index in Subarea-@ has remained mostly abovenormal since the early
2000s, it reached a peak in 2010 but has been in decline since then, reaching a below normal s
in 2015 before returning to near normal climatological conditions in 2016 and 2017.

9 Total production of the spring bloom (magnitude)remained above normal in 2017 but declined
from the record-high observed in 2015.

1 Spring bloom peak timing was delayed in 2016 and 2017 compared to the reference period
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Fig. A1l. Composite environmental index for NAFO Subarea 1 (West Greenland) derived from
meteorological and physical oceanographic (water temperature, salinity) conditions
during 1990-2017 (top panel). Phytoplankton spring bloom magnitude (middle panel)
and the pek timing (bottom panel) in NAFO div OB1F during 199&017.
Positive/negative anomalies indicate conditions above/below (or late/early timing) the
long-term average for the reference period. All anomalies are mean standardized
anomaly and were calculated sing the following reference periods: environmental
index: 1981-2010; Spring bloom indices (magnitude and peak timing): 1992015.
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Environmental Overview

Hydrographic conditions in this region depend on a balance of atmospheric forcing, advection and itelt.
Winter heat loss to the atmosphere in the central Labrador Sea is offset by warm water carried northward by
the offshore branch of the West Greenland Current. The excess salt accompanying the warm inflows is
balanced by exchanges with cold, fresh pat waters carried south by the east Baffin Island Current. The
water mass circulation off Greenland comprises three main currents: Irminger Current (IC), West Greenland
and East Greenland Currents (WGC and EGC). The EGC transports ice and colsdbnity Surface Polar
Water (SPW) to the south along the eastern coast of Greenland. The East Greenland Coastal Current (EGCC),
predominantly a bifurcated branch of the EGC on the inner shelf, transports cold fresh Polar Water
southwards near the shelf break. TheC is a branch of the North Atlantic current and transports warm and
salty Atlantic Waters northwards along the Reykjanes Ridge. The current bifurcates south of the Denmark
Strait and a small branch continues northward through the strait to form the Iceladic Irminger Current. The
bulk of the IC recirculates to the south making a cyclonic loop in the Irminger Sea. The IC transports then
southwards salty and warm Irminger Sea Water (ISW) along the eastern continental slope of Greenland,
parallel to the EGCThe core properties of the water masses of the WGC are formed in the western Irminger
Basin where the EGC meets the IC. After the currents converge, they turn around the southern tip of
Greenland, forming a single jet (the WGC) and propagate northward alp the western coast of Greenland.
During this propagation considerable mixing takes place and ISW gradually deepens. The WGC consists thus
of two components: a cold and fresh inshore component, which is a mixture of the SPW and melt water, and
saltier and warmer ISW offshore component. The WGC transports water into the Labrador Sea and, hence, is
important for Labrador Sea Water formation, which is an essential element of the Atlantic Meridional
Overturning Circulation (AMOC).

Ocean Climate and Ecosystem Indicators

The composite climate index in Subarea-Q has remained mostly above normal since 2001. The peak in the
series occurred in 2010 but has subsequently declined in recent years to near normal levels (Figure 1, top
panel). Cold, fresh conditions peristed in the early to mid1990s followed by a general warming trend in the
past decade with the exception of a brief cooling event in 2008 and 2015. Spring bloom total production
(magnitude) has remained above the 1998015 long-term average since the recal-high observed in 2015
(Figure 1, middle panel). Ocean colour remote sensing imagery indicated widespread surface blooms
throughout the Labrador Sea and West Greenland during ApiMay in 2015, with reduced spatial extent and
later timing in 2016-2017. The timing of the spring bloom maximum was delayed in 2012017 after being
close to normal since 2010, excepting for one early bloom in 2012 (Figure 1, bottom panel). Air temperatures
in 2017 over West Greenland and much of the Labrador Sea region were abaormal by 0.6 SD at Nuuk. In
2017, temperature and salinity values of the Irminger Sea Water in the 7800 m layer at Cape Desolation
Station 3 were 5.3°C and 34.90, which were 0.6°C and 0.02 above the logign mean, respectively. Average
water temperatures at Fyllas Bank Station 2 (810 m depth) off West Greenland in June/July experienced a
significant increase with temperatures 1.9°C/0.9°C (2.4/1.1 SD) higher than normal in 2016 and 2017,
respectively.
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1. Greenland Halibut ( Reinhardtius hippoglossoides ) in SA0+1A offshore and Divs. 1B -F
(SCR Doc. 18/15, 21, 32, 40; SCS Doc. 18/10, 13)
a) Introduction

The Greenland halibut stock in Subarea 0 + Div. 1A offshore and Div.-1B is part of a larger population
complex distributed throughout the Northwest Atlantic (Roy et al 2014). The assessment is qualitative, and
has since 2014 been based on an index of survey biomass that covers DivisionsSvAith and 1CD (ICES
2013). The surveys are conducted by the same vessel and gear during the fall which allowed for mpde
addition of the survey estimates to create the index. An index based harvest control rule was accepted as the
basis for TAC advice in 2016.

Greenland halibut in Subarea 0+1, including 1A inshore, came under quota regulation in 1976 when a TAC of
20 000 t was established. TAC was increased to 25 000 t in 1979. In 1994 analysis of tagging and other
biological information resulted in the creation of separate management areas for inshore Div. 1A and Subarea
0+1A (offshore) and 1BF. The portion of the TAGllocated to Subarea 0+1A (offshore) and B was 11 000 t
and the TAC remained at this level from 1992001, during which time the TAC was fished almost exclusively

in Div. OB and Div. 1CD. A series of surveys took place during 1920804 in areas of DivOA and 1AB that had
not been surveyed before resulting in an expansion of the fishery into these northern divisions between 2001
and 2006.

The vessel thatconducted the surveys has been retired and there will be no survey in 2018. Also, it will not
be possible to calibrate this survey series with the next survey that is expected to begin in 2019. The absence
of a continuous survey series may constrain the ability dBTACFIS to assess/provide advice on this stock in
coming years and furthermore, STACFIS m#&ge unableto evaluate the impact of the advised TAC

Recent catch and TACs (‘000 t)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC 24 27 27 27 27 30 30 30 323 323
SAOQ 12 13 13 13 13 15 14 14 16
SA1 13 13 14 14 15 16 17 17 18
Total STACFI&? 25 26 27 27 28 31 31 31 35

1Based on STATLANT, with information from Canada and Greenland authorities used to exclude 1A and
inshore catch.

2Includes inshore 1BF catches that were <500t prior to 2013 and have varied betweeh,000 t and 2,000 t
since then.

i) Description of the Fishery

Bottom otter trawl gear is used by most fleets in the Subarea 1 fishery, there have been longline vessels in the
offshore, however gillnet gear is not allowed. The Subarea 0 fishery is a mix @vtl and gilinet (between 30-
40% of the catch in recent years) with the occasional use of longline. The trawlers in both Subareas have
been using both single and double trawl configurations since about 2000. The gillnet fishery in Subarea 0
began in 2005and has been using baited gillnets since about 2015.

Catches were first reported in 1964 and rose to 20,027 t in 1975 before declining to 2,031 t in 1986. Catches
increased from 2,927 tin 1989 to 18,457 t in 1992 due to a new trawl fishery in Div. OB witharticipation by
Canada, Norway, Russia and Faeroe Islands and an expansion of the 1CD fishery with participation by Japan,
Norway and Faeroe Islands. Catch declined from 1992 to 1995 primarily due to a reduction of effort by non
Canadian fleets in Div. B. Since 1995 catches have been near the TAC, increasing in step with increases in the
TAC, with catches reaching a high of 34,681n 2017 (Fig. 1.1).
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Fig. 1.1. Greenland halibut in Subarea 0 + Div. 1A (offshore) and Div. BB catchesand TACs.

b) Data Overview
i) Commercial fishery

In 2017 length frequencies were available from Greenland and Russian Federation trawl fisheries in Div. 1AB,
Norway, Greenland and Russian Federation trawl fisheries in Div. 1CD, and from Canadian gillnet and trawl
fisheries in Div. OA B.

In Div. 1AB the modal length has varied from 50 to 52 cm in the Greenlandic trawl fishery while the Russian
trawl fishery has had slightly lower modes ranging from 45 to 50 cm in most years. Length frequencies in
Greenland, Norway and Rusian fisheries in Div. 1CD had modes between 430 cm for most years prior to
about 2014, since then the length frequencies have had a greater proportion of larger fish with modes
between 50-55 cm.

During 2015-2017 modal lengths have varied between 4&0 cm in the trawl fishery in Div. OA and in Div. OB
they have been stable at 50 cm. There tends to be a larger proportion of fish <50 cm in the Div. OA trawl
length frequency compared to Div. 0B. Modes in the Div. OA gillnet fishery have been stable atB8during
2015-2017 while the modes for Div. OB during 2015 and 2016 were 64 cm (no data available for 2017).

The standardized CPUE for SA0+1A (offshore trawl) and 4B combined has been increasing since 1997, and
since 2015 has been greater than the prevus high levels observed at the beginning of the time series (Fig 1.2).

The standardized CPUE for gillnets has been increasing since the series began in 2003 but since 2015 has
been relatively stable (Fig. 1.3).

It is not known how the technical development of fishing gear or vessel changes in the fleets have influenced the
catch rates for example, the fishermen have in recent years started to bait the gill nets. Also, there are
indications that the coding of trawl gear type in the log books is not always reliable. Such changes can influence
the estimation of the catch ratestherefore, the catch rates should be interpreted with caution.
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Fig. 1.3. Greenland halibut in Subare@ + Div. 1A (offshore) and Div. 18-: Standardized gillnet
log CPUE for Subarea 0, withS.E.

logCPUE

ii) Research surveys

Greenland deep sea surveys in Div. 1CD. Since 1997 Greenland has conducted stratified random bottom
trawl surveys during SeptemberOctober in NAFO Div. 1CD, from 400 to 1500 m. The index of biomass in Div.
1CD in 2017 was similar to levels seen in 2015 and 2016 and above the time series average (Fig. 4). The
abundance index in 2017 is also similar to levels seen in 2016 argD17. The overall length distribution
(weighted by stratum area) has been dominated by a mode at 51cm since 2006, an increase from a mode of
45 cm observed in 2000.
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Fig. 1.4. Greenland halibut in Subarea 0 + Div. 1A (offshore) and Div. EBbiomass indices from
bottom trawl surveys. A survey in Div. OA in 2006 is naincluded due to poor coverage.

Canada deep sea survey in Div. 0A-South. A stratified-random otter trawl survey has been conducted in
southern OA (OASouth) (to approximately 72 N) during late September to early November in 1999, 2001,
every two years from 2004 to 2014, and annually since then. Biomass in Div.-@auth had varied with an
increasing trend from 1999 to 2016 followed by a marked decline in 2017 (Fig. 1.4). Abundanéalowed a
similar pattern. The 2017 survey missed stations assigned to the most northern portion of the depth strata
due to ice conditions but is still considered representative.In 2016 biomass estimates across depths 801 m to
1200 m were the highestin the time series but in 2017 biomass at all depths had changed; 120500 m depths
had the highest or second highest biomass in the time series while all other depths were at the lowest or near
lowest levels. The overall length distribution in 2017 rangd from 12 cm to 90 cm with modes observed at 27
and 45 cm,up from 42 cm observed in 2015 and 2016.

Canada deep sea surveys in Div. OB. A stratified-random otter trawl survey was conducted in September
October in Div. OB in 2000, 2001, 2011, and annuallyoin 2013-2016. Biomass and abundance for Div. OB in
2016 were similar to previous highs observed in 2011 (Fig. 1.4). Overall lengths in 2016 ranged from 6 cm to 99
cm with modes at 18 and 51 cm. Modal length has increased over the time series from a mofl@l5 cm
observed in 2001.

Greenland shrimp and fish survey in Div. 1A -1F. Since 1988 surveys with a shrimp trawl have been
conducted off West Greenland during Ju$eptember, from 100 to 600 m. The survey covers the area between
59°N and 7230' N (Div. 1A-1F) from 100 m to 600m. Clear modes can be found in the length distribution at 12
15 cm and 23 cm, corresponding to ages 1 and 2, allowing for the development of a recruitment index from this
survey using the Petersen method.

c) Estimation of Paramete rs

Several attempts to model the stock dynamics have been tried over the years using methods such as Yield per
Recruit Analysis, XSA, ASPIC and Schaefer surplus production model. None have been accepted.

d) Assessment Results

i) Subarea 0 + Division 1A(offshore) + Divisions 1B-1F

Commercial CPUE indiceA: standardized CPUE index for all trawlers fishing in SA 0+1 has been increasing
since 1997. For gillnets in SAO the index has been increasing since the beginning of the time series in 2003
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but since 2QL5 has been relatively stable However, CPUE is known to have limitations as an index of
population status.

Biomass The Div. 0ASouth+Div. 1CD combined survey biomass index had been relatively stable from 1999 to
2014 (Fig. 1.5). Since 2014 the indexas been more variable with a time series high in 2016 and a level near
the series low in 2017, with all values remaining abovei&.

Recruitment The general trend in estimated biomass of age 1 Greenland halibut in the offshore and inshore
areas combinedwas generally increasing from 1988 to 2003, followed by a decline to 2010 and since then the
index has been variable with series high values observed in 2011, 2013 and 2017 (Fig. 1.6).

Length distribution in surveyslength frequencies in the Div. 0ASouth survey are variable across years,
sometimes with multiple modes (e.g27 cm and 45 cm in 2017). A trend to increased numbers of larger fish
was observed in Div. 0ASouth from 1999 to 2004 and 2008 to 2014. Length frequencies for the Div. 1CD
survey havea greater proportion of fish at larger sizes and the length distribution has been dominated by a
mode at 51cm since 2006, an increase from a mode of 45 cm observed in 2000.

State of the StockThe combined Div. OA + Divs. 1CD biomass index remains ab®i@. The index was
relatively stable until 2014 then increased between 2014 and 2016. The decline observed in 2017 is a result
of a decline in the OASouth survey biomass. Recruitment has been increasing in recent years, and in 2017
was one of the highesin the time series.
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Fig. 1.5. Greenland halibut in Subarea 0 + Div. 1A (offshore) and Div. -EB Biomass trends in Div.
0A-South and Div. 1CD and the proxy fdim.
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Fig. 1.6. Greenland halibut in Subarea 0 + Div. 1A (offshore) and Div. 4B recruitment index at
age 1 derived from he Greenland Shrimp and Fish Survey.

Abundance at age 1 index

e) Precautionary Reference Points

Age-based or production models were not available for estimation of precautionary reference points. In 2014
a preliminary proxy for Bim was set as 30% of the mean for the combined 68outh + Div. 1CD survey
biomass index for years 1999 to 2012 (Fig. 3).

The next full assessment of this stock isxpected to be in2020.

f) Recommendations:

In 2017 STACFISecommended that for Greenland halibut in SAO + Div. 1A (offshore) and-RBy-catch in
Div. 0B should be estimated based on survey data and compardktdy-catch estimated by observers in order
to evaluate of the estimation of bgatch in Div. 1CD based on surveys

STATUS: No progress in 2017 and will not be carried forward in 2018.

In 2018 STACFISecommended that the CPUE data be explored and then@ral Linear Model examined to
better understand the observed trends.
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2. Greenland halibut Div . 1A inshore.

(SCR Doc. 18/023 032 035 SCS Doc. 18/10)

a) Introduction

The fishery in Division 1A inshore mainly takes place in the Disko Bay, the Uummannagq fjord and the Fjords
surrounding Upernavik, besides a small developing fishery in the Qaanaaq fjorthe stocks are believed to
depend on recruits from the offshore stock and adultsare considered isolated from the stocks in Davis Strait
and Baffin Bay Advice is given for each of the three main areas on a twear basis and a separate TAC is set
for each areaThe assessment is qualitative in all three areas. In the DislBay, an index based harvest control
rule was accepted as the basis for TAC advice in 2016.

i) Catch history

The inshore fishery for Greenland halibut developed in the beginning of the twentieth century, with the
introduction of the longline to Greenland in1910. Catches remained at a lower level until the 1980s, but
increased substantially thereafter. The fishery is conducted mainly with longlines and gillnets from small
vessels, open boats and through holes in the sea ice during the winter months. Quotaulagons were

introduced as a shared quota for all vessels in 2008.

for vessels and shared quota for smal/l open boats.
areas within each subareaand in these areas, catches were not drawn from the total quota, although still
included in landing statistics. Sorting grids have been mandatory since 2002 in the offshore shrimp fishery in
West Greenland and in the inshore areas from 2011. In 2017, mesize in gillnets were reduced to 95mm half
mesh. Besides the three main areas, a fishery is slowly developing in the Qaanaaq fjord égreesNorth)

since 2011.

Disko Bay: Catchesncreasedin the 1980s, peaked from 2004 to 2006 at more than 12 000kut then decreased
substantially. From 2009, catches gradually increased and reached 10 760 t in 2016, before decreasing to 6409t
in 2017 (Table 2.1 and fig 2.1).

Uummannagq: Catches in the Uummannagq fjord grdually increased from the 198@ reaching 8425 in1999,
but then decreased and remained between 5000 and 6000 t from 2002 to 2009. After 2009 catches gradually
increased reaching 10 305 t in 2016. In 2017, 9049 t were caught in the ar€Bable 2.1 and fig 2.1).

Upernavik : Catches increased from the mid 280s and peaked in 1998 at a level of 7 000 t. Landings then
decreased sharply, but during the past 15 yearshey have gradually returned to the higler level. Average
catch in themost recent 5 yearshas been6 800 t (Table 2.1 and fig 2.1).

Recentcat hes and advice (000 t) are as foll ows:
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Disko Bay — TAC 8.8 8.8 8.0 8.0 9.0 9.0 9.2 9.7 9.2 9.2
Disko Bay - Catch 6.3 85 8.00 7.8 9.1 9.2 8.7 10.8 6.4
Uummannagq - TAC 5.0 5.0 6.0 6.0 75 84 9.5 9.6 9.5 9.5
Uummannagq - Catch 55 6.2 6.4 6.1 7.0 8.2 8.2 10.3 9.1
Upernavik - TAC 5.0 6.0 6.5 6.5 8.0 9.5 9.5 9.6 9.5 9.5
Upernavik - Catch 6.5 5.9 6.5 6.8 6.0 7.4 6.3 7.4 6.8
Qaanaagq - Catch 0.0 01 0.0 0.1 0.1 0.1 0.2
STACFIS Total 18.3 20.6 209 208 22.1 249 23.3 28.6 225
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Fig 2.1. Greenland halibut in Division 1A inshore:Greenland halibut catches and TAC in t in
Disko Bay, Uummannaq and Upernavik.

b) Data overview
i) Commercial fishery data

Length frequencies from factory landings are available since 1993. These data were used to calcutae
mean length in the landings by season, gear and a year overall mean accounting for season, gear and area (fig
2.2).

In the Disko Bay, mean length in the landings gradually decreased for more than a decade in both the winter
and summer longline fishery and in the overall mean length weighted by gear and fishing ground. Glacier ice
limits the access to the deep areas of the Ilulissat Icefjord (Kangiduring the summer, causing the difference
between the summer and winter fishery mean length. However, in most years total catch from Kangia is
between 510% of the total catch.The increase in mean length inthe winter fishery in the last two years is
due to access to the deep areas of the llulissat Icefjord as a result of less glacier ice. Furthermtre,length
distributions in the gillnet fishery, typically constituting 15-30% of total landings, has shiftedo smaller fish
since 2009, indicating a shift tdiner meshed (illegal) gillnets.

In Uummannag, the length distributions in the commercial landings have gradually decreased since 1993, but
at a higher rate in the recent years. Since there is littidifference between summer and winter fishing grounds,
only small differences in the summer and winter length distributions are observed. Few incidents of use of
fine meshed gillnets has been observed and the mean length in the gillnet landings remain high. The decrease
observed in the gillnet landings in 2018could be related to the lowering of the minimum mesh size to 95
mm.

In Upernavik, the mean length in the commercial landings decreased from 1993 to 1998. From 1999 to 2009,
the mean length in the longline fishery remained constant, but has since then deased further. The mean
length in the gillnet fishery has also gradually been decreasing in recent years which could besides changes in
the stock, also be due to increased use iiégal finer mesh gillnets (80mm) or the lowered minimum mesh size

in the commercial gillnetsto 95mm.
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Fig. 2.2.  Greenland halibut in Division 1A inshoremeanlength in landings from longline fishery
by season (summer and winter) and overall mean taking account of fishing ground,
season and gear.

Catch numbers Although catch in tonnes decreased in the Disko Bay in 2016, estimated catch in numbers are
still at the level of the previous high catches (fig 2.3). In both Uummannaq and Upernavik, current catch in
numbers are at a record high level in recent years.
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Fig. 2.3.  Greenland halibut in Division 1A inshore: Greenland halibut catch in million individuals

CPUE index based on logbooks. Logbooks have been mandatory for vessels larger than 30since 2008.A
general linear model (GLM) with year, month and boat as factors was applied fib the longline and gillnet
logCPUEavailable. Due to uncertainty abotimesh size, the Gillnet CPUE was not used in the assessment. Only
longline setting with more than 200 hooks were included to omit obvious outlier values and limit the
influence of data potential errors on the analysis. CPUE observations were {t/gnsformed prior to the GLM
analysis. Leastmean square estimates were used as standardized CPUE series. (Fig 2.4).

In the Disko Bay, the standardized CPUE series show a decreasing trend since 2009, and a substantial
decrease in 2017.

In Uummannaq, the initial years (2008-2010) were based on fewer observations. From 2011, the CPUE
index decreased slightly but a sharp decrease in CPU&s observed in 2017 to the lowest value observed.

In Upernavik, The GLM model CPUE reveal a gradual decreasing ERMth the most recent 3 years being
among the lowest observed
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Fig2.4 Standardized mean and 95% CI of longline CPUE in Disko bay (left), Uummannaq
(center) and Upernavik (right).

i) Research survey data

The Greenland shrimp and fish survey (NAFO Div. A-F from 100 to 600 m)also covers the Disko bay.
Separate abundance and biomass indices and length frequencies has been calculated for the Disko bay part of
the survey (fig 2.5).

The Disko Bay part of Greenland Shrimp and Fish Survey indicatad increasing abundancerend during the
1990s and high abundances (mainly age 1) were found from 1998 to 2005. After 2006, the abundance indices
returned to the lower levels with the exception of the high abundances identified in 2011 and 2013.

Arecruitment index was estimatedusing the Petersen method

The index reveals high recruitment in the Disko Bay in 2011 and 2013 and in the nearby offshore area in
2017. Although recruitment seems to vary from year to year, this does not seem to be the ead age two or
three. There is weak correlation between age one and older ages in subsequent years.

The biomass indices in the trawl survey indicate
increase observed in 2003 and 2004. After the geachange in 2005, the biomass index has been in a
decreasing trend with the lowest values found in the most recent 4 years.
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Fig 2.5. Greenland halibut in Division 1A inshore:Abundance and biomass indices in the Disko

bay from the Greenland Shrimp Fisttrawl survey.

Gillnet surveys were originally designed to target pre fishery recruits at lengths from 35%5 cm. Since the
survey uses gillnets with narrow selection curves and normally catches the same sized fish, but in varying
numbers, there is little difference between the trends of the CPUE and NPUE indices.

The Disko Bay gillnet survey indicated low levels of prefishery recruits in 2006 and 2007, but returned to
above average levels in 2008 to 2011 (fig 2.6). Since 2013, the Gillnet survey NPUE andECRas gradually
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decreased and remained belovaveragelevels in the most recent 4 years. The apparent correlation between
the gillnet survey NPUE and the number of Greenland halibut larger than 35 cm in the trawl survey implies a
level of agreement betweerthe surveys, although both surveys show large year to year variatiod larger
mesh sizeadded in 2016 did not impact the overall length distribution in the Disko bay, indicating few larger
individuals in the surveyed area (5570 cm)

The Uummannagq gillnet survey was performed using the same method and setup as in the Disko Bayjt I6

not possible to draw any conclusions about the trends in the survegue to a low number of stations prior to
2015. The number of fish caught in the Uummannaq survey is high and the individual sizes are much larger
than the Disko Bay and therefore the CPUE is about 2.5 times as high as observed in the Disko Bay (fig 2.7).
The size distribution in the survey reveals fewer fishery in the range 3@0 cm but far more fish in the range

40-70cm. A larger mesh sizeadded in 2016 caught high numbers of Greenland halibut in the size range-39
cm in Uummannag.

The Upernavik gillnet survey was performed using the same method and setup as in the Disko Bahe
CPUE over the recent Jears was almost twice as high as observed in the Disko Bay (fig 2.8). dtength
distributions indicated the presence of prefishery recruits of 30-40 cm comparable to the levels observed in

the Disko BayA larger mesh sizeadded in 2016 caight some larger Greenland halibut in the size range 5%5
cm in Upernavik.
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Fig 2.6. Greenland halibut in Division 1A inshore: Gillnet survey CPUE and NPUESHE.
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Fig 2.8. Greenland halibut in Division 1A inshore: Gillnet survey CPUE and NPUESHE.

iii) Biological studies

From on 221 females collected in Uummannaq in 2018ength at 50% maurity (L so0) for females, was
estimated to 77 cm (visual inspection as described in WKBUT 2013). This is similar to the other studies in
fiords in East Greenland and larger than females from offshore areas (Gundersen et al. 2013).

iv) Environmental studies

Deeper water bottom temperatures have been measured in surveys since 1991. A temperature increase from
1 C to 23 degrees occurred in 1997 along the west coast of Greenland and inside the Disko Bay. The
temperature increase has been related to both glaciercaeleration and increased growth of onegear-old
Greenland halibut. Since 1997, bottom temperatures have remained stable at a level of 2 t8C3in the Disko
Bay.

c) Assessment results:

Age based analysis are not available for these stock due to the challemgoncerningage determination for
Greenland halibut. Therefore, the assessmentsere based on survey biomass index in the Disko Bay and
commercial data in Uummannaq and Upernavik.

Assessmentlo analytical assessment could be performefr any of the stocks
Disko Bay

Biomass: CPUEIs used as an index of biomass andab gradually decreased and remained below average
levels in the most recent3-5 years. The trawl survey biomass indexhas gradually decreasedince 2005 with
the lowest values found in the most recent 4 years.

Fishing mortality : Unknown

Recruitment: The recruitment index of age one Greenland halibut has variable in recent years with series
high values observed in 2011 and 2013 and in the neby offshore area in 2017.However, there is weak
correlation between age one and older ages in subsequent yeafmhe trawl survey indicates a steady high
supply of recruits to the area and the gillnet survey indicates an annual presence of giighery recruits (30-
40 cm) in the Disko Bay.

State of the stock: Length in the landings has gradually decreasedver 10 to 15 years In spite of the 2017
reduction in catch, the number of fish landed remains highithe Gillnet survey CPUE has gradually decreased
and remained below average levels in the most recer3-5 years. The trawl survey biomass indexhas
gradually decreasedsince 2005 with the lowest values found in the most recent 4 yearsthe commercial
CPUHor longline vessels has more than halved since 200®ecruits are mainly received from offshore stocks
and recruitment remains high.
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Uummannaq:

Biomass: Unknown.
Fishing mortality: Unknown.

Recruitment: The recruitment index of age one Greenland hdlut has been high in the nearby offshore areas
in 2011, 2013 and 2017. The size distribution in the gillnet survey findsome prefishery recruits in the 30-
40 cmsize range

State of the stock:

The catch intons and in number of fish has been record higin 2016 and 2017.The gillnet survey CPUE
showed considerable numbers in the interval40-70 cm. Meanlength in the landingshasgradually decreased
particularly in the recent 3 years. From 2011, the standardizedcommercial longline CPUE index decreased
gradually, with 2017 the lowestlevel observed in the time series.

Upernavik:

Biomass: Unknown.
Fishing mortality: Unknown.

Recruitment: The recruitment index of age one Greenland halibut has gradually been decreasingdimision
1AN, westof the Upernavik area The gillnet survey reveals preishery recruits in the 30-40 cm size range at

a level comparable to the Disko Bay.

State of the stock: The catch intons and in number of fish has been record high since 201%he gillnet survey
CPUE showedish in the size range 8-65 cm. Mean length in the landings decreased irthe 1990s, but
stabilized from 1999 to 2009. Since hen length in the landings havedecreased further to 56-58 cm. The
standardized longline CPUE index reveal a gradual decreasing CPUE with the most recent 3 years being
among the lowest observed.

The next assessment is planned for 2020.

3. Roundnose Grenadier (Coryphaenoides rupestris) in SAs 0 and 1 (no update)

4. Demersal Redfish ( Sebastesspp.) in SA 1
Interim Monitoring Report (SCR Doc. 88/12, 96/36, 07/88, 17/039, 18/032; SCS Doc. 18/10)
a) Introduction

There are two demersal redfish species of commercial importance in subarea 1, goldedfish (Sebastes
Norvegicug and demersal deepsea redfish Sebastes mentel)aConnectivity to other redfish stocks off East
Greenland, Irminger Sea and Iceland is unclear. Survey data reveal an almost continuous distribution of both
species from East Ggenland to West Greenland. Historic catches however suggests decade long
concentrations of redfish in both areas.

i) Fisheries and Catches

Both redfish species are included in the catch statistics, since no specg®ecific data are available. Greenland
operates the quota uptake by categorising the catches in three types of redfish: 1) fish caught by bottom trawl
and longlines on the bottom are consideredSebastes Norvegicu®), fish caught pelagic are considered
Sebastes mentelland 3) fish caught as bycatch in the shrimp fishery are namedSebastes sg-rom offshore
and inshore surveys in West Greenland, it is known that the demersal redfish on the shelf and in the fjords are
a mixture of S. marinusand S. mentella

The fishery targeting demersal redfishm SA1 increased during the 1950s and peaked in 1962 at more than
60 000 t. Catches then decreased and have remained below 1 000 tons per year after 1986 with few
exceptions. However, catches are highly uncertain with evidence of cod being misreported aslfieh and
other species in the 1970s, and bygatches of redfish in the shrimp fishery not appearing in official statistics

in some years. Bycatch of redfish was estimated to be more than 14 000 t in 1988 and 4 000 t in 1994. To
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reduce the amount of fish t&en in the trawl fishery targeting shrimp, sorting grids have been used since
2002. In 2017, 65 t was reported as byatch in offshore fisheries (1 tons from shrimp trawlers) and 157 t
was taken inshore mainly as a bycatch in cod and Greenland halibut fesfes (Fig 4.1).

Recent catches (000 tons) are as foll ows:
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
TAC 1 1 1 1 1 1 1 1 1 1
STATLANT 21 0 0 02 01 02 03 02 0.2 0.2
STACFIS 04 03 02 02 02 02 03 02 0.2
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60 r — TOTAL
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Fig. 4.1. Demersal redfish in Subarea 1: catches and TAC.

b) Data overview
i) Commercial fisheries

Mean length of golden redfish catches from sampling of EGermany commercial catches during 19620
revealed significant mean size reductions from 45 to 35 cm across the tévseries. There are no data available
to estimate the size composition of catches of deegea redfish. Since redfish are currently taken as bycatch
and landed in small amounts, no data of recent size composition in the landings are available. Logbooks and
factory landings data were available.

i) Research surveys

There are three ongoing surveys covering the demersal redfish stocks in Subarea 1. The@many survey
(Walther Herwig 1ll, 0-400m, NAFO 1€, ICES X1V, since 1992), the Greenland desgasurvey (Pamiut, 406
1500m, NAFO 1CD since 1998) and the Greenland shrimp and fish survey (Pamiug0@m, NAFO 1AF, since
1992 (SFW), ICES XIV since 2007 (SFE)). The Greenland shrimp and fish survey and has a more appropriate
depth and geographical coverge in regards to redfish distribution, and covers the important nursery areas in

1B. However, no separation of redfish species was made prior to 2006 and the gear was changed in 2005 in
the survey, thus breaking the index. In 2017, the EGermany survey ha few stations in West Greenland and

the index is not updated. Besides the recent surveys, a joint Greenladdpan survey (Shinkai Maru;1500m,
NAFO 1BD, 19871995) existed with somewhat overlapping the areas and depths as the present Greenland
deep-seasurvey.
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Golden redfish ( Sebastes Norvegicug

The EU-Germany survey biomass index (1GF) decreased in the 1980s and was at a very low level in the
1990s (fig 4.2). However, the survey has revealed increasing biomass indices of Golden redfish (>17cm) since
2004 and the 2015 index reached the highest level observed since 1986. The survey had low coverage in both
2016 and 2017 (only 7 tows in 2017).The Greenland shrimp and fish survey biomass index for golden
redfish increased substantially since 2011 (fig £). The peaks observed in 2016 are caused by few single
hauls accounting for most of the year’'s esti mate;
haul in division 1E consisting of large Golden redfish at lengths between 45 and 70 cmisltvas not the case

in 2017 and the index returned to lower levels.

Demersal deep-sea redfish (Sebastes mentella)

The EU-Germany survey biomass index has fluctuated at a low level throughout the time series (Fig 4.3).
The fluctuating trend is likely caused by poor overlap with the depth distribution of adult deejsea redfish.
The Greenland-Japan survey biomass index gradually decreased &ém 1987 to 1995 when the survey ended
(Fig 4.3). The Greenland deep-sea survey (1CD) indices were at a low level from 1997 to 2007, but the
biomass index remained at a higher level since 2008 (Fig 4.3).hd Greenland shrimp and fish survey
biomass index br deep-sea redfish steadily increased after 2006 and the 2016 indices were among the
highest observed (Fig 4.3). However, the high 2016 biomass index was caused by a single haul in division 1D
of large redfish between 25 and 40 cm. In 2017, there were rsuch large hauls in the survey and the index
returned to lower levels.

Juvenile redfish (both species combined)

The EU-Germany survey regularly found juvenile redfish from 1984 to 2000. After 2000, the abundance of
juvenile redfish have decreased to a lo level and has remained low since then (Fig 4.3Yhe Greenland
shrimp and fish survey initially had high levels of juvenile redfish in the survey and the total abundance of
both species combined can be regarded as a recruitment index. From 1992 to 1988jh numbers of redfish
recruits were observed annually, but the index gradually decreased and remained low until 2004. After the
gear change in 2005, the abundance index gradually decreased (Fig 4.3). Length distributions reveal that the
increase in survegy biomass observed in 2016 is primarily large mature redfish and not recruits. Length
distributions also reveal that since 2011, virtually no new incoming year classes have been observed in West
Greenland. Data from the Greenland Shrimp and fish surveyiast Greenland, which could potentially supply
West Greenland with recruits (as known for other species such as Atlantic Cod and Haddock) reveal that new
significant incoming year classes of redfish have not been observed since 2010.
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Fig. 4.2.  Golden redfish biomass indices in the EtGermany survey (1GF) and the Greenland
shrimp and fish survey (1AF).
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Fig. 4.3. Demersal deepsea redfish survey biomass from the Greenland shrimp and fish survey
(1A-F), the Greenland deegsea survey (1CD), the El@®ermany survey (1GF) and the
GreenlandJapan survey (1BD).
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Fig. 4.4.  Juvenile redfish abundance indices (deepea redfish and golden redfish) for the EU
Germany survey (1GF), and the Greenland shrimp and fish survey (L&, all sizes).

¢) Conclusion
Golden redfish - Sebastes Norvegicus

The stock was assessed in 2017 for the 2018020 peri od and current advice 1is

the updated indices there is no basis to change the advice as the biomass remains far below historic levels
and recruitment has been at a low level for years.

Northwest Atlantic Fisheries Organization www.nafo.int



STACFISO1 —14 June 20B 145

Deep-sea redfish - Sebastes mentella

The stock was assessed in 2017 forthe 2018020 peri od and current advice 1is
the updated indices there is no basis to change the advice. Although the biomass in the surveys have been
higher in recent years recruitment remains &a very low level.

The next assessment is planned for 2020.

5. Other Finfish in SA1

Before 2012, Denmark (on behalf of Greenland) requested advice for Atlantic wolffish, spotted wolffish,
American plaice and thorny skatdiinf ishar dowkevemder hteh
and 2013 no longer use this term, but strictly requests advice by species, and no longer requests advice for

thorny skate. Therefore, the STACFIS report has been updated and advice for Atlantic wolffish, spotted

wolffish and American plaice can now be found under their common names in section 5a and 5b.

5a. Wolffish in Subarea 1
(SCR Doc. 80/VI/72, 77, 96/036, 07/88, 17/036, 18/032; SCS Doc. 18/10)
a) Introduction

Three species of wolffish are common in Greenland. Only Atlantic wolffisiAfarhichas lupu¥ and spotted
wolffish (Anarhichas minoj are of commercial interest, whereas Ndhern wolffish ( Anarhichas denticulatuyis

an unwanted bycatch. Atlantic wolffish has a more southern distribution and seems more connected to the
offshore banks and the coastal areas. Spotted wolffish can be found further north and both inshore anduffe

but is the dominant species in the coastal areas and inside the fjords. Atlantic wolfish has a shallower depth
distribution (0 -400 m) than spotted wolffish (0-600 m).

i) Fisheries and catches.

Wolffish are mostly taken as a bycatch in other fisheriesnd directed fishery mostly occurs when access to more
economically interesting species are limited. Although spotted wolffish and Atlantic wolffish are easily
distinguishable from one another, the two species are rarely separated in catch statistics. Tbemmercial
fishery for wolffish in West Greenland increased during the 1950s and wolffish was initially targeted in the
coastal areas. With the failing cod fishery off West Greenland, trawlers started targeting Atlantic wolffish on the
banks off West Grenland and from 19741976 reported landings from trawlers were around 3,000 tons per
year (Fig 5a.1). After 1980, the cod fishery gradually decreased in West Greenland and catches of wolffish also
decreased during this period.To minimize by-catch in the $irimp fishery, offshore trawlers targeting shrimp
have been equipped with grid separators since 2002 and inshore (Disko Bay) trawlers since 2011. After 2014,
the reported catches have gradually decreased. In 20lihshore landings of wolffish decreased t456 tons and
offshore reported catches increased to 82 t mainly taken as bycatch in cod fishery in 1D and 1E.

Recent nominal catches (000 tons) for Atlantic wolffish and Spotted wolffish.

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Atlantic wolffish TAC 1.0 1.0 1.0 1.0
Spotted wolffish TAC 1.0 1.03 1.0 0.9
Wolffish TAC 1 1 1 1 1 1 2.0 2.0 2.0 1.8
STATLANT 21 0.1 0.0 0.8 1.0 0.9 0.9 0.4 0.2 0.2
STACFIS 1.2 1.3 0.8 1.0 0.9 0.9 0.4 0.2 0.2
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Fig 5.1. Wolffish in Subarea 1: Catches and TACs for Atlantic wolffish and spotted wolffish
combined from 1945 to 2017.

b) Input data
i) Research survey data

There are two surveys partly covering the stocks of Atlantic wolffish and spotted wolffish in subarea The
EU-Germany survey (RV Walther Herwig 1ll, 8100m, NAFO 1¢F, ICES XIV, since 1982) has a longer time
series but only covers the southern part of te West Greenland shelf. The Greenland shrimp and fish survey
(RV Pamiut, 6600m, NAFO 1AF, since 1992, ICES XIV since 2007) covers a larger geographical area and
depth range. The Greenland shrimp and fish survey has a more appropriate geographical coveragrelation

to wolffish, although none covers the main inshore fishing areas. Both surveys covers the main depth
distribution of wolffish. The gear was changed in the Greenland shrimp and fish survey in 2005, thus
interrupting the survey index. The EUGamany survey had very few stations in 2017 and the index has not
been updated. Both species are common in the fjords and the coastal areas and it seems unlikely that any of
the surveys fully covers the distribution of either wolffish species.

Atlantic wolf fish:

The EU-Germany survey biomass index decreased significantly in the 1980s (Fig. 5.2). From 2002 to 2005
biomass indices increased to above average levels, but thereafter returned to the low levels observed during
the 1990s.

Abundance indices in theEU-Germany survey decreased after 1982, but were at a stable and perhaps slightly
increasing level until 2005. After 2005 abundance indices in this survey decreased to below average levels.
The decrease observed after 2005 may be related to changes in teveyed area(Fig 5.2).

The Greenland shrimp and fish survey biomass indices were at low levels during the 1990s, but increased
slightly from 2002 and until the gear change in 2004. After 2005, the biomass index increases further in the
Greenland shrimp and fish survey (Fig 5.2). Abundance indices in the Greenland shrimp and fish survey
increased until the gear change in 2004 (Fig 5.2). The increasing abundance indices in the Greenland shrimp
and fish survey is observed in division 1A, and therefore norh of the EUGermany survey area.

Spotted wolffish:

The EU-Germany survey biomass index decreased from 1982 and were at low levels during the 1990s (Fig

5.3). After 2002, the survey biomass increased and the recent indices are at the level observed in the
beginning of the 1980’'s. Although highly variable, the
1990s (Fig 5.3).
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The Greenland shrimp and fish survey biomass index, were at low levels during the 1990s, but increased
from 2002. After the gear change in 2005, survey biomass has increased substantially (Fig 5.3). The
abundance index gradually increased both before and after the gear change and the indices seems well

connected. (Fig 5.3).
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Fig. 5.3.

c) Conclusion
Atlantic wolffish

The most recent advice is that there should be no directed fishenartgeting Atlantic wolffish in Subarea 1,
since the biomass indices of the ElGermany survey are far below the initial values. Although the Greenland
shrimp and fish survey index is increasing, there is no major change in the perception of the stock.

Spotted wolffish

This stock underwent full assessment in 2017. The ICES Harvest Control Rule 3.2 for data limited stocks
combined with the survey index from the Greenland shrimp and fish survey has been used to formulate the
advice since 2017. Although the swey indices were increasing, the advice was reduced to 975 t, after
applying a first year precautionary buffer. As both abundance and biomass indices remain high, there is no
major change in the perception of the stock.

The next assessment is planned f&020.
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B. STOCKS ON THE FLEMISH CAP: SAND DIV. 3M

Recent Conditions in Ocean Climate and Lower Trophic Levels

1 Ocean climate composite index in SA3 Flemish Cap continue to remain below normal since
2014. The large negative anomalies observed 2014-2016 are comparable with the previous
cold period duringtheearlymi d 1990’ s. Conditi ons moder at

1 Total production of the spring bloom (magnitude) on the Flemish Cap has remained belo
normal in 2017 for a third consecutive yea The timing of the spring bloom was delayed in
2017 transitioning from predominately early onset since 2012 compared to the referencs
period.

1 The zooplankton abundance index has remained above normal since 2010 but biomass W
below normal for a third consecutive year since a recordow observed in 2015.
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NAFO 3LM (Flemish Cap) Zooplankton Abundance Index
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Fig. B1. Composite environmental index for NAFO Div. 3M derived from meteorological and
physical oceanographic (water temperature, and salinity) conditions during 1992017
(top panel). Phytoplankton spring bloom magnitude (2nd panel) and peak timing (3rd
panel) in NAFO Div. 3LM during 1998017. Composite zooplankton abundance index
derived from copepod (total copepods, Calanus finmarchicus, Pseucalanus spp.) and
non-copepod abundances (4th pang and zooplankton biomass anomaly (5th panel) in
NAFO Div. 3LM during 1992017. Positive/negative anomalies indicate conditions
above/below (or late/early timing) the long -term average for the reference period. All
anomalies are mean standardized anomwl calculated using the following reference
periods: climate index: 19812010; phytoplankton indices (magnitude and peak timing):
1998-2015; zooplankton (abundance and biomass) indices: 1992015.

Environmental Overview

The water masses characteristic ofte Flemish Cap area are a mixture of Labrador Current Slope Water and
North Atlantic Current Water, generally warmer and saltier than the suipolar Newfoundland Shelf waters
with a temperature range of 340C and salinities in the range of 384.75. The geeral circulation in the
vicinity of the Flemish Cap consists of the offshore branch of the Labrador Current which flows through the
Flemish Pass on the Grand Bank side and a jet that flows eastward north of the Cap and then southward east
of the Cap. To tk south, the Gulf Stream flows to the northeast to form the North Atlantic Current and
influences waters around the southern areas of the Cap. In the absence of strong wind forcing the circulation
over the central Flemish Cap is dominated by a topographilta induced anti-cyclonic (clockwise) gyre.
Variation in the abiotic environment is thought to influence the distribution and biological production of
Newfoundland and Labrador Shelf and Slope waters, given the overlap between arctic, boreal, and temperate
species. The elevated temperatures on the Cap as a result of relatively-itee conditions, may allow longer
growing seasons and permit higher rates of productivity of fish and invertebrates on a physiological basis
compared to cooler conditions prevailng on the Grand Banks and along the western Slope waters. The
entrainment of North Atlantic Current water around the Flemish Cap, rich in inorganic dissolved nutrients
generally supports higher primary and secondary production compared with the adjacent &lf waters. The
stability of this circulation pattern may also influence the retention of ichthyoplankton on the bank which
may influence yearclass strength of various fish and invertebrate species.
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Ocean Climate and Ecosystem Indicators

The composite climate index in Subarea 3 (Div. 3M) has remained above normal since the fiid® 9 0’ s
although the index has declined sequentially since 2013 reaching a 32ar record-low in 2015. The
composite index remained below normal in 2016 but moderated tqust slightly below normal in 2017 (Figure

1, top panel). Spring bloom total production (magnitude) reached a recortigh in 2010 but has remained
near or below normal since 2012 (Figure 1, 2nd panel). Spring bloom peak timing was delayed in 2017 after
five years of mostly early blooms (Figure 1, 3rd panel). The composite zooplankton abundance index
decreased in 2017 after reaching a record high in 2016, but has remained above normal since 2010 (Figure 1,
4th panel). Zooplankton biomass was below normal i2017 for a third consecutive year since a recordow
observed in 2015 (Figure 1 5th panel). This represents a severe decline in zooplankton biomass after thirteen
years (2002-2014) of mostly above normal conditions. In 2017 temperature and salinity conditins returned

to near-normal values over most of the water column except in the neaurface layer where temperature
values remained below normal including a significant layer of CIL water with T<3°C. Near surface values were
about 1 SD below normal and athe bottom they were about normal. Current measurements showed a very
dynamic circulation pattern in 2015 with record high southward flowing LC water over the Cap but in 2017
the circulation pattern was dominated by a weak incoherent anticyclonic flow witha general northward flow
through 47° N.
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6. Cod 3M (Gadus morhua) in Div . 3M
(SCSs Dod8/05, 18/0 7, 18/0 8, 18/09, 18/13, 18/14, 18/18 and SCHR5/73, 18/08, 18/ 38)
a) Introduction

The cod fishery on Flemish Cap has traditionally been a directed fishery by Portuguese trawlers and
gillnetters, Spanish pairtrawlers and Faroese longliners. Cod has also been taken as bycatch in the directed
redfish fishery by Portuguese trawlers. Estimged bycatch in shrimp fisheries is low. Large numbers of small
fish were caught by the trawl fishery in the past, particularly during 19921994. Total annual atchesfrom
1996 to 2010 were very small compared with previous years.

The mean reported catch wa 32 000 tfrom 1963 to 1979 with high inter annual variability . Reported catches
declined after 1980, when a TAC of 13 000 t was established, but Scientific Council regularly expressed its
concern about the reliability of some catches reported in the pesd since 1963, particularly those since 1980.
Alternative estimates of the annual total catch since 1988 were made available in 1995 (Fig. 6.1), including
non-reported catches and catches from noi€ontracting Parties.

Catches exceeded the TAC from 1988 994, but were below the TAC from 1995 to 1998. In 1999 the
directed fishery was closed and catches were estimated in that year as 353 t, most of them taken by -non
Contracting Parties according to Canadian Surveillance report§leets of non-Contacting Paties did not
participate in the fishery since 2000.Annual bycatches between 2000 an®005 were estimated to be below
60 t, increasing to 339 and 345 t in 2006 and 2007, respectively. In 2008 and 2009 catches increased to 889
and 1 161 t, respectively. From the reopening of the fishery in 2010, catches increased until 2013 to the TAC
value, and remained at this level since.

In 2018 a 3M cod benchmark meeting was held by the Scientific Council. Changes in the input data and in the
model assessment were maddnput data were reviewed and the initial year was changed from 1972 to 1988.
As a result of this change, the Canadian survey is no longer incorporated as tuning in the assessment. A
Bayesian SCAA was approved as the basis of the assessment replacingBngesian XSA usetb assess the
stock between 1988and 2017.

Recent catches ('000 tons) are as follow:

,000 tons 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
TAC ndf 55 10.0 9.3 141 14.5 13.8 13.9 13.9 111
STATLANT 21 1.2 52 10.0 9.1 135 144 12.8 13.8 13.9
STACFIS 1.2 9.3 12.8 12.8 14.0 14.3 13.8 14.0 13.9

ndf No directed fishery

Northwest Atlantic Fisheries Organization www.nafo.int



152 STACFISO1 —14 June 20B

60
« TAC
50 Catch
A
& 40
o
o
;C_), 30
g
'—
= 20
[=}
©
@]

IRy
o

0 alaly Babebed sbolody doduly Dubobod odododedobulodobodgiatalals taloledalsl Slalelalaly Lilaily Lalaledalaly
1963 1968 1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
Year
Fig. 6.1. Cod in Division 3M: STACFIS catches and TAC.

b) Data Overview
i) Research survey data

Canadian survey. Canada conducted research surveys on Flemish Cap from 1978 to 1985 on board the R/V
Gadus Atlanticafishing with a lined Engels 145 otter trawl. The surveys were conducted annually in January
February covering depths between 130 and 728 m.

From a high alue in 1978, a general decrease in biomass and abundance can be seen until 1985, reaching the
lowest level in 1982 (Fig. 6.2).

EU survey. The EU Flemish Cap survey has been conducted since 1988 in summer wittofotengear type.
The survey indices showed a general decline in biomass going from a peak value in 1989 to the lowest
observed level in 2003. Biomass index increased from 2004 014, and has decreased since. The growth of
the strong year classes since 2005 contributed to the increase in the biomaggundance rapidly increased
between 2005 and 2011, decreasing since 2012. Thdifference in timing of the peaks in biomass and
abundance over 20112017 is driven by the very large 2009 and 2010 year classes.
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Fig. 6.2.  Cod in Division 3M: Survey abundance and biomass estimates from Canadian survey
(1978-1985) and EUFlemish Cap survey (1988017).
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i) Recruitment

The recruitment index (age 1) from the Canadian surveywas estimated at low levels except for 1982 and
1983. After several series of above average recruitments during 1988992, the EU Flemish Cap survey
indicates poor recruitments during 1996-2004, even obtainingan observed zep value in 2002. From 2005 to
2012 increased recruitments were observedin particular, the age 1 index in 2011 is by far the largest in the
EU series (Fig. &; note that the level of both surveys is different in the two jaxis). From 2013 the

recruitment index dropped to a level similar to the beginning of the recovery of the stockbeing in 2016
among the lowest levels observed in the series.
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Cod in Division 3M: Number at age 1 in the Canadian survey (191885) and EU survey
(1988-2017).

Fig. 6.3.

iii) Fishery data

In 2017 nine countries fished cod in Div. 3M, trawlers from EEstonia, EUPortugal, EUSpain, EUUK, Japan,
Norway and Russia and longliners from Faroe Islands and USA.

Length and age compositions from the commercial catches amvailable from 1972 to 2017 with the
exception of the 2002 to 2005 period. Since 2010, length informatiowas available for the major participants

in the fishery.In 2017 there were length distributions from EUEstonia, EUPortugal, EUSpain, Faroe Islands
and Russia (Fig. 6.4). The mean in the length composition for Hdtonia was 60 cm, being 64 cm for EU
Portugal, 57 cm for EUSpain, 76 cm for the Faroese longliners and 67 cm for Russia. The mean in the total
commercial catch length distribution was 64 o with a length range of 22136 cm. Since 2013, the
commercial catch at age data has been generated using ALKs from the EU survey. In 2017, this ALK was not
available so the EU survey 2016 ALK was used. In 2017, age 6 was the most abundant in the catch.
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Fig. 6.4. Cod in Division 3M: Length distribution of the commercial catches in 2071

iv) Biological parameters

In 2017, mean weights-at age in the stockand the catchwere derived from the 2016 EU survey ALK. Mean
weight-at-age in both have been decreasing continuously since the reopening of the fishery, reaching the
minimum for ages 4 to 8 in 20152017 (Fig. 6.5 and 6.6).

Maturity ogives are available from thesurveys for almost all years between 1978 and 2017. Fahe years in
which no maturity information is available, interpolations with the surrounding years were madeThere was

a continuous decline of the A (age at which 50% of fish are mature), going frm above 5 years old in the late
1980s to just below 3 years old in 2002 and 2003. Since 2005 there has been an increase in the A
concurrently with the increase of the survey biomass, with the value in 2016 at the levels observed before
1990 (5.2 years ¢d) (Fig. 6.7).Maturity data were not available for 2017 so the maturity ogive from 2016 was
used.
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Fig. 6.5. Cod in Division 3M: Mean weightt-age in the stock for the 20162017 surveys
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Fig. 6.6. Cod in Division 3M: Mean weightt-age in the catb for 2010-2017.
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Fig. 6.7. Cod in Division 3M:Age at 50% maturity (median and 90% confidence intervalg from
Canadian survey (19781985) and EUFlemish Cap survey (188-2017). Interpolated
years are represented in white circles.

c) Estimation of Parameters

A new Bayesian SCAA model was used as the basis for the assessment of this stock for the first time. This
model was approved during the 2018 3M cod benchmark (SCS doc 18/18)obkl settings are presented in
detail in SCR 18/42. As a result of poor reliability of catch data prior to 1988 it was decided during the April
2018 benchmark that the assessmentvas conducted from 1988 to 2017. Input data and settings are as
follows:

Catch data: catch numbers and mean weight aage for 19882017, exceptfor 2002-2005, for which only total
catch is available. STACFIS estimates for total catch were used.

Tuning: numbers at age from EU Flemish Cap survey (19&917).
Ages from 1 to 8+
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Catchaility analysis dependent on stock size for age, stimated independently for ages 1 to 3 and for 4+ as

a group.

Natural Mortality: M was set via a lognormaprior constant over years and variablethrough ages. Prior
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median is based on a mean @fstimates from several methods (SC8oc. 18/18)

Maturity ogives Modelled using a Bayesian framework and estimating the years with missing data from the

years with data.
Additional priors: for recruitment in all the years, for the numberat-age for ages 2B+ in the first year, for a

year factor for F ), for selectivity (rC), and for the natural mortality.

Likelihood components for total catch, for catch numbersat-age and numbersat-age of the survey

The model componentsare defined as follows:

Input data Model component Parameters
R LN(medreg cvrer medrec=45000, cvrec=10
1988-2017
N(1988,a), Ages 27
a:2-8+ é - aa] M(age) medFsury age
LN znedian: medre@ & cv= cvsur
¢
medFsur¢ 1, ..., 7) ={0. 0001, O.
Ages 8+ cvsun=10
& - gl(M(age) +medFsury agg
& e =
LN :nedlan: medreé‘m, cv =cvsur
S
¢
f(y) Year 1988 medf0.2,cvi=4
y=1988-2017 LN(mediare medf cv= cyf
Years 19892017
LN(mediar= AR) overf c= cy
rC(y,a), a=2,8+ Year 1988 medrGa)=c(0.01,0.3,0.6,0.9,1,1,1),
1988-2017 LN (mediar= medr€ 3 cv= cvi)j cvrQa)=c(4,4,4,4,4,4)
Years 19892017 cvrCeona0.2
LN(mediar last yearrC cv= cvrCcol
Total Catch a A \ cvCW=0.077
LNgmediar= § mu€ y ade weatth, y dge ev cve
1988-2017 Q agesl
] F(y.a)
muc(y gd= N y 1 -&"?
(¥ 3= Ny afa- €)7o
Catch Numbers cv.G=0.2

at age, a=2,8+

1988-2107

LN(median= mu¢ yh o~ cv)(
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I(y) ~ LN (mediare 77{ y 3 cv=cvEY

| is the survey abundance index
g is the survey catchability at age
N is thestock abundance index
cvEU-0.3
a=0.5,8=0.58 (survey made in July)

Z is the total mortality

EU Survey
Indices (1) 5 gz g iy B
a)= e -e™"" 9
my, a) Q(a)ég\l(yé) - 3z(va 8
&~ N(mear= 1,variance= 0.25f,a =
¥ N J
i=lifa 22
log(g(a)) ~ N(mean= O, variance= !
M M ~LN(medM cvM)

MedM=c(1.26,0.65,0.44,0.35,0.30,0.27,0.24,0.24
cvM=0.15

d) Assessment Results

The results of the new Bayesian SCAA model have changed the perception of recent stimi compared to

previous assessments. The level of M is higher than that in previous assessments; this may result in higher
changes in stock abundance estimates from year to year and also in projections. Higher stock abundance is
derived from the BayesianSCAA, especially since 2010, which implies a higher level of SSB and a lower level
of F. Recruitment is estimated at very low levels over the last years, which implies that the SSB is projected to

decrease in the near future.

Total Biomass and AbundanceEstimated total biomass and abundance showed an increasing trend since
2006 until 2012, reaching a higher biomass level than before the kkapse of the stock in mid 1998. Since
then a decreasing trend can be observed, with the greater decrease obseniadabundance. The biomass
value is at the highest level of the total period biomass, but abundance is below the mean (Fig. 6.8). The total
aggregate abundance has declined in recent years asconsequence ofower recruitment since 2012 while

the strong year classes of 2009 to 2011 have grown and dominate the biomass.
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Fig. 6.8.  Cod in Div. 3M: Biomass and Abundance estimates.

Spawning stock biomasd€stimated median SSB (Fig. 6.thcreased since 2005 to the highest value of the time
seriesin 2017. Thisincrease is due to several abundant year classes. The probability of being below B20

000 t; see below, section g) in 2017 is very low (<1%).
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Fig. 6.9. Cod in Div. 3M: Median and 90% probability intervals SSB estimates. The horizontal
dashed lineis the Bim level of 20 000 t.

Recruitment After a series of recruitment failures between 1996 and 2004, values of recruitment at age 1 in
2005-2012 were higher, especially the 2011 and 2012 values. Since ZDfecruitment has been very low (Fig.
6.10).
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Fig. 6.10. Cod in Div. 3M: Recruitment (age 1) estimates and 90% probability.

Fishing mortality: F increased in 2010 with there-opening ofthe fishery although it has remained below km
(0.153) since 2000(see below, section gfFig. 611).
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Fig. 6.11. Cod in Div. 3M: kr (ages 35) estimates and 90% probability intervals. The horizontal
dashed line is the m (0.153).

Natural mortality : The posteriormedian of Mby ageestimated by the model was

Age 1 2 3 4 5 6 7 8+
Posterior 1.35 0.62 0.37 0.26 0.27 0.35 0.31 0.38

e) Retrospective analysis

A five-year retrospective analysis with the Bayesian model was conducted by eliminating successive years of
catch and survey data. Figs12 to 6.14 present the retrospective estimates for age 1 recruitment, SSB anehf
at ages 35.

Retrospective analysis shows revisions in the recruitmenmainly regarding the highest values of recruitment
in the years 2009 to 2011 but no patternsare evident in recent yeargFig. 612). There is a tendency to over
estimate SSB in recent years dhe two most abundant yearclasses are revised downwards (Fig. 6.13). There
is very little evidence of a retrospective pattern in F (Fig. 6.4
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Fig. 6.12. Cod in Div. 3M: Retrospective results for recruitment.
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Fig. 6.13. Cod in Div. 3M: Retrospective results for SSB.
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Fig. 6.14. Cod in Div. 3M: Retrospective results for average fishing mortality.

0.0

f) State of the stock

Current SSB is estimated to be well @ve Bim. However, since 2015 recruitment has been very low.

F increased in 2010 with there-opening of thefishery although it has remained below km (0.153) since 200Q
g) Reference Points

The new assessment results were used to estimate limit reference ipts. The stock recruit scatter was
examined to find an SSB below which no good recruitments have been observed (Fig. 6.15). This SSB (20 000
t) was set asBim. Fig. 6.16 shows a stocksar plot. Fim was estimated based orfFso%sprcalculated with the
2015-2017 data as 0.153This period was chosen due to the rapid change in biological parameters in the
stock.
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Fig. 6.16. Cod in Dv. 3M: StockFvar(3-5) (posterior medians) plot. Bim and Fim are plotted in the

graph.

h) Stock projections
The same method as last year was used to calculate the projections and the riStachastic projections othe
stock dynamics from 2018 to 2@1 were conducted. The variability in the input data is taken from the results

of the Bayesian assessment. Input data for the projections are as follows:

Numbers aged 2 to 8+ in 201&stimated from the assessment.
Recruitments for 2018021: Recruits per s@wner were drawn randomly from 2014-2016. The 2017 value
was omitted due to uncertainty in estimating the recruitment.

Maturity ogive for 20182021: 2016 maturity ogive.

Natural mortality for 2018-2021: 2017 natural mortality from the assessment results.

Weight-at-age in stock and weighat-age in catch for 2018021: 2017 weight-at-age.
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PR at age for 20182021: Mean of the last three years (2012017) PRs.

Foar(ages 35): Three scenarios were considered:

(Scenario )} Foar=Fim (median value = 0.153).

(Scenario 2 Foar=3/4F im (median value = 0.115).

(Scenario 3 Foar=Fstatusquo (Median value = 0.073).
All scenarios assumed that the Yield for 2018 is the established TAC (11 145 tatsquo Was established as

the mean fishing mortality over 2015-2017.

The results indicate that under all scenarios total biomass and SSB during the projected years will decrease

STACFISO1 —14 June 20B

sharply (Fig. 617 and 6.18). The probability of SSB being belowiBin 2020 is very low (<1%) in all cases. For

both Feo15-2017 and % Fim, the probability of SSB being below B i n

2021

is very |l ow

probability of being below Biim is 13% if F = km. The probability of SSB in 202@&nd 2021 being above that in

2018 is <1%.

Under 3/4 Fiim and F(2015-2017), the probability of F exceedingFim is less than or equal to 5%.

Under all scenarios, the projected Yield increases in 2019, but decreases again for 2020.

Results of the projections are summarized in the following table:

(<1 %)

B | SSB Yield
Median and 90% ClI
Foa=Fim (median=0.15)
2018 108705 (94014 - 125180) 100343 (86263- 116383) 11145
2019 95351 (80800 - 111466) 90123 (76337 - 106201) 26502
2020 51428 (40481 - 64418) 47805 (37198 - 60396) 14260
2021 29467 (20160 - 40273) 26392 (17815 - 36684)
Fra=3/4F im (median=0.12)
2018 108705 (94014 - 125180) 100343 (86263- 116383) 11145
2019 95351 (80800 - 111466) 90123 (76337 - 106201) 20796
2020 56533 (45623 - 69596) 52867 (42341 - 65526) 12359
2021 35407 (26166 - 46024) 32204 (23660 - 42420)
Foa=F2015-2017(median=0.07)
2018 108705 (94014 - 125180) 100343 (86263- 116383) 11145
2019 95351 (80800 - 111466) 90123 (76337 - 106201) 13863
2020 62796 (51855 - 75854) 59056 (485009 - 71796) 9191
2021 43374 (34048 - 54034) 39963 (31485 - 50314)
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Fig. 6.19. Cod in Div. 3M: Projected removals under all the Scenarios

The risk of each scenaridgs presented in the following table, with the limit reference points for each case:

Yield P(B < Bm) P(F > Fm)
2018 2019 2020 | 2018 2019 2020 2021 | 2018 2019 2020 | P(B.1> Bi)
Fim=0.15 11145 26502 14260 | <1% <1% <1% 13% <1% 50% 50% <1%
3/4Fm=0.12 | 11145 20796 12359 | <1% <1% <1% 1% <1% 1% 5% <1%
Fz015-201= 0.07 11145 13863 9191 <1% <1% <1% <1% <1% <1% <1% <1%

i) Research recommendations
STACFISecommended that an age reader comparison exercise be conducted.

STATUSAnN agereaders Workshop was held in November 2017 in order @ reconcile the differences among
agereaders of this stock. Much progress in understanding where the differences between the commercial and
survey ALKs come from were made but still need more research to completely know the problem.

STACFISncouraged to all Contracting Parties to provide length distribution samples from the commercial
vessels fishing 3M cod.

Timing of the next full assessment of this stock will be subject to the timelines of the ongoing MSE process.

7. Redfish (Sebastes mentellaand Sebastes fasciatug in Div .3M
SCRDoc.18/008, 18/024, 18/025 ; SCS Doc18/05, 18/06, 18/07, 18/08, 18/13 )

a) Introduction

There are three species of redfish that are commercially fished on Flemish Cap; dessga redfish Sebastes
mentella), golden redfish (Sebastes marinysand Acadian redfish Gebastes fasciatys The term beaked
redfish is used for S. mentellaand S. fasciatuscombined. Because of difficulties with identification and
separation, all three species are reported together as 'redfish' in theommercial fishery. All stocks have both
pelagic and demersal concentrations and long recruitment process to the bottom. Redfish species are long
lived with slow growth.
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i) Description of the fishery

The redfish fishery in Div. 3M increased from 20 000 toni 1985 to 81 000 tons in 1990, falling continuously
since then until 19981999, when a minimum catch around 1100 tons was recorded mostly as {match of the
Greenland halibut fishery. An increase of the fishing effort directed to Div. 3M redfish is obsed 2005

onwards basically pursued by Portuguese bottom trawl and Russiaottom and pelagic trawl. Part of this

fishing effort has been deployedn shallower depths above 300mand is associated withthe increase of cod
catches and reopening of the Flemis@ap cod fishery in 2010

STACFIS catch estimates were available till 2010. Over 202610 an average annual bias of 15% plus was
recorded between SACFIS catch estimate and STATLANT nominal catch. In order to mitigate the lack of
independent catch data al5% surplus was added to the STATLANT catch of each fleet between 20&hd
2014. For 2015 and 2016 the annual catch was given by the Daily Catch Reports (DCRs) by country provided
by the NAFO Secretariat. The 2017 annual catch has beemstimated with the CDAG method, presented on 20
April 2018 by the NAFO Joint CommissieBcientific Council Catch Estimation Strategy Advisory GroufcOMSC
CESAG, 2018

The STACFIS catch estimates (198810), the inflated STALANT catch (201:2014), the catch from the DCRs
(2015-2016) and CEDAG (2017are the sources of information for the 3Medfish landings.

Recent catches and TACs ('0a9 are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
TAC 8.5 10.0 10.0 6.5 6.5 6.5 6.7 7.0 7.0 10.5
STATLANT 21 A 8.7 8.5 9.7 6.7 6.8 6.4 6.9 6.6 7.1
STACFIS Total catch® 11.3 8.5 111 7.6 7.8 7.4 6.9 6.6 7.1
STACFIS Catch? 3.7 5.4 9.0 5.9 5.2 4.6 5.2 6.2

1 STACFIS total catch on 2012015 based on the average 2002010 bias.
2 STACFIS beaked redfishatch estimate based onbeaked redfish proportions on observed catch.
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Fig. 7.1.  Redfish in Div. 3M: catches and TACs.

b) Data Overview
i) Research surveys

Flemish Cap SurveyDespite a sequence of abundant year classes and a low exploitation regime oaknost
twenty years, survey results suggest that the beaked redfish stodkcreased sharply from 2004 to 2006 and
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then declined rapidly over the second half of the 2000sSuch wnexpected shifts in the stock dynamics can
only be attributed to mortality other than fishing mortality. From the survey results for 2015 to 2017, the
decline appeared to have been halted. But the stock has remained near its historical average level, due to a
combination of poor recruitment and natural mortalities higher than the levels accepted for fls stock
between 2006 and 2014.
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Fig. 7.2. Beaked redfish in Div. 3M: surveys standardized total biomass index (1988017)

¢) Conclusions

The perception of the stock status has not changed.
The next assessment is planned for 2019.

d) Research recommendatio ns

STACFISecommended that, in order to confirm the most likely redfish depletion by cod on Flemish Cap, and

be able to have an assessment independent approach to the magnitude of such impact and to the size structure
of the redfish most affected by codguation, the existing feeding data from the past EU surveys be analyzed and
made available.

STATUS: Research work in progress.

STACFIS reiterated itsecommendation that the important line of ecosystem research based on the feeding
sampling routine of tle EU survey catch be done on an annual basis.

STATUS: This recommendation has not yet been addressed.
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8. American Plaice ( Hippoglossoides platessoides) in Div .3M
Interim Monitoring Report (SCR Docl8/ 008; SCS Dod8/ 08, 13)

a) Introduction

A total catch of 157 tons (56 tons landed and 1 tons discardedwas reported for 2017 (Fig. 8.1).

Recent catches and TACs (‘000 t) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017

2018

TAC ndf ndf ndf ndf ndf ndf ndf ndf ndf
STATLANT 21 0.1 0.2 0.1 0.1 0.2 0.2 0.2 0.2 0.2
STACFIS 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.2 0.2

ndf

ndf No directed fishing.

« TAC (ndf=0)
5 | Catch

‘000t
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Fig. 8.1. American plaice in Div. 3M: STACFIS catches and TACs. No directed fishing is plotted as

0 TAC.

b) Data Overview

The EU bottom trawl survey on Flemish Cap was conducted during 201 The survey estimatesmproved in

recent years, butremained at low levels (Fig 8.2.

All of the 1991 to 2005 year classes are estimated to be weak. Since 2006 the recruitment improved,

particularly the 2006 year class.
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Fig. 8.2.  American plaice in Div. 3M: trends in survey biomass and abundance indices. EU survey
data prior to 2003 have been converted tdRV Vizconde Ezequivalents.

¢) Conclusion

Although the stock has increased slightly in recent years due to improve recruitment since 2009 (209&ar-
class) it continues to be in a poor condition. Although the level of catches since 1996 is low, all the analysis
indicates that this stock remains a1 low level. There is no major change to the perception of the stock status.

d) Researchrecommendations

STACFISrecommends that several input frameworks be explored ibhoth models (such asN g On - i AscCs
relation to Fo.1); ages dependent of the stock size; the proxies and its distribution in\iRétype Bayesian
model).
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No progress was made this yearSTACFIS recommends that the work continue in order to explore the
possibility of using the results to estimate stock sizand to calculate reference points. Other types of models
should also be explored.

Due to the recent recruitment improvement at low SSB, STACFISecommends exploring the
Stock/Recruitment relationship and Blim.

With the income of recent good yeaclasses &low SSB it is not possible at the moment to define a SSB/R
relationship.

The next assessment is planned f&020.
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C. STOCKS ON THE GRAND BANK: SA 3 AND DIVS.3LNO

Recent Conditions in Ocean Climate and Lower Trophic Levels

1

After a decade of aboveverage ocean climate conditions in SA3Grand Bank, the trend in
recent years shows signs of returning to colder conditions similar to the mid 9 9 0’ s
below normal conditions in 2017, similar to 2015.

The total production (magnitude) of the spring bbom remained well below normal in 2017
for a third consecutive year. The past three years have yielded the lowest anomalies of t
time series including a recordlow in 2016.

Spring bloom peak timing was later than normal for the reference period for theifth
consecutive year.

The composite zooplankton abundance index has remained above normal since 2009, with
record-high in 2016.During the same period, the zooplankton biomass index has remaing
near or below normal.
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NAFO 3LNO (Grand Bank) Zooplankton Abundance Index
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Fig. Cl. Environmental composite index for NAFO Div. 3LNO derived from meteorological and

physical oceanographic (sea ice, water temperature, salinity and CIL area) conditions
during 1990-2017 (top panel). Phytoplankton spring bloom magnitude (24 panel) and
peak timing (3™ panel) in NAFO Div. 3LNO during 1992017. Zooplankton abundance
composite index (4" panel) derived from copepod (total copepods, Calanus
finmarchicus Pseucalanus spp.) and noncopepod abundances (5th panel), and
zooplankton biomass anomaly (% panel) in NAFO Div. 3LNO during 1992017.
Positive/negative anomalies indicate conditions above/below (or late/early timing) the
long-term average for the reference period. All anomalies are mean standardized
anomaly calculated using the following refeence periods: climate index:1981-2010;
phytoplankton indices (magnitude and peak timing): 19982015; zooplankton
(abundance and biomass) indices: 19992015.

Environmental Overview

The water masscharacteristic of the Grand Bankare typical ColdIntermediate-Layer (CIL) subpolar waters
which extend to the bottom in northern areas with average bottom temperatures generally €@ during winter

and through to autumn. The winterformed CIL water mass is a reliable index of ocean climate conditions in this
area. Bottom temperaturesare higher in southern regions of 3NO reaching - 4°C, mainly due to atmospheric
forcing and along the slopes of the banks below 200 m depth due to the presence of Labrador Slope Water. On
the sauthern slopes of the Grand Banin Div. 30 bottom temperatures may reach 4 8°C due to the influence of
warm slope water from the south. The general circulation in this region consists of the relatively strong offshore
Labrador Current at the shelf break and a considerably weaker branatear the coast in the Avalon Channel.
Currents over the banks are very weak and the variabili often exceeds the mean flow.

Ocean Climate and Ecosystem Indicators

The composite climate index in Subarea 3 (Divs. 3LNO) has remained well above normal sirieelate 1990s,
reaching a peak in 2011 It has subsequently declined, reaching below normal conditions in 2015, rebounded
to normal conditions in 2016 but returned to a negative value in 2017 (Figure 1, top panelSpring bloom
total production (magnitude) bloom remained well below normal in 2017 for a third consecutive year,
yielding the lowest anomalies of the time series including a recortbw in 2016. This contrasts with nine
years of near to above normal phytoplankton production observed between 2006 a@n2014 (Figure 1, 2nd
panel). Despite a steady anomaly decrease since a recdrigh in 2015, spring bloom peak timing was later
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than normal for a 3" consecutive year (Figurel, 3¢ panel). The zooplankton abundance indekas remained
above normal since 209, with a record-high in 2016 (Figure 1, 4" panel). During this period, zooplankton
biomass has remained mostly below normal with the two lowest values of the time series observed in 2015
and 2016 (Figurel, 5hpanel.AtSt at i on 27 o f dere®drepresedtativerof neost ¢f the moghiern
Grand Banks) theannual bottom (176 m) temperature/salinity anomalies were -0.2°C/-0.12 (0.6/1.6 SD)
below normal, respectively. The vertical thickness of the layer of cold <G water (commonly referred as the
cold-intermediate-layer or CIL on theGrand Bank$ was below about normal during the summer of 2017 by

0.6 SDThe spatially averaged spring and fall bottom temperature in NAFO Divs. 3LNO was 14.Z SD) and
1.3°C €1.2 SD), respectively.
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9. Cod (Gadus morhua) in NAFODivs. 3NO
SCR 18/11,17,28; SCS 18/5,6,7,8,13,14,15)
a) Introduction

This stock has been under moratorium to directed fishing since February 19945ince the moratorium catch
increased from 170 t in 1995, peaked at about 4 800ih 2003 and has been between 600 t and 1100 t
since that time. The catch in 2017 was 637.t

Recent TACs andatches (‘000 tomes) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf ndf ndf ndf ndf ndf ndf ndf ndf ndf
STATLANT 21 0.6 0.8 0.8 0.7 1.1 0.7 0.5 0.6 0.6
STACFIS 1.1 0.9 0.8 0.7 1.1 0.7 0.6 0.7 0.6

ndf : No directedfishery
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Fig.9.1.  Cod in Div. 3NO: total catches and TACs. Panel at right highlights catches during the
moratorium on directed fishing.

b) Data Overview

This assessment utilizes commercial catch at age data fb859-2017 along with data from Canadian spring
(1984-2017), autumn (1990-2017), and juvenile (19891994) surveys. As per previous assessments, trends
in the EUSpain survey were presented but not used as input to the assessment model.

i) Commercial fishery data

Catch-at-age. The calculation of catch humbers and weights -@ige in recent years has been complicated by
low sampling of bycatch. This has led to concern over the reliability of catch at age estimates and ultimately
added an unquantified level of uncertaintyto the assessment results. Specifically, there were no Canadian
length data available for 20152017 and no Portuguese sampling for 2017. In these instances, Slgain
length frequencies were applied to catches. For 2018016, length sampling was availabldrom both EU-
Spain and ELPortugal. The catchat-age for all fleets was constructed by applying Canadian survey age length
keys. Results indicate that the most abundant ages in the commercial catch weré & 2015, 35 in 2016,
and 3-4 in 2017.

ii) Research survey data

Canadian bottom trawl surveys . The spring survey biomass index declined from 1984 to 1995 and has
generally remained low since that time (Fig. 9.2). There was an increase in biomass during 262014 but
indices have subsequently declined agaiand the 2017 biomass index is the lowest in the time serieS.rends

in biomass are similar for the spring and autumn surveys and trends in abundance and biomass are similar
except for 2011-2014, when biomass increased while abundance remained stalEig. 9.2).
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Fig. 9.2. Cod in Div. 3NOsurvey biomass and abundance indices (+ 1 sdlom CanadianSpring
and autumnsurveys.

Canadian juvenile surveys . The index increased from 1989 to 1991, and declined steadily from 1992 to
1994 (Fig. 9.3).
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Fig.9.3. Cod in Div. 3NOsurvey abundance indexX+ 1 sd)from CanadianJuvenilesurveys.

EU-Spain Div. 3NO surveys. The biomass indexwas relatively low and stable from 19972005 with the
exception of 1998 and 2001 (Fig. 9.4). There was @nsiderable increase in the index from 2008011,
followed by a decline to 2013. In 2014the index increased to the highest value in the time serigsut has
continually decreased in subsequent years.
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Fig. 9.4. Cod in Div. 3NOsurvey b|omass mdex (+1 sd) from EU-Span Div. 3NO sirveys.

iii) Biological Studies
Maturity -at-age

Annual proportion mature is modeled by cohort.The estimated age at 50% maturity (A50) ranged between
5.6 and 7.4 years for cohorts prduced from the 1950s to 1980s Age at 50% matuty declined for cohorts
between 1980 and the late1990s from approximately 6.8to 4.5 years. Since that timestimates of A50 have
been variable, with the most recent estimable cohorts (2002011) ranging from 5.0 to 5.4 years.
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c) Estimation of Parameters
Seaquential population analysis (SPA)

An ADAPT was applied to catclat-agecalibrated with the Canadian spring, autumn and juvenilsurvey data
(ages 210). The SPA formulation estimated numbers aages 312 in 2018, age 12 from 19942017 and
survey catchabilties at ages 210 for each survey. In the estimation, af-constraint was applied to age 12
from 1959-93 by assuming that fishing mortality was equal to the average fishing mortality over ages%
Natural mortality was assumed fixed at 0.2 for alfyears and ages. The mean square error of the model fit was
0.611.

d) Assessment Results

Biomass:The SPA results calibrated with the thre€€anadiansurvey indices indicate that thespawning stock
was at an extrenely low levelin 1994 and remained stable at dow level to 2010. SSBncreasedto 2015 but
has subsequently declined and the 2018 estimate of 18,537 t represents only 31%h8af, (60,000 t).
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Fig. 9.5.  Cod in Div. 3NO: time trend of spawner stock biomass (SSB) from the SPA.

Recruitment: The 20052006 year classes were estimated to have the highest levels of recruitment in the past
two decades, with levels comparable to those from the midlate 1980s but well below historic values (Fig.
9.6). Estimated recruitment has not been as strong for subsequt year classes.
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Fig. 9.6.  Cod in Div. 3NO: time trend of recruitmenfage 3)from the SPA.

Fishing mortality: Fishing mortality was low in the early years of the moratorium but then increased and
peaked in 2003 (Fig. 9). Fishing mortality over thepast decadehas been amongst the lowest values in the
time seriesand well below Fim.

1.2

Fishing Mortality (ages 46)
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0.0 . . . . .
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Fig. 9.7.  Cod in Div. 3NO: time trend of average fishing mortalities from the SPA.

STACFIS notes that recent stock trends in SSB differ between this and the previ¢2815) assessment. The
previous assessment estimated SSB in 2015 to be 64% of Blim, whereas the current estimate for 2015 is only
39% of Blim. Differences result from the fact that weights at age for 2015 (i.e. the terminal year) in the 2015
assessment wee simply the average of the three previous years, whereas the current assessment uses actual
estimates of weights at age for 2015 that were not available at the time of the previous assessment. These
new weights at age for 2015 are much lower than the mearalues used in the previous assessment and result
in lower estimates of SSB.
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e) State of the Stock

The spawning biomass increased noticeably between 2010 and 2015 but has subsequently declined and the
2018 estimate of 18,537 t represents only 31% of Blim (60,000 t)The 2006 year class remains relatively
strong and at age 12 in 2018 makes up more tharalf of the estimated SSB. Subsequent year classes are much
weaker, suggesting that the mediunrterm prospects for the stock are not goodrishing mortality values over
the past decade have ben low and well below Fim (0.3).

f) Retrospective Analysis

A retrospective analysis was conducted to investigate whethehere were systematic trends inthe estimates
of population size. A 5year period was chose to evaluate whereby a complete year of data was removeih
successionfrom the model but the formulation remained the same.Retrospective patterns wererelatively
small, but with a tendency for overestimation of SSEFig. 98).
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Fig. 9.8. Cod in Div.3NO: Fiveyear retrospective analysis of SSB, age 3 recruitment and average
F on ages 46.

g) Reference Points

Mean fishing mortality for ages 46 in 2017 was estimated to be 0.08, well below th&im of 0.3 (Fig. 9.9). The
current estimate of Bim is 60,000 t, the point below which only poor recruitment has been observed. SSB in
2018 is estimated to be 18,537 t with is 31% ofBim.
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Fig. 9.9.  Cod in Div.3NO: stock trajectory (19592017) within the NAFO PA framework
h) Short-Term Considerations z Stochastic Projections

A decision was made to not project the stock forward because the 2006 year class, which in 204d&ge 12

and makes up more than half of the estimated SSB, will no longer be part of the virtual population starting in

2019. This is a limitation of the current model formulation which ends at age 12 (i.e. there is no plus group)

and any attempttoprojct t he stock forward would be characterized
year class from the population. Revising the assessment model to incorporate a plus group is considered of

high priority for this assessment going forward.Although projections of the stock were not performed, the

poor strength of year classes subsequent to 2006 suggests that the medisenm prospects for the stock are

not good.

The next assessment is planned fat021.
i) Research Recommendation s:

STACFISecommends as a priority investigating the potential use of a plus group in the assessment of Divs.
3NO cod.

STATUS: Work is ongoing to reconstruct catesit-age with a plusgroup for all years.

STACFISecommends continuing to monitor the consistency in émds between the Canadian and Bpain
surveys.

STATUS: Worlks ongoing toexamine the consistency among surveys and will continue in future assessments

STACFISecommends investigating the removal of the prd995 Canadian autumn assessment points for an
improvement in model fit / residual pattern.

10. Redfish (Sebastes mentellaand Sebastesfasciatus) in Divs. 3L and 3N
(SCR Doc. 18/012, 18/017, 18/018, 18/033; SCS Dot8/05, 18/06, 18/07, 18/08, 18/13 )
a) Introduction

There are two species of redfish irDivisions 3L and 3N, the deefsea redfish Sebastes mentellajnd the
Acadian redfish Sebastegasciatug that have been commercially fished and reported collectively as redfish in
fishery statistics. Boths peci e s, occurring on Div. 3LN and managed a

Northwest Atlantic Fisheries Organization www.nafo.int



180 STACFISO1 —14 June 20B

local populations but, on the contrary, are part of a large Northwat Atlantic complex ranging from the Gulf of
Maine to south of Baffin Island.

Between 1959 and 1960 reported catches drop from 44600 to 26600 t, oscillating over the next 25 years
(1960-1985) around an average level of 21000 t. Catches rose afterwards @79000 t high in 1987 and fell
steadily to a 450 t minimum reached in 1996. Catches remained at a low level (430000 t) until 2009. The
NAFO Fisheries Commission implemented a moratorium on directed fishing for this stock between 1998 and
2009. The fiskery reopened in 2010 with a TAC of 3500 t. The Fisheries Commission endorsed the Scientific
Council recommendations from 2011 onwards and catches increased, being at 11 800t in 2017, the highest
level recorded since 1993 (Table 1, Fig. 1). Since the reopeg in 2010 Canada, followed by Russia and EU
Portugal are the main partners of a fishery mostly deployed northwards, in Div. 3L.

A management strategy has been adopted for this stock based on a stepwise rule with biennial catch
increases over the year2015 to 2020 (NAFO/COM Doc. 181, NCEM)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf 35 6 6 6.5 6.5 10.4 10.4 14.2 14.2
STATLANT 21 0.3 31 5.4 4.3 5.2 57 10.2 8.5 11.9
STACFIS 1.1 4.1 5.4 4.3 6.2 57 10.2 8.5 11.8
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Fig. 10.1. Redfish in Div. 3LN: catches and TACs (No directed fishing is plotted as zero TAC)

b) Input Data
i) Commercial fishery data

Most of the commercial length sampling data available for the Div. 3LN beaked redfish stocks came, since
1990, from the Portuguese fishegs. Length sampling data from Ed$pain and from Russia were used to
estimate the length composition of the bycatch for those fleets in several years. Above average mean lengths,
an apparently stable catch at length with no clear trends towards smaller olarger length groups and
proportions in numbers of small redfish (< 20cm) usually below 1%, are observed on most of the years of the
1990-2005 interval. Well below average mean lengths coupled with in excess of 10% of small redfish under
20cm in the catchoccurred afterwards on most years between 2006 and 2015. Anaverage proportion of
small redfish in the commercial catch rose from 1.0% (199@005) to 13.9% (2006-2015).

However proportion of small redfish fell to 6.1% in 2016 and again to 2.3% in 2017 wie the mean length in
the catch gradually increased, approaching the overall 1999017 mean. Larger sizes are recently the bulk of
the catch.
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An important increase in the numbers of small redfish in the catch can reflect the income of one or more
good recruitments but, on the contrary, a noticeable decline on this indicator, as observed on recent years,
can signal that year classes coming in the fishery are now below average or even weak. And that exploitable
stock is again basically relying on the suiival of the year classes already recruited.

Research survey data

From 1978 to 1993, several stratifiedrandom bottom trawl surveys have been conducted by Canada in
various years and seasons in Div. 3L and in Div. 3N. Only those surveys where strata at liepfreater than
366m were sampled are included.

Since 1991 two Canadian series of annual stratifiechndom surveys covered both Div. 3L and Div. 3N on a
regular annual basis: a spring survey (Mayun.) and an autumn survey (Sefct. 3N/Nov-Dec. 3L for most
years). No survey was carried out in spring @06 and in autumn 2014 in Div. 3N. The coverage of Div. 3L was
poor in the 2015 Canadian spring survey nonetheless this survey was included in the assessment. Agathén
spring of 2017 there were problems with 3L survey coverage and none of the 3L straita the redfish index
were sampled, so last year is not included in the 3LN Canadian spring survey data set.

Since 1983 Russian bottom trawl surveys in NAFO Div. 3LMNO changed to stratifratiddom, following the
Canadian stratification for Sub area 3. In992 and 1994 Russian survey was carried out only in Div. 3L. In
1995, the Russian bottom trawl series in NAFO Sub area 3 was discontinued.

In 1995 EUSpain started a new stratified-random bottom trawl spring (May-June) survey in NAFO
Regulatory Area of Di. 3NO. The Div. 3N EBpain spring survey series (19982017) has been included in
the assessment framework since 2010. The ESpain survey in Div. 3L of NAFO Regulatory Area (Flemish
Pass) was initiated by EtBpain in 2003. However only in 2006, for thdirst time, an adequate prospecting
survey was conducted in Division 3L. This survey is included in the assessment framework since 2016.

See section c) for details of which surveys are used in the assessment. Details on the two Canadian survey
series, as well as on the Russian series and the two Spanish surveys can be found on previous assessment
reports.

The survey biomass series used in the assessment framework and the female SSB survey series were
standardized to zero mean and unit standard eviation and so presented on Figure 10.Zrom the late 1970s

to the beginning of the 1990s Canadian surveys in Di8L and Russian bottom trawl surveys in DiVGLN
suggest that stock size suffered a substantial reductioiRedfish bottom biomass from survgs in Div. 3LN
remai ned well bel ow average | evel over the 1990°' s
show some dynamics of increase. Clear increases of survey biomass are evident in 2205, but, with the
exception of the 2016 Canadin 3LN spring, the other ongoing surveys went down in 20:@017.

Both 1991-2017 Canadian spring and autumn standardized female SSB survey series for Div. 3LN have trends
concurrent to their correspondent biomass series (Kj.10.2).
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Fig. 10.2. Redfish in Div. 3LN: standardized survey biomass (1972017, left panel) and female

spawning biomass (19912017, right panel). Each series standardized to zero mean and
unit standard deviation. Vertical bars indicate periods when indices cross average levels.

Northwest Atlantic Fisheries Organization www.nafo.int



182 STACFISO1 —14 June 20B

During the first half of the 1990’ s, on both surveys, t h
Mean lengths on most of the years between 1996 and 2007 (spring survey) or 2006 (autumn survey) were

above the mean, reflecting a shift on the stocleihgth structure to larger individuals. Between 20072008 and

2011-2012 mean lengths generally fall and stay below average (Fig. 10.3), just as observed on the commercial

catch at | ength, suggesting the occurrence of good r ec!

On 2016-2017, from Canadian surveys, mean length in the stock increased but the numbers of fish =>20cm
declined. This is not only observed in the stock but in commercial catch as well.

All these indicators suggest that the stock is not is not growing, angias either reach a stable level or is
making a downward turn.

Spring 20 Autumn
1.0
0.0
1996 1999 2
-1.0
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Length Anomaly (cm)
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-4.0

-5.0
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Fig. 10.3. Redfish in Div. 3LN: annual anomalies of the mean length in the spring and autumn
survey, 1991-2017.

Recruitment

Between 20062007 and 20092010 the recruitment index (numbers of redfish < 20cm) increased rapidly
both in commercial catch and Canadian surveys, reaching by then maximum values. The recruitment index
drops fast on the following years and is at low levelsince 20142015 (Fig. 10.4).

Nevertheless, unusual high numbers of very small redfish pre recruits {52cm) have been observed on
recent years (20152017) on Canadian spring and autumn surveys.
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Fig. 10.4. Redfish in Divs. 3LN: Recruitment index (lenghs < 20 cm) from spring and autumn
Canadian rv surveys in NAFO 3LN, 1992017.
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c) Assessment Results

A non-equilibrium surplus production model (ASPIC; Prager, 1994) is used to assess the status of the stock

since 2008. Until 2012 the model was adjusted tan array of Canadian, Russian and Spanish surveys series

arranged under the formulation adopted by STACFIS. However the model showed an increasingly poor fit to
recent survey biomass increases observed fragoing he sec
surveys. Selective elimination of outliers, in order to get a picture in line with the perception of the stock

history from commercial and survey data trends, was no longer a valid option, as reflected in a STACFIS

research recommendation on this mtter (NAFO, 2012).

In the 2014 assessment the purpose was to reach an inclusive approach that would incorporate most, if not

al I, of the surveys points available for the two divis
in line with the perception of stock and fishery dynamics given by historical commercial and survey data.

From exploratory analysis the better framework to run the 2014 assessment had MSY fixed at a user starting

guess of 21000 t. ThiMSY proxys the average level of sstained catch for the 19601985 interval, when the

stock experienced an apparent stability, suggested either by the STATLANT CPUE series or available surveys,

before declining in response to a sudden rise of catch level. This framework also kept negatiwerelated
STATLANT CPUE series and all “outliers” in their respe:
Div. 3L and Div. 3N were assembled in a single 3LN Canadian autumn series. While fixing the MSY level is not
common, it was justified in his case as levels generated from models that freely estimateBhsy were

unrealistic (estimating MSYs ofnore than 100 000 tomes). Therefore MSY was fixed in the model and the

results are conditioned on this assumption.

This assessment keeps the selectetrangement of input series considered on 2016 the better framework to
run the redfish 3LN ASPIC: with MSY fixed at 1960985 average catch, the suite of survey time series already
approved for the 2014 assessment, updated and now including the 3L Spanslrvey.

The input series of this assessment are:

11 (Statlant CPUE and catch) Statlant cpue for Div. 3LN,1950.1994 & catch for Div. 3LN 14562017

12 (3LN spring survey) Canadian spring survey biomass for Div. 3LN, 1991-2005, 2007-2016

13 (3LN autumn survey) Canadian autumn survey biomass for Div. 3LN, 19912017

14 (3LN Power russian survey) Russian spring survey biomass for Div. 3LN, 19841991 (Pow er and Vaskov,1992)

15 (3L winter survey) Canadian winter survey biomass for Div. 3L, 19g5 1986 and 1990

16 (3L summer survey) Canadian summer survey biomass for Div. 3L, 19751979 1981,1984-1985, 1090-1991and 1993
17 (3L autumn survey) Canadian autumn survey biomass for Div. 3L, 19gs 1986, 1090

18, (3N spring spanish surveyjong) Spanish survey biomass for Div. 3N, 1g95.0017

19 (3L summer spanish survey) Spanish survey biomass for Div. 3L, 200s-2017

All 1959-2010 catches used in this assessment are the catches adopted by STACFIS for this stock. The 2011

2016 catches were taken from the NAFO STATLANTd 21 dat
with the CEDAG method and given byhe NAFO Joint Commissioscientific Council Catch Estimation

Strategy Advisory Group(COMSC CESAG, 2018).

In this assessment theASPIC version 7.03 (Prager, 2015iit the logistic form of the production model
(Schaeér, 1954). Themodel requires from the user a set of initial definitions/starting guesses/constraints
that need to be specified in the input file. Control parameters are kept from the 2014 and 2016 assessments
and line-by-line details of all input settings can be found on the correspondent reports

However, problems were found this year on the run of ASPIC boot with too many trials replaced duedo s
and B1/K estimates at their bounds. At the start of the 2018 assessment the user guess catchabilitig's)éof
the nine input data setsstayed as follows:

1 STATLANT CPUE, 9.00786 (q of STATLANT CPUE for Div. 3M redfish ASPIC assessment,
Avila de Meloet al.2003);

spring survey on Div. 3LN combined, 1;

autumn survey on Div. 3LN, 1;
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1 Russian survey on Div. 3LN combined, 1;

winter survey on Div. 3L, 0.322 (average 1992009 3L/3LN spring survey biomass ratio
times average 19912009 spring 3LN/autumn 3LN survey biomass ratio);

1 summer and autumn survey orDiv. 3L and Spanish survey on this division 0.275 (average
1991-2009 3L/3LN autumn survey biomass ratio);

1 Spanish survey on Div. 3N 0.759 (average 199009 3N/3LN Canadian autumn survey
biomass ratio).

But taking into account the problems found, the useguess catchabilities for each of the 9 data sets were
found by a 3 steps proceeding:

1 g user guess = average ratio survey biomass (one division)/survey total biomass (two divisions)
or 1.00E+00 in the case of q for two divisions combined## q (starting guesses -- 1 per data series)
9.01E-06 1.00E+00 1.00E+00 1.00E+00 3.22E-01 2.75E-01 2.75E-01 7.59E-01 2.75E-01

2 g user guess = g max bound of ASPIC.fit rungvitiser guess 1
9.01E-04 6.00E+00 6.00E+00 6.00E+00 1.20E+00 1.20E+00 1.20E+00 4.55E+00 1.20E+0(

3 g user guess= @ estimate of ASPIC.fit run witlser guess 2
1.50E-05 8.85E-01 8.85E-01 3.17E-01 2.49E-01 1.03E+00 2.30E-01 8.75E-01 6.61E-01

From this stageonthey s at step 3 were the user guess that starte

ASPIC2018run first on deterministic (FIT) mode. Key results, ad relative biomass and fishing mortality
trajectories are presented on Table 10.1 and Fig. 10.5 respectively in comparison with the same results from
previous 2014 and 2016 assessments.

Table 10.1. ASPIC2018 versus ASPIC 2016 and ASPIC 2014: comparisonnain results from
deterministic run. (same input framework but ASPIC 2014 without 3L Spain survey, ASPIC
2016 and 2018 with 3L Spain survgy

Msy® B1/K Fmsy Flastyear/Fmsy  Ye®@ Bmsy B®/Bmsy
ASPIC2018 21000 0.6976 0.1122 0.3759 15600 187100 1.5070
ASPIC2016 21000 0.6874 0.1116 0.3640 17820 188200 1.3890
ASPIC2014 21000  0.6764 0.1097 02136 18120 191500 1.3710

(1) fixed at the starting guess.

(2) estimate for 2014 from ASPIC2014, estimate for 2016 from ASPIC 2016 and estimate for 2018 from ASPIC
2018.

(3) at the beginning of 2014 from ASPIC2014, at the beginning of 2016 from ASPIC 2016 and at the beginning of
2018 fromASPIC 2018
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Fig. 10.5. Redfish in Divs. 3LN B/Bmsy (left) and F/Fmsy (right) from ASPIGi 2018 versus ASPI&

2016 and ASPI& 2014 assessments.

In terms of biomass dynamics results showed a good nearness index, crossing twiseyand presenting good
contrast. Besides no correlation between series with a very small number of pawvise observations, 3L
Spanish don’t fit wi tslpoorly coNelateg with BNy Spanishr as evall. Bat rindturni 3L
Spanish has a good correlation with 3LN autumn survey, both declining on 208917, so despite the caveats
the survey stayed.

From the correlations between series and between model results and spective data sets it is clear at this
stage the existing of two conflicting trends, one upwards based on the 3LN spring and another downwards
pulled by the 3LN autumn survey, with the help of the 3L Spain set.

As a consequence of these conflicting trendsorrelation among input series generally decrease and unfitness
of the model to the main surveys increased from last 2016 assessment.

To investigate whether or not there was statistical evidence of model mispecification, the Wald-Wolfowitz
runs-test was carried out on the residuals of the fits of the surplus production model to the four abundance
indices that cover recent years: 3LSpain, 3NSpain, 3LNautumn and 3LNspring. The respectiwalues under

the hypothesis of independence of the residuals farach of these series were respectively 0.030, 0.670, 0.313
and 0.369, i.e. only for the 3LSpain series is the hypothesis of independence of residuals rejected at the 5%
level, which would in turn indicate model misspecification. This supported the acceptace of the model.

There was good consistency within results and trends between the three last assessments (2014, 2016 and
2018) with stock biomass increasing well abovémsyand a fishing mortality still kept well below Fmsy.

A summary of estimates fronmbootstrap analysis are presented in Table 10.2.

Table 10.2. ASPIC2018 main results from bootstrap analysis

ASPIC Point Bias-corrected approximate confidence limits Inter-quartile| Relative
Param. name assessment estimate 80% lower  80% upper| 60% lower 60% upper range 1Q range
B1/K 2018 0.6976 0.5683 1.0900 0.5984 0.8817 0.2186 0.3130

MSY 2018 21000 NA NA NA NA
Ye Last year+1 2018 15600 12040 20330 12890 19060 4907 0.3150
Bmsy 2018 187100 166200 226100 172200 212200 33940 0.1810
Fmsy 2018 0.1122 0.0929 0.1264 0.0990 0.1220 0.0195 0.1740
B Last year+1/Bmsy 2018 1.5070 1.1560 1.6540 1.3000 1.6220 0.2433 0.1610
F Last year/Fmsy 2018 0.3759 0.3403 0.4955 0.3477 0.4385 0.0675 0.1800
Yield Last year+1/MSY 2018 0.7426 0.5735 0.9682 0.6137 0.9078 0.2337 0.3150

Bootstrap results reiterate a stock at the beginning of 2018 with a very high probability to be abo\msyand
a fishing mortality in 2017 with a very high probability to be well below Frnsy . The maximum observed
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sustainable yield (MSY of 21 000 t can be a long term sustainable yield if fishing mortality stands at a level of
0.112/year. Thecorrespondent Bmsyfor this stock is at the level of 187 000 t.

Catch versus surplus production trajectories are presented in Fig. 10.Between 1960 and 1985 catches form
a scattered cloud of points around the surplus production curve. In 1986987, catdhes rose well above
surplus production and, though declining continuously since then, were still above equilibrium yield in 1993.
Catch has dropped well below surplus production in 1995 and from 2010 onwards has been slowly
increasing, but is still belowthe equilibrium yield line.
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Fig. 10.6. Redfish in Div. 3LN: Catch versus Surplus Production from ASRIZ018.

Biomass:Slightly aboveBmsyfor most of the former years up to 1985. Declined fromBmsyin 1986 to 10% Bmsy

in 1995, when a minimum stocksize is recorded. Over the moratorium years biomass was allowed to recover
and at the beginning of 2018 biomass is predicted to be 1.5Bsy. The probability of being aboveBmsyis very
high (>90%). At the beginning of 2018, the probability of being belowBiim is less than 1% (see section d).

Fishing mortality: Fishing mortality has been low to very low since 1996 but has slightly increased since the
reopening of the fishery in 2010. On 2017 fishing mortality was estimated to be at 0.38 Pwsy, and the
probability of being aboveFmsyis very low. At the beginningof 2017, the probability of being abovermsyis less
than 1%.

Recruitment From commercial catch and Canadian survey length data (numbers of redfish < 20cm) there are
no signs of recent recruitment (2014 — 2017) of above average year classes to the expmble stock.
Nevertheless, unusual high numbers of very small redfish pre recruits {2cm) have been observed on
recent years (20152017) on Canadian spring and autumn surveys.

State of stock The stock is currently in the safe zone of the NAFO precautemy approach framework and is
estimated to be at 1.5 ¥Bmsy. There is a very low risk of the stock being belovBim. Fishing mortality is well
below Fmsy (0.36 X Fmsy), and the probability of being aboveFim (= Fmsy) is very low. Recent recruitment
appears to be low.

d) Short term catch projection under the actual management strategy

TheRi sk- Based Management St adapted lgyyhe FideSi¢s Conumissiod bridhe 6 d f i s h
Annual Meeting— September 2014 (Avila de Melcet al., 2014; FC Working Bper 14/23), was designed to
reach 18 100 t of annual catch by 2019-2020. It is
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stepwise biennial catch increase, with the same amount of increase every two years, between 2015 and 2020
(18 100 t wasthe equilibrium yield in 2014 given by the 2014 assessment, carried out under the assumption
of an MSY of 21 000 t).

The present assessment evaluated the impact of the implementation of this new MS on the state of the stock
and found 3LN redfish at the bempning of 2018 standing on its safe zone, with biomass abov@nsy, after
fishing mortality being kept well below Fnsyduring 2017.

The short term catch projection following the assessment should quantify the likelihood of the stock 1) to be
exploited below Fmsyuntil the end of 2020, assuming that the 2018 TAC will be effectively taken and the 2619
2020 catch will reach the HCR 2012020 TAC of 18 100 t and 2) to arrive to the beginning of 2021 still on
the safe zone abov®msy.

ASPICP, the ASPIC auxiliary pgram for projections, provided point estimates (with associated bias
corrected 80% and 50% confidence limits) of biomass and fishing mortality for the assessment time interval,
1959-2017, extended to the projection years, 2012021, with 2018 catch at thepresent TAC and either with
the 2019-2020 at the 20192020 HCR TAC (18 100 t) or at status quo TAC (14 200 t). So the two 2@®0
catch projection options considered were:

1) HCR option 2018: 14 200t or 2) the status quo 2017 TAC option 2018: 14 200 t
2019:18 100 t 2019: 14 200t
2020: 18 100 t 2020: 14 200t

The ASPICP results for the HCR option are presented in Fig. 10.7a and 10.67b, as regards relative-2039
biomass and 19592020 fishing mortality trajectories.
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Fig.10.7. Redfish in Div. 3LN: BBmsy (left) anda F/Fmsy (right) point estimates trajectories with
approximate 80% bias corrected CLs from ASPICP 2018 (HCR option).

Comparisons of results with the two options are presented in Table 10.3 and Fig. 10.8 (Ewsy2018-2021).
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Table 10.3. Redfish in Div. 3LN: short term catch projections. The 10 point estimate, and 9@
percentiles of projectedB/Bmsy, F/Fmsy are shown, for projected 20192018 HCR and status
guo TAC catch.

2018-2020 catch at HCR TAC percentiles
Year 10 point estimate 90
BIOMASS RELATIVE TO Bmsy
2018 1.156 1.507 1.654
2019 1.186 1.514 1.642
2020 1.196 1.501 1.610
2021 1.206 1.489 1.584
FISHING MORTALITY RELATVE TO Fmsy
2018 0.410 0.448 0.576
2019 0.530 0.572 0.722
2020 0.540 0.577 0.716
2018-2020 catch at 2017 TAC percentiles
Year 10 point estimate 90
BIOMASS RELATIVE TO Bmsy
2018 1.156 1.507 1.654
2019 1.186 1.514 1.642
2020 1.214 1.521 1.632
2021 1.238 1.526 1.623
FISHING MORTALITY RELATVE TO Fmsy
2018 0.410 0.448 0.576
2019 0.413 0.446 0.562
2020 0.416 0.444 0.551
1.55
B/Bmsy point estimate 2017 TAC
150 |
B/Bmsy point estimate HCR
145
140
135
7
5 1.30
M
125 + B/Bmsy 80% lower CL 2017 TAC
120 | I ———————
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Fig 10.8. B/Bmsy 2018-2021 projections under red 3LN HCR versus status quo 2017 TAC.
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Either the HCR predicted catch increase or catch at status quo 2017 TAC on 2019 and 2020 mvdintain
biomass at the beginning of 2021 abov8msy while keeping fishing mortality till the end of 2020 below Fmsy
with > 90% probability . Also the probability of Boz21< Bim or F2020>Fiim is <0.1 for both catch options, except
for 2020 fishing mortality under the HCR TAC catch, which has an associated probability aefzB>Fim slightly
above (1.6%). Status quo TACon 2019-2020 will allow a biomass marginal growth, but roughly keeping
biomassat its present level,and will avoid the beginning of a marginabiomassdecline predicted by the HCR
option (that has beenalready suggested by the majority of recent observed data

Table 10.4. Redfish in Div. 3LN: Risk assessment under 14 200 t d@J100 t catches in 20192020 scenarios.

HCR (Yield) P(F>Flim) = P(F>Fysy) P(B< Blim) P(B<Bysy)
2018 | 2019 | 2020 | 2018 2019 2020 | 2018 2019 2020 2021 | 2018 2019 2020 2021 | P(Baoz > Baoi)
14200 | 14200t | 14200t <1%  <1%  <1% | <1%  <1%  <1% _ <1% | 5.7% 4.8% _ 4% _ 3.3% 66.4%
14200t] 18100t 18100t <1%  1.7% 1.6% | <%  <1%  <1%  <1% | 5.7% 4.8% 4.1% 4% 38.5%

Under status quo TAC catch (14 200 t) there is a high probability (66.4%) that biomass will grow from the
beginning of 2018 to the beginning of 2021. But the probability of a 2022021 biomass increase under a
2019-2020 catch at the 20192020 HCR TAC (18 100 t) is low (38.5%()Table 10.4).

e) Reference Points

The ASPIC point estimate results were put under the precautionary framework (Fig. 10.9). The trajectory
presented shows a stock withinBmsy- 1.2 Bmsyunder exploitation around Fmsythrough 25 years in a row (1960
1985). The stock rapidly declined afterwards to well belowBmsy when fishing mortality rises to well above
Fmsy (1987-1994). Fishing mortality dropped to well below Fmsyin 1996, being kept ata very low to low level
ever since.Biomass gradually reaclks and surpassesBmsy several years after (20112012). The stock is
presently in the safe zone.
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Fig. 10.9. Redfish in Div. 3LN: stock trajectory under a precautionary framework for ASP}C2018.

The next full assessment of this stock will be in 2Z2D.
f) Research recommendations
STACFISecommends exploration of sensitivity runs of input surveys on the ASRI@nulation for this stock.

STACFISecommends that alternate models be explored for this stock.
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11. American plaice (Hippoglossoides platessoides) in NAFO Divs. 3LNO
(SCS Doc. 18/05, 18/06, 18/07, 18/08, 18/13, 18/14, 18/15; SCR Doc. 18/11, 18/17, 18/18,8/19)
a) Introduction

The majority of the catch has been taken by offshore otter trawlers. There was no directed fishing in 1994
and there has been a moratorium since 1995. Landings from {match increased until 2003, after which they
began to decline. STBFIS agreed catches were 1 664t in 2016 and 1 172t in 2017 (Fig. 11.1). In 2016 and
2017, American Plaice were taken as bgatch mainly in the Canadian Yellowtail Flounder fishery, ESpain
and EUPortugal skate, redfish and Greenland Halibut fisheries.

Recent nominal catches and TACs (‘000 t) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf ndf ndf ndf ndf ndf ndf ndf ndf ndf
STATLANT 21 1.8 1.5 1.2 1.3 2.2 1.4 1.1 1.7 1.2
STACFIS 3.0 2.9 2.41 2.1 3.0t 2.3t 1.12 1.72 1.2

ndf No directed fishing.
1 Catch was estimated using fishing effort ratio applied to 2010 STACFIS catch.
2 Catch was estimated using STATLANT 21 data for Canadian fisheries and Daily Catch Records for fisheries in the NR/
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Fig. 11.1. American Plaice in Div. 3LNO: estimated catches and TACs. No directed fishing is plotted
as 0 TAC.

b) Input Data

Biomass and abundance data were available from: annual Canadian spring (198816) and autumn (1990
2017) bottom trawl surveys; and EUSpain surveys in the NAFO Regulatory Area of Div. 3NO (192617).
EU-Spain surveys in 1995 and 1996 were incomplete andre not considered further. The Canadian spring
survey in 2006 did not adequately cover many of the strata in Divisions 3NO. In 2015 and 2017, the Canadian
spring survey did not adequately cover all of the strata in Div. 3L. Sensitivity analysis indicat¢tat a large
proportion of abundance indices at certain ages were likely to have been missed by these surveys. Likewise,
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in 2004, coverage of strata from Div. 3L in the Canadian autumn survey was incomplete, and in 2014 there
was no coverage of Divs. 3NQherefore the 2006, 2015 and 2017 Canadian spring survey and the 2004 and
2014 Canadian autumn survey results were not used in the assessment. Age data from Canadian bycatch as
well as length frequencies from ELPortugal, and EUSpain bycatch were availdle for 2016-17.

i) Commercial fishery data

Catch and effort. Catch estimates for 2012016 were derived from Daily Catch Records. Catches for 2017
were obtained from CESAG estimates. There were no recent catch per unit effort data available.

Catch-at-age.

There was age sampling of the 2012017 bycatch in the Canadian fishery and length sampling of bycatch in
the Canadian, EtSpain, EUPortugal fisheries. Total catchat-age for all years was produced by applying
Canadian survey agdength keys to length frequencies collected each year by countries with adequate
sampling and adding it to the catchat-age calculated for Canada. This total was adjusted to include catch for
which there were no sampling data from Contracting Parties such as Japan, Estonia, Rysaind United States.
The 2017 catch at age was calculated using atgngth keys from 2016 to norCanadian catches, as a survey
ALK for the most recent year was not available due to an incomplete Canadian spring survey in 2017. Issues
have been reported rgarding the quality and coverage of Canadian commercial sampling in recent years.

i) Research survey data
Canadian stratified -random bottom trawl surveys.

Biomass and abundance estimates for Div. 3LNO from the spring survey declined during the late 19&ady
1990s. Both biomass and abundance have fluctuated since 1996 with a slight increase over the period until
2014 (Fig. 11.2). In 2016 there was a decline in both abundance and biomass, with the biomass index
reaching the lowest level since 1995.
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Fig. 11.2. American Plaice in Div. 3LNO: biomass and abundance indioggh approximate 95%
confidence intervals from Canadian spring surveysData prior to 1996 are Campelen
equivalents and since then are Campelen. Opaymbols represent yearswhere Cls
extend to negativevalues.

Biomass and abundance indices from the autumn survey declined from 1990 to the eartyid 1990s. Both
indices showed an increasing trend from 1995 to 2015, but have since declined (Fig. 11.3). The trends
observed are similar to the Caadian spring surveys.
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Fig. 11.3. American Plaice in Div. 3LNO: biomass and abundance indicegh approximate 95%
confidence intervalsfrom autumn surveys Data prior to 1996 are Campelen equivalents
and since then are Campelen.

Stock distribution for C anadian Surveys.

Historically the largest portion of this stock was located in Div. 3L, but the highest declines in survey indices

were experienced in this region. Biomass was more heavily concentrated in Div. 3N since 2000, but this

Division showed thegreatest decline over the last 3 years, with fall survey biomass highest in 3L in 2017.

There has also been a substantial increase in abundance in Div. 3L, with spring and fall survey abundance in

this Division at the highest levels observed since 1990hTi s i ncrease i s concentrated i

EU-Spain Div. 3NO Survey.

Numbers at age (1997 to present) are used in the assessment modki. 2001, the vessel (CWlaya de
Menduifig and gear Pedreird were replaced by the RWizconde de Ezaising a Campelentrawl. Annual
Canadian spring RV age length keys were applied to H8pain length frequency data (separate sexes, mean
number per tow) to get numbers at age except in 2006 where there were problems with the Canadian spring
survey and the combined 997-2005 age length keys were applied to the 2006 data. In 2015 and 2017, Canadian
spring surveys were not completed, so ALKs from the previous year (2014 and 2016, respectively) were applied.
Estimates of both indices from the EtBpain survey varied withait trend from the start of the time series to
2013, but have declined since then (Fig. 11.4).
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Fig. 11.4. American Plaice in Div. 3LNO: biomass and abundance indices from the-§phin Div.

3NO survey (Data prior to 2001 are Campelen equivalents and sinctaen are
Campelen).
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The abundance of fish <5 years old in both the Canadian spring and fall surveys has been increasing since the

late 1990s (Fig. 11.5).

This

indicates abow@average prerecruitment.

However,

there are some

inconsistencies among survgs, with the high number of prerecruits observed in the Canadian surveys not
being seen in the EtBpain survey (Fig. 11.5). This is likely due to differences in survey coverage, as the
greatest abundances of young fish in recent Canadian surveys have bebserved in Div. 3L.
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iii) Biological studies

Maturity . Age at 50% maturity(Aso) has declined since the 1960s and 1970s from 6 to 4 years for males and
11 years to 8 years for females for the most recent cohort.

Size-at-age. Mean weightsat-age and mearengths-at-age were calculatedfor male and female American
Plaice for Div. 3LNO using spring survey data from 1990 to 2016. Means were calculated accounting for the
length stratified sampling design. Although there is variation in both length and weigkat-age there is little
indication of any longterm trend for either males or females.However, weight has been lower for females
since about 2010.

c) Estimation of Parameters

Catch estimates for 20112013 were derived from STATLANT 21 data for Divs. 3L and 30. For Div. 3N, effort
from NAFO observers and logbook data was used where possible with the assumption that CPUE has not
changed substantially from 2010. STACFIS determined that STATLANT 21 could not provide a reliable
estimate of catch in 2014, and decided to estimate catchrfd014 using the same method employed for 2011

2013. STACFIS recommended the use of STATLANT 21 catch for Canadian fisheries and Daily Catch Records
for fisheries in the NRA to estimate catch from 2015 and 2016.

An analytical assessment using the ADAPTifrmework tuned to the Canadian spring, Canadian autumn and
the EUSpain Div. 3NO survey was used. The virtual population analysis (VPA) was conducted based on the
2014 and 2016 assessment formulation with catctat-age and survey information from the follaving:

- Catch at age (196€2017) (ages 515+);

- Canadian spring RV survey (1982016) (no 2006, 2015, 2017 values) (ages-34);

- Canadian autumn RV survey (1992017) (no 2004 or 2014 values) (ages 8.4); and
- EU-Spanish Div. 3NO survey1998-2017) (ages 514).

Thereis a plus group at age 15 in the catcht-age and the ratio of- on the plus group toF on the last true age
was set at 1.0 across all years. Natural mortalityM) was assumed to be 0.2 on all ages except from 1989
1996, where M was assumed to be 0.53 on all ages.

Sensitivity analyses were completed examining the impact of changing the F ratio assumption in the VPA. The
base model described above assumes a constant F ratio from 1.0 from the last true age to the plus growhlin
years. The impact of this assumption on model fit and results was examined by completing several different
model runs with varying Fratio assumptions, with the Fratio allowed to (1) vary in each year from 2000 to
present, (2) vary in each year from R10 to present, and (3) vary in 3 groups (2012012, 20132014, 2015
2017). Mean squared error of the model was found to decrease relative to the base model in all of these F
ratio scenarios, and changes in the retrospective pattern were observed. Estimatef the F ratio to the plus
group were generally different than 1.0. However, perception of the state of the stock and its trajectory were
consistent among all runs, including the base model. Therefore STACFIS agreed on the use of the base model
for this assessment, and further exploration of the F ratio assumption was recommended going forward.

d) Assessment Results

The mean square of the residuals from the model was 0.46; however there was some indication of auto
correlation in the residuals. Relative erros on the population estimates ranged from 0.13 to 0.49. The relative
errors on the catchabilities @) were all less than 0.16.

The VPA analyses showed that population abundance and biomass declined fairly steadily from the mid
1970s to 1995. Biomass ath abundance have been relatively stable at a low level since around 2000 (Fig
11.6). AverageF on ages 9 to 14 showed an increasing trend from about 1965 to 1985. There was a large
unexplained peak inFin 1993. Fincreased from 1995 to 2001 and has sincdeclined (Fig. 11.7).
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Fig. 11.6. American Plaice in Div. 3LNO: population abundance and biomass from VPA
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Fig. 11.7. American Plaice in Div. 3LNO: average fishing mortality from VPA.

Spawning stock biomass has shown 2 peaks, one in the ri60s andanother in the early to mid1980s. It
declined to a very low level (less than 10 000 t) in 1994 and 1995 (Fig. 11.8). Since then, SSB increased
slightly to the early 2000s, and has since varied at a low level. Stock weights at age have generally declined
since the early 2000s, but have increased slightly over the last three years. Spawning stock biomass in the
current year was estimated at 17, 300 t (about 35% oBim). Estimated recruitment at age 5 indicates there
have been no yeaiclasses above the log term average since the midl980s (Fig. 11.9).
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Fig. 11.8. American Plaice in Div. 3LNO: spawning stock biomass from VPA. Error bars on the
2018 SSB are approximate 90% confidence intervals.

350

300 |

250

200 -

150 |

100

Recruitment (millions of 5-year-olds)
(&)
o

O I T T T T T T N T T T T T T T T T T T N T T T T T T O T T T T T T T T T O T T T T T B A
1959 1967 1975 1983 1991 1999 2007 2015
Year

Fig. 11.9. American Plaice in Div. 3LNO: recruits (atge 5) from VPA.

There is a tendency to overestimate SSB and underestimate F in the assessment model. In the current
assessment there is a substantial downwards revision of the SSB in 2016, relative the 2016 assessment.

e) State of the Stock

The stock remains low compared to historic levels and ipresently at 34% of theBim level. Recruitment has
been low since the late 1980but Canadian surveys indicate a large number of precruits in Div 3L in recent
years. Current estimates of fishingmortality are low.
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Spawning stock biomass SSB declined to the lowest estimated level in 1994 and 1995, and then increased
slightly to 2001, though remaining well below historic levels. SSB has varied at a low level since this time, and
is currently at 17 300t. Bim for this stock is 50 000 t. Probability that B<kn is greater than 95%.

Recruitment Overall, recruitment has been low since the late 198QsHowever, there are indications of
increasing numbers of prerecruits in recent Canadian surveys.

Fishing mortality: Fishing mortality on ages 9 to 14 has generally declined since 2001 and is now at a very
low level (estimated in 2017 at 0.065).

f) Retrospective patterns

A five year retrospective analysis was conducted by sequentially removing one year of data from the input
data set(Fig. 1110). There is a large retrospective pattern present in this assessment which indicates that
abundance and SSB have generally beewesestimated (by an average of 19% yeaover-year since 2014 on
the terminal year of the model) and F underestimated (23% yeaover-year).
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g) Precautionary Reference Points

An examination of the stock recruit scatter shows that good recruitment has rarely been observed in this
stock at SSB below 50 000 t and this is currently the best estimate®#. In 2011 STACFIS adoptdéim of 0.3
consistent with stock history and dyramics for this stock. The stock is currently belowBim and current
fishing mortality is below Fim (Fig. 11.11).
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Fig. 11.11. American Plaice in Div. 3LNO: stock trajectory within the NAFO PA framework. The
2018 SSB estimate is indicated by the trianglen the xaxis.

h) Short Term Considerations

Simulations were carried out to examine the trajectory of the stock under 2 scenarios of fishing mortaliti:=
0 and F= 0152017 (0.08). The three year average was chosen rather than the value for 2017 becao$dhe
retrospective pattern.

For these simulations the results of the VPA and the covariance of these population estimates were used.
Table 11.1 outlines the assumptions used for the projections.
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Table 11.1 American Plaice in Div. 3LNO: Assumptions ad for stochastic projections.

Estimate of Relative PR rescaled
2018
population error on Weight-at-age Weight-at-age relative
numbers population mid-year beginning of year | Maturity -at-age to ages 914
Age ('000) estimate (avg.2015- (avg. 20152017) | (avg. 20152017) | (avg. 20152017)
2017)
5 0.17 0.16 0.01 0.14
6 6967.2 0.492 0.24 0.19 0.03 0.36
7 4964.4 0.316 0.31 0.27 0.16 0.69
8 4144.8 0.279 0.42 0.35 0.54 0.92
9 4519.9 0.257 0.52 0.46 0.82 0.81
10 5440.7 0.225 0.61 0.54 0.92 1.01
11 3741.0 0.217 0.73 0.65 0.97 1.25
12 2938.8 0.214 0.90 0.80 0.99 1.14
13 1435.9 0.223 1.11 0.98 1.00 0.90
14 861.7 0.230 1.16 111 1.00 0.89
15+ 3324.0 0.125 1.68 141 1.00 0.89

Simulations were limited to a 4year period. Recruitment was resampled from all historical recruitments
produced from SSB<R.. The simulations contained a plus group at age 15.

SSB was projected to have a probability of >0.99 of being less thaim by the start of 2022 under both fishing
mortality scenarios. Under the F=0 scenario, there is a 99% probability that SSB in 2022 will be greater than
in 2018, however this is reduced to 47% probability under F statusjuo. Even very low levels of F are
inhibiting growth of the stock.

Under status quo fishing mortality (Fzo152017), projected removals are stable from 2019 to 2022 at around
1500 tons.

Table 11.2 American Plaice in Div. 3LNO: Results of stochastic projections under various fishing
mortality options. Labels p05, p50 and p95 refr to 5, 50" and 95" percentiles of each

guantity.
33"j Onnm | Yield ()
Median (90% CI)
F=0
2019 17.0 (14.6, 19.8) -
2020 18.0 (15.5, 21.0) -
2021 19.5 (16.6, 23.0) -
2022 21.1 (18.0, 25.3) -
F2015-2017 = 0.08
2019 17.0 (14.7,19.7) 1542
2020 16.7 (14.4,19.5) 1538
2021 16.9 (14.5,19.9) 1567
2022 17.2 (14.8, 20.7) 1594
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Table 11.3 American Plaice in Div. 3LNO: Risk assessment under F = 0 ap@g2017 of the probability of
being belowBim. Yield (t) is median projected value.

Fishing Yield P(SSB®8im)
Mortalit P(SSBo22>SSBo1s)
orality | 2019 | 2020 2021 2022 2019 2020 2021 2022
- >99% | >99% | >99%
F=0 - - - 0 0 > | >99% 99%
2015 1594 | >99% | >99% | >99%
5013505‘; 1542 | 1538 | 1567 0 0 ® | >00% 47%
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Fig. 11.12 American plaice in Div. 3LNO: Spawning stock biomass from projections along with 5
and 95" percentiles (dotted lines) for F=0 (top) and Fzo1517 (bottom). Figures on the left
show the entire time series, and on the right since 2000.

Given the low potential for stock growth, the next full assessment is scheduled for 2021.
i) Research Recommendations

STACFISecommended that investigations be undertaken to compare ages obtained by current and former
Canadian age readers.

STATUSWork is ongoing. This recommendation is reiterated.

STACFISecommends that investigations be undertaken to examine the retrospective pattern and takeps to
improve the model.
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STATUS: Sensitivity analysis was completed examining the impact of changing the model assumptions about
the Fratio on the plus group. These exploratory runs had varying impacts on the retrospective pattern and
residuals in themodel, and will be explored further. Work is ongoing. The recommendatids reiterated.

STACFISecommended that investigations be undertaken to reexamine which survey indices are included in
the model.

12. Yellowtail Flounder ( Limanda ferruginea ) in Divisi ons 3L, 3N and 30
(SCR 18/012, 18/017, 18/036, 18/038, 18/048; SCS 18/05, 18/06, 18/07, 18/08, 18/13, 18/14, 18/15)
a) Introduction

There was a moratorium on directed fishing from 1994 to 1997, and small catches were taken asdatch in
other fisheries. Thefishery was re-opened in 1998and catches increased from 4 400 t to 14 100 t in 2001
(Fig 12.1). Catches from 2001 to 2005 ranged from 11 000 t to 14 000 t. Since then, catches have been below
the TAC and in some years, have been very low. The low catet2006 was due to corporate restructuring and

a labour dispute in the Canadian fishing industry. Industry related factors continued to affect catches which
remained well below the TAC in since 2007. However, from 2013 to 2017, catches were higher, randirggnm
6900tto 10 700 t.

Recent catches and TACs (‘000 tons) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC 17 17 17 17 17 17 17 17 17 17
STATLANT 21 55 9.1 5.2 3.1 10.7 8.0 6.7 8.3 9.2
STACFIS 6.2 9.4 5.2 3.1 10.7 8.0 6.9 9.3 9.2
60
. TAC (ndf=0)
Catch
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=40
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o
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o 30
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S
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Fig. 12.1. Yellowtail flounder in Div. 3LNO: catches and TACs. No directed fishing is plotted as 0

TAC.
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b) Data Overview
i) Research survey data

Canadian stratified -random spring surveys . Although variable, the spring survey biomass indeincreased
from 1995 to 1999 and since fluctuated at a high level to 2012. The spring biomass index then declined to
2016, but increased slightly in 2017. The 2006 and 2015 surveys did not cover the stock area and are not
considered representative.
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Fig.12.2.  Yellowtail flounder in Div. 3LNO: indices of biomass with approx 95% confidence
intervals, from Canadian spring and autumn surveys. Values are Campelen units or,
prior to autumn 1995, Campelen equivalent units. The 2014 Canadian autumn, 2015 and
2016 spring surveys were incomplete.

Canadian stratified -random autumn surveys . The autumn survey biomass index for Div. 3LNO increased
steadily from the early-1990s to 2001, and although variable, it remained relatively high since then (Fig.

12.2). Thissurvey did not show the decline in biomass seen in the other surveys during the recent years. The
2014 survey was incomplete due to problems with the research vessel, and results are not considered
representative.

EU-Spain stratified -random spring surveys in the NAFO Regulatory Area of Div. 3NO. The biomass index
of yellowtail flounder increased sharply up to 1999 and remained relatively stable until 2013. Since then,
biomass estimates have declined and the 2017 estimate is lower than those seen in neaviy tdecades (Fig.
12.3). Results are in general agreement with the Canadian series which covers the entire stock area.
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Fig.12.3.  Yellowtail flounder in Div. 3LNO: index of biomass from the ESpain spring surveys in
the Regulatory Area of Div. 3NO +1SDValues are Campelen units or, prior to 2001,
Campelen equivalent units.

Stock distribution . In all surveys, yellowtail flounder wee most abundant in Div. 3N, in strata on the
Southeast Shoal and those immediately to the west (360, 361, 375 & 376), which straddle the Canadian 200
mile limit. Yellowtail flounder appeared to be more abundant in the Regulatory Area of Div. 3N in the 1999
2017 surveys than from 19841995, and the stock has continued to occupy the northern portion of its range
in Div. 3L, similar to the mid1980s when overall stock size was also relatively large. The vast majority of the
stock is found in waters shallowerthan 93 m in both seasons.

c) Estimation of Parameters.

The previous assessment used a neequilibrium surplus production model (ASPIC version7.02; Prager
2015) to estimate parameters for yellowtail flounder in Divs 3LNO. In the 2017 interim monitoring oflis
stock, concerns were raised about the insensitivity of ASPIC to respond to recent downward trends observed
in survey indices. An exploration of the ASPIC model formulation confirmed that the ASPIC view of the stock
trends does not react to known changgin the input tuning series. STACFIS did not accept the updated model
formulation using ASPIC. Alternate production models were presented, including a Bayesian formulation
(Meyer and Millar 1999) and a SPIiCT model (stochastic surplus production model irortinuous time;
Pedersen & Berg 2017), both of which used the same input series: Catch data (1B 7, Russian spring
surveys (1984-91), Canadian spring (Yankee) surveys (19782), Canadian spring (19842017 omitting 2006
and 2015) surveys, Canadian autum (1990-2017 omitting 2014) surveys and the EUSpain spring (1995
2017) surveys. The Bayesian model (with wide priors) was accepted as the assessment model for the stock,
based on a good model fit, insensitivity to starting priors and the model fit betteto the observed downward
trends in recent indices that were of concern using the ASPIC mod€he priors used in the model were:

Initial population size Pin~dunif(0.5, 1) uniform(0.5 to 1)
Intrinsic rate of natural increase r ~ dunif(0.01,1) uniform (0.01 to 1)
Carrying capacity K~dlnorm(2.703,0.2167) lognormal (mean, precision)
Survey catchability g ~dgamma(1,1) gamma(shape, rate)
Process error sigma ~ dunif(0,5) uniform(0 to 5)

isigma2= sigma?
Observation error tau~dgamma(1,1) gamma(shape, rate)

itau2 = 1/tau
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d) Assessment Results

Recruitment Total numbers of juveniles (<22 cm) from spring and autumn surveys by Canada and spring
surveys by EUSpain are given in Fig. 12.4 scaled to each series mean. Higkches of juveniles seen in the
autumn of 2004 and 2005 were not evident in either the Canadian or EBpain spring series. Although no
clear trend in recruitment is evident, the number of small fish has increased in the Canadian spring and fall
surveys from 2015, and in 2017, is above the 1998017 average. The spring survey by ESpain has shown
lower than average numbers of small fish since 2006.
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Fig.12.4.  Yellowtail flounder in Div. 3LNO: Juvenile abundance indices from spring and autumn
surveys by Canada and spring surveys by E8pain. Each series is scaled to its mean
(horizontal line).

Bayesian Stock Production ModdResults from the accepted Bayesian surplus production model are broadly
similar in scale and trend to the 2015 assessmémesults and the model better captures the downward trends
in recent indices. The stock size increased rapidly after the moratorium in the mi#l990s, levelled off from
2001-2012, and although it has declined in recent years, has remained aboBasy. Estimates from the model
suggests that a maximum sustainable yield{SY of 18 760 tons can be produced by total stock biomass of 87
630 tons (Bmsy) at a fishing mortality rate (Fmsy) of 0.21.

Biomass:The analysis showed that relative population size B/Bmsy) was below 1.0 from 1973 to 1997.
Relative biomass from the production model increased from 1994 to 2001, remained stable until 2012 and
then declined to 2016, although it is estimated to be 1.5 timeBnsyin 2018 (Fig. 12.5).
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Fig. 12.5.
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Yellowtail flounder in Div. 3LNO: relative biomass trends with approximate 90%
confidence intervals.

Fishing Mortality: Relative fishing mortality rate (F/Fmsy) was above 1.0, in particular from the miel980s to
early-1990s when the catches exceeded ormdbled the recommended TACs (Fig. 12.65.has been belowFmsy
since 1993. From 20132017 Faveraged about 30% Ofmsy.

Fig. 12.6.
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Yellowtail flounder in Div. 3LNO: relative fishing mortality trends with approximate
90% confidence intervals.
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e) State of the Stock

The gock size has steadily increased since 1994 arid presently 1.5 timesBmsy (Bmsy=87.63). There is very
low risk (<1%) of the stock being belowBmsy or F being aboveFmsy. Recent recruitment appears to be higher
than average.

In many years since the moratorium (199497), the catch remained below the estimated surplus production
levels and has keen low enough to allow the stock to grow (Fig 12.7).

45

—— Catch

40 .
——— Surplus production

35

30 |
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20

Catch (000t)

15
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O 1 1 1

0 0.5 1 15 2
Relative Biomass (B/Bmsy)
Fig. 12.7. Yellowtail flounder in Div. 3LNO: catch trajectory.

f)  Medium Term Considerations:

Medium-term projections were carried forward to the year 2022, and because the catch has been lower than
TAC in many recent years, catch in 2018 was assumed to be the average of that in 2DQB7 catch (8 800 t).
Constant fishing mortality was applied from2019-2022 at several levels of (Fstatus qug 2/3 Fmsy, and 85%Fmsy,
and Fmsy).

Fmsywas estimated to be 0.21. Fishing amsy would first lead to a considerable yield in 2019, but yields are
then projected to decline in the medium term with catch a/3 Fmsy, 85% Fmsy, andFmsy(Table 12.1; Fig. 12.8).
At the end of the projection period, the risk of biomass being beloBim is less than 1% in all cases.

The probability that F > Fim (=Fmsy) in 2019-2021 was less than .01 for théstaws quoprojection (Table 12.2). At
2/3 Fmsy, the probability that F >Fim was between .05 and .10 in the medium term. Projected at the level of
85% Fim, the probability that F >Fim is approximately 0.25 and ér Fmsyprojections, this probability increased
to 0.50. For biomass projections, in all scenarios for 2018022, the probability of biomass being belowBim
was less than 0.01The probability that biomass in 2022 is greater than Bus is 0.62, 0.37, 0.28 and 0.22 for
Fstatus qua 2/3 Fmsy, 85% Fmsy, andFmsyrespectively.
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Table 12.1. Medium-term projections for yellowtail flounder. Estimates and 90% confidence interval for
yield and relative biomassB/ Bmsy, are shown, for projectedF values of Fstatus qua 2/3 Fmsy,
85%Fmsyand Fmsy. Catch in 2018 was assumed at 8 800 t (average catch 202317).

Projections with catch in 2018 = avg catch 2013-2017 (8 800 t)
Year Yield ('0O00t) Projected relative Biomad3/B )
median median (90% CL)
Fstatus quo = 007
2019 9.14 1.56 (1.07, 2.1)
2020 9.30 1.59 (1.09, 2.14)
2021 9.41 1.62(1.11,2.17)
2022 1.63(1.12,2.19)
2[3 Fysy=0.14
2019 19.52 1.56 (1.07, 2.1)
2020 18.41 1.47 (0.99, 2)
2021 17.77 1.42 (0.93, 1.96)
2022 1.39(0.89, 1.93)
85% Fysy=0.18
2019 24.88 156 (1.07,2.1)
2020 22.49 1.41 (0.94, 1.94)
2021 21.09 1.32(0.85, 1.86)
2022 1.27(0.77,1.82)
Fusy=0.21
2019 29.28 156 (1.07,2.1)
2020 25.50 1.36 (0.9, 1.88)
2021 23.37 1.25(0.77,1.79)
2022 1.17 (0.67, 1.73)

Table 12.2. Yield (000 t) and risk (%) of By<Bmsy and Fy>Fmsy (Fim=Fmsy) at projected F values ofFstatus qug
2/3 Fmsy, 85% Fmsy and Fmsy. Catch in 2018 was assumed at 8 800 t (average catch 2013

2017).
9EAI A | On| P(F>Fim) P(B>Bim) B>Bus
2019 2020 2021 | 2019 2020 2021 | 2019 2020 2021 2022 | 2019 2020 2021 2022 | P(Bxz2>Bzors)
Feawsqw=0.07 | 9.14 930 941 | <1% <1% <1% | <1% <1% <1%  <1% 3% 3% 3% 2% 62%
2/3 Fusy=0.14 | 1952 1841 17.77 | 6% % 8% | <1%  <1% <1% = <1% 3% 5% 7% 10% 37%
85% Fusy=0.18 | 24.88 2249 2109 | 25%  25%  27% | <1%  <1% <1%  <1% 3% 7% 12% 18% 28%
Fusy= 0.21 2028 2550 2337 | 50% 50%  50% | <1% @ <1% <1% = <1% 3% 9% 18% 27% 22%
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Fig. 12.8. Yellowtail flounder in Div. 3LNO: stochastic projections from 2018022 at four levels of
F (status quo, 2/3 Fmsy, 85% Fmsy and Fmsy). Top panel shows projected yield and lower
panel is projected relative biomass ratios B/Bmsy).

g) Reference Points:

The stock is presently 1.5 timeBmsy(Bmsy=87.63) and F is below Fmsy (Fig. 12.9). Scientific Council considers
that 30% Bmsyis a suitable limit reference point Bim) for stocks where a production model is used. At present,
the risk of the stock being belowBim = 30% Bmsyis very low (<19%).
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Fig. 12.9. Yellowtail flounder in Div. 3LNO: stock trajectory estimated in the surpis production
analysis, under a precautionary approach framework.

Currently the biomass is estimated to be abovBim and F,below Fim (=Fmsy) with high probability, so the stock
is in the safe zone as defined in the NAFO Precautionary Approdetamework.

The next assessment is planned for 2021.
h) Recommendation

In 2017, STACFIg&ecommended further investigation of the stock production model formulation used to assess
this stock and/or alternate models that would be more responsive to the indigesttie next full assessment of
this stock.

STATUS: Sensitivity of the ASPIC formulation to observed declines in survey indices was explored and this
formulation was found to be unresponsive to changing indices. Alternate production models were examined,
and a Bayesian model, which fit the trends in the indices better, was accepted on which to base advice for this
stock.
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13. Witch Flounder ( Glyptocephalus cynoglossus) in Divs 3N and 30

(Full assessment report. SCR Docs 18/14 18/15, 18/03, 18/05, 18/2518/53; SCS Docs. 18/05, 18/06, 18/07,
18/08, 18/13)

a) Introduction

This stock underwent full assessmenin 2014 based on survey indices, and in 2015 and 2017 utilizing a
surplus production model in a Bayesian framework.  Witch flounder in Divs. 3NO was under moratorium to
directed fishing from 1995 to 2014. Reported catches in the period 197284 ranged from a low of about
2,400 tonnes (t) in 1980 and 1981 to a high of about 9,200 t in 1972 (Fig. 13.1). Catches increased to around
9,000 t in the mid1980s but then declined steadily to less than 1,200 t in 1995 when a moratorium was
imposed on he stock. During the moratorium, bycatch averaged below 500 t. The NAFO Fisheries
Commission reintroduced a 1,000 t TAC for 2015 and in 2015 set a TAC for 2016 and 2017 at 2,172 t and
2,225 t respectively. Not all Contracting Parties with quota resumedirected fishing for witch flounder. In
2017 total catch was estimated to be 656 t.

Table 13.1 Recent catches and TACs (‘000 t) of witch flounder in NAFO Divs. 3NO

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf ndf ndf ndf ndf ndf ndf 1.0 2.2 2.2 11

STATLANT 21A 0.2 0.1 0.4 04 03 0.3 0.3 0.4 1.0 0.6
STACFIS 0.3 0.4 0.4 04 03 0.3 0.3 0.4 11 0.7

ndf = no directed fishery.

16

Catch

14 |

12 ¢

Catch/TAC
o]

O bbb bbb bbbl 11 1L 11 33443 ddédiddididdddiil
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Year

Fig. 13.1. Witch flounder in Divs. 3NO (19662 01 7) : Cat ch and TAC (000 ton
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b) Data Overview
i) Commercial fishery data

Length frequencies. Length frequencies were available from observer data for Canadian witch flounder
directed and bycatch fisheries in NAFO Div. 30 in 201Canadian data indicated the catch and bycatch
ranged between 35 and 50 crvith a mean length of 42 cm (Fig. 13.2)Length frequencies were available
from bycatches in directed fisheries for yellowtail flounder, redfish, Greenland halibut, and skate by Spain, in
2017 (Fig. 13.2). The Spanish data (SCS 18/04) from Divs. 3NO gated most of the witch flounder catch and
bycatch was between 28 and 46 cm in length (Fig. 13.2).

0.5

04

03

02

Propotion at length

O 1 1 1 1 1
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Length (cm)
Fig. 13.2.  Witch flounder length frequency (cm) distributions for Canada (NAFO Div. 30) and
Spain (NAFO Divs. 3NO) commercial bycatch and directed fisheries in 2017.

ii) Research survey data

Canadian spring RV survey. Due to substantial coverage deficiencies, valuesofn 2006 are not presented.
The biomass index, although variable, had shown a general decreasing trend from 1985 to 1998, a general
increasing trend from 1998 to 2003, and a general decreasing trend from 2003 to 2010. From 2010 to 2013
the index increasel to values near the series high from 1987 (Figl3.3). Biomass indices declined
substantially from a high in 2013 to a value 49% of the time series average in 2015. Biomass indices
increased slightly in 2016 to a value of 78% of the time series mean and in 2017 to a value equivalent to the
time series mean (Fig13.3).
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Fig. 13.3. Witch flounder length frequency (cm) distributions for Canada (NAFO Div. 30) and
Spain (NAFO Divs. 3NO) commercial bycatch and directed fisheries in 2017.

Canadian autumn RV survey. Due to operational difficulties thee was no 2014 autumn survey. The
biomass indices showed a general increasing trend from 1996 to 2009 but have declined since to 57% of the
time series average in 2016 (Fig. 13.4). Biomass indices in 2017 increased slightly to a level 64% of the time
series mean.
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Fig. 13.4. Witch flounder in Divs. 3NO: biomass indices (‘000 t) from Canadian autumn surveys
1990-2017 (95% confidence limits are given). Values are Campelen units or, prior to
1996, Campelen equivalent units.
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EU-Spain RV spring survey. Suwreys have been conducted annually from 1995 to 2017 by E8pain in the
NAFO Regulatory Area in Divs. 3NO to a maximum depth of 1,450 m (since 1998). In 2001, the ve¢83aya
de Menduifia and survey gear (Pedreira) were replaced by the R/Wizconde de Exusing a Campelen trawl
(NAFO SCR 05/25). Data for witch flounder prior to 2001 have not been converted and therefore data from the
two time series cannot be compared. In the Pedreira series, the biomass increased from 12880 but declined

in 2001. Inthe Campelenseries, the biomass index increased from 2014 to 201{Fig. 13.5).
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Fig. 13.5. Witch flounder in Divs. 3NO: biomass indices from EQpanish Div. 3NO spring surveys
(z 1 standard deviation). Data from 19952001 is in Pedreiraunits; data from 2001-
2017 are Campelen units. Both values are presented for 2001.

Abundance at length. Abundance at length in the Canadian spring rv surveys appears to be fairly consistent
since 2000 with few fish greater than 50 cm, and a mode genenalaround 3840 cm (Fig. 13.6). However,
since 2007 there has been an increase in the number of larger fish in the-46 cm range except for an
anomalous 3035 cm range encountered in 2014 (Fig. 13.6). Abundance at length in the Spanish spring rv
surveys was fairly consistent at 3335 cm from 2001 to 2007 (a smaller range than the Canadian surveys
during the same time period). From 2008 to 2017 the size range has generally increased with more fish in
the 38-40 cm range (Fig 13.6). In 2016 the mode wa24m which was higher than the rest of the time series
(Fig. 13.6).

There were a small number of distinctive peaks in the -85 cm range (recruitment year classes) in both
surveys that were evident and could be followed through successive years. This inbdd the periods from
2007 to 2009 in the Canadian spring series and from 20022006 in the Spanish spring series (Fig. 13.6). A
distinctive recruitment peak in the 10 cm range was also evident in the 2017 Canadian autumn rv survey (Fig.
13.6).
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Fig. 13.6. Length frequencies (abundance at length) of witch flounder from spring Canadian

(2003-2017) and Spanish (20032017) rv surveys in NAFO Divs.3NO. No Canadian
survey data was available in spring 2006 or autumn 2014.

Distribution . Analysis ofdistribution data from the surveys show thatthis stock is mainly distributed in Div.
30 along the southwestern slopes of the Grand Bank. In most years the distribution is concentrated toward
the slopes but in certain years, an increased percentage may destributed in shallower water. A 2014
analysis of Canadian biomass proportions by depth aggregated across survey years (spring 12844 and
fall 1990-2014) indicated that in Div. 3N both spring and fall biomass proportions were fairly evenly
distributed over a depth range of 57914 m while those in 30 were more restricted to a shallower depth
range of 57183m. Distributions of juvenile fish (less than 21 cm) were slightly more prevalent in shallower
water during autumn surveys. It is possible howeverthat the juvenile distribution may be more related to
the overall pattern of witch flounder being more widespread in shallower waters during the posspawning
autumn period. In years where all strata were surveyed to a depth of 1462 m in the autumn saw
generally less than 5% of the Divs. 3NO biomass was found in the deeper strata (713162 m).

c) Estimation of Parameters

A surplus production model in a Bayesian framework was used for the assessment of this stock. The input
data were catch from 19602017, Canadian spring survey series from 1984990, Canadian spring survey
series from 1991-2017 (no 2006) and the Canadian autumn survey series from 1992017 (no 2014).
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The priors used in the model were:

Initial population size Pin~dunif(0.5, 1) uniform(0.5 to 1)

Intrinsic rate of natural increase r ~ dlnorm( -1.763,3.252) lognormal (mean, precision)
Carrying capacity K~dInorm(4.562,11.6) lognormal (mean, precision)
Survey catchability g =1/pq gamma(shape, rate)

pg ~dgamma(1,1)

Process error sigma ~ dunif(0,10) uniform(0 to 10)
isigma2= sigma?

Observation error tau~dgamma(1,1) gamma(shape, rate)
itau2 = 1/tau

The formulation used in the 2017 assessment of this stock had very large process error and this process error
had trend. In addition, the model predicted fall survey indices were above the observations in the last 3
years. The survey indices have been déning faster than can be explained by the process being modelled. To
account for this a change was made to thmodel to allow process error to increase in 2014, 2015 and 2016
compared to the rest of the years (the sigma parameter was increased by 1 irose years).

This resulted in large process error in 2014 and 2015 but much smaller overall process error with no trend
and a better fit to the fall survey index. This change to the formulation is a way to account for an apparent
change in state of thepopulation that is not captured in the process being modelledThere is increased
structural uncertainty which is not reflected in the overall uncertainty used in the projections of stock status.
The decline in biomass from 2014 to 2016 estimated using theresent formulation is consistent with
declines in other fish species on the Grand Bank and with changes in other components of the ecosystem.

d) Assessment Results

Recruitment Recruitment (defined as fish less than 21cm) in both the spring and fall Canadi surveys
although somewhat variable has generally been low since 2003 (Fig. 13.7)Recruitment in spring and fall
surveys in 2016 approached the lowest of the time series (Fig. 13.7). Recruitment in 2017 surveys increased
in the fall to a value just dove the time series mean while those in the spring increased to a value
approaching the time series mean (Fig3.7).
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Fig. 13.7. Recruitment index of witch flounder (<21cm) from spring and fall Canadian rv surveys
in NAFO Divs.3NO 1992017. Nosurvey data available in fall 2014 or spring 2006.

Stock Production ModelThe surplus production model results indicate that stock size decreased from the late
1960s to the late 1990s and then increased from 1999 to 2013. There was a large decline fronmi20o 2015.
The model suggests that a maximum sustainable yielSY of 3 774 (2 252- 5 690) tonnes can be produced
by total stock biomass of 59 910 (37 910 81 910) tonnes Bmsy) at a fishing mortality rate (Fmsy) of 0.06 (0.04
0.12) (Fig. 13.8).

Biomass:The analysis showed that relative population size (media/Bmsy) was below Bim=30%Busy from
1993-1998 (Fig. 13.8). Biomass in 2018 is 0.37 &usywith a probability of being below Bim of 0.29.
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Fig. 13.8. Witch flounder in Divs. 3NO.Median relative biomass Biomass/Busy with 90% credible
intervals from 1960-2018. The horizontal line isBim=30%Busv.

Fishing Mortality: Relative fishing mortality rate (medianF/Fmsy) was mostly above 1.0 from the late 1960s to
the mid-1990s (Fig. 139). F has been belowFnsy since the moratorium implemented in 1995. MediarF was
estimated to be 50% ofFmsywith a very low probability of being aboveFmsyin 2017.
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Fig. 13.9. Witch flounder in Divs. 3NO. Median relative fishing mortality F/Fmsy with 90%
credible intervals from 1960-2017. The horizontal line isFim=Fusy.
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e) State of the Stock

The dock size increased since 1999 to about 2010 and then declined after 2013 and is now at 3B¥}sy (Bmsy

= 60 000 t). There is presently a29% risk of the stock being belowBim and a 4% risk ofF being aboveFim.
Recruitment in 2017 surveys increased inhie fall to a value just above the time series mean while those in the
spring increased to a value approaching the time series mean (Fig.7).

f)  Medium Term Considerations

The posterior distributions (13500 samples) for r, K, sigma, and biomass and the praction model equation
were used to project the population to 2021. All projections assumed that the catch in 2018 was equal to the
TAC of 1 116 t(which produces Fzo1g). This assumption was based on reported catches to the end of April
2018 of almost 600 t.This was followed by constant fishing mortality for 2019 and 2020 at several levels &f
(F=0, Ro17, 2/3 Fusy, 85% Fusy, andFusy).

The probability that F >Fim in 2018 is 30% at a catch of 1 116 t. The probability of Fm ranged from 7 to
50% for the catch scenarios tested (Table 13.2, 13.3). The population is projected to grow under all scenarios
(Fig. 13.10) and the probability that the biomass in 2021 is great than the biomass in 2018 is greater than
60% in all scenarios. The population is projected to remain beloBusyfor all levels of F examined with a
probability of greater than 90%. The probability of projected biomass being belovBim by 2021 was 19 to
24% in all catch scenarios examined and was 15% by 2021 in the F=0 scenario.

Northwest Atlantic Fisheries Organization www.nafo.int



STACFISO1 —14 June 20B 221

Table 13.10. Medium-term projections for witch flounder. The median projected yield and 5th, 50th
and 95th percentiles of relative biomass/ Bmsy, are shown, forprojected F values of F=0,

Fo17, 2/3 Fmsy, 85% Fmsyand Fmsy.

Projections with catch in 2018 =1 116t

Median Median (90% CI)
F=0 Projected Yield (t) | Projected Relative Biomassky /B msy)
2019 0 0.39 (0.19, 0.91)
2020 0 0.43 (0.21, 1.02)
2021 0.48 (0.23,1.12)
F2017=0.03 Projected Yield (t) | Projected Relative BiomassHy /B msy)
2019 740 0.39 (0.19, 0.91)
2020 792 0.42 (0.20, 1.00)
2021 0.45 (0.20, 1.09)
2/3 Fmsy=0.04 | Projected Yield (t) | Projected Relative BiomassHy /B msy)
2019 979 0.39 (0.19, 0.91)
2020 1035 0.42 (0.19, 0.99)
2021 0.44 (0.19, 1.08)

85% Fmsy=0.05

Projected Yield (t)

Projected Relative BiomassBy /B msy)

2019 1248 0.39 (0.19, 0.91)
2020 1306 0.41 (0.19, 0.99)
2021 0.43 (0.19, 1.06)
Fmsy=0.06 Projected Yield (t) | Projected Relative BiomassHy /B msy)
2019 1468 0.39 (0.19, 0.91)
2020 1522 0.41 (0.19, 0.98)
2021 0.42 (0.18, 1.05)

Northwest Atlantic Fisheries Organization

www.nafo.int



222

STACFISO1 —14 June 20B

Table 13.3. Projected yield (t) and the risk of F>Rim, B<Bim and B<Busvand probability of stock growth
(B2021>B2o18) under projected F values of F=0, F2017, 2/Bwsy, 85% Fusy andFuvsy.

Yield | Yield P(F>Fim) P(B<Bim) P(B<Busy) P (B2021>Bz018)
2019 | 2020
2019 | 2020 | 2019 | 2020 | 2021 | 2019 | 2020 | 2021
F=0 0 0 0 0 26% | 20% | 15% | 96% | 95% | 93% | 72%
F2017=0.03 740 792 7% 8% 26% | 22% | 19% | 96% | 95% | 93% | 67%
2/3 Fmsy=0.04 | 979 1035 | 19% | 20% | 26% | 23% | 21% | 96% | 95% | 94% | 65%
85%Fmsy=0.05| 1248 | 1306 | 36% | 37% | 26% | 24% | 23% | 96% | 95% | 94% | 63%
Fmsy=0.06 1468 | 1522 | 50% | 50% | 26% | 25% | 24% | 96% | 95% | 94% | 61%
0.8
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Fig. 13.10. Witch flounder in Divs. 3NO: medium term projections of relative biomassB/Bmsy) at
five levels ofF (F=0, F2017, 2/3Fmsy, 85% Fmsyand Fmsy). A catch of 1,116 t is assumed in

2018.

g) Reference Points
Reference points are estimated from thewrplus production model. Scientific Council considers that 309Bmsy
is a suitable biomass limit reference point Bim) and Fmsya suitable fishing mortality limit reference point for
stocks where a production model is used.

At present, the risk of the stock being belovBim is 0.29 and aboverim is 0.04(Fig. 13.11).
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Fig.13.11. Witch flounder in Divs. 3NO:stock trajectory estimated in the surplus production
analysis, under a precautionary approach framework.

h) Recommendations

STACFISecommends that the prior distributions be further explored for the surplus production model for
witch flounder in Div. 3NO.

Length frequency distributions for this stock do not show evidence of recruitment during the period when the
stock was increasing.STACFIS ecommends that recruitment to this stock be further investigated, including
the distribution of small fish throughout the 3LNOPs area.

The next assessment is planned for 2020.

14. Capelin (Mallotus villosus) in Divs. 3NO
(SCR Doc. 18/046, SCS Doc. 18/007)
a) Introduction

The fishery for capelin started in 1971 and catch was highest in the mit970s with a maximum catch of

132000 t in 1975. The directed fishery was closed in 1992 and the closure has continued through 2017 (Fig.

14.1). No catches have been repagtl for this stock from 1993 except 1 t of Spanish catch in 2014 and 5 t
Estonian catch in 2016. 11 t of discards was reported
and STACFIS (t) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC
STATLANT 21

ndf ndf ndf ndf ndf ndf ndf ndf ndf ndf
0 0 0 0 0 1 0 5 0

ndf no directed fishing
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Fig. 14.1. Capelin in Div. 3NO: catches and TACs.
b) Data Overview
i) Commercial catches data

For the recent period, only catches from Spaifor 2017 is available. In this year 300 kg was caught. Based on
samples taken from catches, mean capelin length (combined sex) was 14 cm for Div. 30 and 13 cm for Div. 3N.

i) Research survey data

Acoustic surveys of the capelin stock in Divisions 3NO were cducted by the USSR/Russia in 1973994 and
Canada in 19811992. Now, it is difficult to compare the results of these surveys since most of Russian suveys
covered Divisions 3LNO. Maximum stock size was registered in 1988 and then an abrupt decline was
observed after 1990 (Fig.14.2).
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Fig.14.2. Estimate of capelin stock according to the data of Russian and Canadian acoustic survey
in 1975-1994

Trawl acoustic surveys of capelin on the Grand Bank previously conducted by Russia and Canada on a regular
basis have not been repeated since 1995. In recent years, STACFIS has repeatedly recommended investigation
of the capelin stock in Div. 3NO utilizingrawl -acoustic surveys to allow comparison with historical time
series. However, this recommendation has not been acted upon. The only indicator of stock dynamics
presently available may be capelin biomass indices obtained during Canadian stratifieandom spring trawl
surveys. In 19962017, when a Campelen trawl was used as a sampling gear, survey biomass index of capelin
in Div. 3NO varied from 3.8 to 227Kt (Fig.14.3), and the average value for this period is 42&t. In 2005,
survey biomass index of apelin in Div. 3NO was 3.Kt, the lowest level since 1996; estimates in 2006 are not
compatible because of poor cover in that year. In 2008 the biomass indekarply increased to 114Kt and
decreased in next three years to the level of 4Kt in 2011. In 2013 biomass index was 74.XKt and
considerably increased in 2014 to the highest level of the entire period 227 Kt. In 20152016 biomass
indices declined to thehistorical minimum 3.8 Kt and increased agairto 78.7 K in 2017.
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Fig. 14.3. Capelinin Div. 3NO: survey biomass index from Canadian spring surveys in 192617

Data from EUSpain trawl surveys in Divs. 3NO for 1992017 is also available(Fig. 14.4) Data from 1997

2000 aretransformed C/ V “ Pl aya de Mendui 2002204 7b&®/ Y¥omyYarzabindewi
data. For this period stratified mean catches varied between 0.001 and 0.15 t. Survey catches reached its

maximum value in 2012 and declined in next 5 years for the level of 0.005 t in 2017.
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Fig. 14.4. Biomass index and standard deviations of capelin (1992017) based on EUSpain trawl
surveys.1997-2 000 data are transformed C/ M2017PI| aya d
data are original f r olm20@/ there ‘ar¢ datacfarm thetwad e Ez a”
vessels.

Survey estimates of capelin biomass shows very similar trend as catches, with the same peaks. In 2012
maximum biomass level was observed. It was 134 th. t. For the period 20P®17 biomass sharply declined
from 32 Kt to 4 K.
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c) Estimation of Stock Paramet ers

Since interpolation by density of bottom trawl catches to the area of strata for pelagic fish species such as
capelin can lead to significant deviation of the total biomass, the average value of all Fmero catches was
used as an index for evaluatiorof the stock biomass in 199€2017. However, if the proportion of zero and
non-zero catches change, the index may not be comparable between years.

Survey catches were standardized to 1 kinfor Engel and Campelen trawl data. Trawl sets which did not
contain capelin were not included in the account. The confidence intervals around the average catch index
were obtained by bootstrapping of standardized catch values. According to data from 192817, the mean
catch varied between 0.05 and 2 t/kr. In 2017 this \alue was 1.2 t/k? (Fig. 14.5).

Bottom-trawling is not a satisfactory basis for a stock assessment of a pelagic species and survey results are
indicative only.
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Fig. 14.5. Capelin in Div. 3NO: mean catch from Canadian spring surveys in 198817. Estimaes
prior to 1996 are from Engel and from 19962017 are from Campelen.

d) Assessment Results

Acoustic surveys series terminated in 1994 indicated a stock at a low level. Although biomass indices have
increased in recent years, bottom trawl surveys are not considerea satisfactory basis for a stock assessment
of a pelagic species

e) Precautionary Re ference Points
STACFIS is not in a position to determine biological reference points for capelin in Div. 3NO.
f) Research recommendations

STACEFIS reiterates itsecommendation that initial investigations to evaluate the status of capelin in DBNO
should uilize trawl acoustic surveys to allow comparison with the historical time series.

The next assessment is planned f&021.
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15. Redfish (Sebastes mentella and Sebastes fasciatus) in Div. 30
Interim Monitoring Report (SCR Doc. 18/12; SCS Doc. 18/ 05, 06, 08, 03, 15)
a) Introduction

There are two species of redfistthat have been commercially fished in Div. 30; the deegea redfish(Sebastes
mentella) and the Acadian redfish(Sebastes fasciag). The external characteristics are very similar, making
them difficult to distinguish, and as a consequence they are reported collectively as "redfish" in the
commercial fishery statisticsand RV surveys. WithinCanadas fishery zone redfish in Div. 30 have been
under TAC regulation since 1974 andvith a minimum size limit of 22 cm since 1995 Catch was only
regulated by mesh size in the NRA of Div. 3@rior to the Fisheries Commission adophg a TACin 2004.
Initially, TAC was implemented at a level of 2000 tons for 20052008 and has remained at that levelThis
TAC applies to the entire area of Div. 30he stock was most recently assessed in 2016.

Nominal catches have ranged between 800 tons and 35000 tons since 1960and have been highly variable
with several distinct periods of rapid increase and decreaséFig. 15.1).Up to 1986 catches averaged 1800
tons, increased rapidly and peaked aB5 000 tons in 1988, then declined to 5 100 tons by 1997. Catches
totaled 20 000 tons in 2001, then it declined to 4 000 tons in 2008. Catch was relatively stable between 7500
t and 9000 t during the recent period (2013 to 2017). Catch wag500 tons in 2017.

Recentcatches and TACs (‘000 t) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC 20 20 20 20 20 20 20 20 20 20
STATLANT 21 6.3 6.5 6.0 6.4 7.5 7.6 7.9 8.9 7.5
STACFIS 6.4 5.2 6.0 6.4 7.5 7.6 8.4 9.0 7.5
40
35 | - TAC
30 - Catch
25 |
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Fig. 15.1. Redfish in Div. 30:Catches and TACsTACs prior to 2004 applied only to Canadian
waters.
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b) Data Overview
i) Surveys

Canadian spring and autumn surveys were conducted iBiv. 30 during 2017. The spring biomass index
increased steadily from 2008 to 2012, while the autumn biomass index increased from 2008 to 2010, then it
remained stable to 2012. Both indices have decreased considerably since 2012 with the autumn index in
2016 and 2017 near the time-series low. For the spring and autumn series, the 207 biomass indices were
46% and 2% respectively, of the average values over 2012012. Since 2012 trends in abundanceindices
were very similar to thosein biomassindices.
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Fig. 15.2. Redfish in Div. 30:Survey biomass indces from Canadian RV surveys in Div. 30
(Campelen equivalent estimates prior to autumn 199)

c) Estimation of Stock Parameters
There is no assessment model for this stock and survey indices are used to assess stock statu
d) Catch/Biomass ratio

A fishing mortality proxy was derived from the ratio o
(year n) and Autumn (year = nl) survey biomass. Since 1998, the fishing mortality proxy was highest from
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2001 to 2003, with a secondary peak in 2006, and lowest during the period 2007 to 2014. The fishing
mortality proxy increased during the 2014 to 2016 period but values have remained below the 2006
secondary peak since 2014.
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Fig. 15.3. Redfish in Div. 30Catch/survey biomassratios for Div. 30. Biomass was calculated as
the average survey biomass between spring (n) and autumn {h) for year (n) in which
catch was taken. The 2006 and 2014 values of biomass come from the autumn and
spring surveys respectively.

e) Conclusion

Catches increasd from 2010 to 2016 as a dominant recruitment pulse entered the fisherybut catch
decreased slightly in 2017.9ring and fall Canadian arvey indices were near the time-series peaks during
2010 to 2012, but values have generally decreased since then, abdth the 2016 and 2017 fall values were
near the time-series low. Persistent and high variability in thebiomassindices makes it difficult to reconcile
year-to-year changes.The fishing mortality proxy wasat the lowest levels of the time series during 2007

to 2014, but moderately higher values have been observed since then. Given the high variability in the
survey indices and the long lifespan of redfish there is nothing to indicate a change in the stias of the stock.

The nextassessment is planned foR019.
f) Research Recommendations

In 2016, STACFI$ecommended that for Redfish in Div. 30, work continue on developagecruitment index
with sizes close to those recruiting to the fishery.

STATUS: No progress has been made

16. Thorny s kate (Amblyraja radiata ) in Divs 3L, 3N, 30 and Subdiv. 3Ps
(SCR Doc. 18/13,17,18,27 SCS Doc. 18/07,08,13,15)
a) Introduction

Thorny Skate on the Grand Banks was first assessed by Canada for the stock unit 3LNOPs. Subsequent
Canadian assessments also provided advice for Dig.NOPs. However, SubdivisioB8Ps is presently managed
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as a separate unit by Canada and France in theirsgective EEZs, and Div8LNO in the NAFO Regulatory

Area (NRA) is managed by NAFBased on this species’ continuous di st
barriers between Divs.3LNO and Subdiv3Ps, Thorny Skate in Divi3LNOPs is considered to constité& a

single stock.

Catch History

Commercial catches of skates contain a mix of skate species. However, Thorny Skate dominates, comprising
about 95% of skate species taken in Canadian and Hpain catches. Thus, the skate fishery on the Grand
Banks can be onsidered a fishery for Thorny Skate. In 2005, NAFBisheries Commission established &otal
Allowable Catch TAC) of 13500 tfor Thorny Skate in the NRA of Div8LNO (ig.16.1). This TACwas
lowered to 12000t for 2010-2011, and to 8500 tons for 2012. The TAC was further reduced to @00t for
2013-2018.In Subdiv.3Ps, Canada established a TAC 0030 tons in 1997, which has not changed.

Catches from the NRA of DivSLNOQOincreased inthe mid-1980s with the commencement of a directed fishery
for Thorny Skate (ig.16.1). The main participants in this new fishery were Spain, Portugal, USSR, and the
Republic of Korea. Catches from all countries in DiVBLNOPs over 19851991 averaged 17058 t; with a peak

of 28408t in 1991 (STATLANT21A). From 19921995, catches of Thorny Skate declined to an average of
75541, however, there are substantial uncertainties concerning reported skate catches prior to 1996.
Average STACFKagreed catch forDivs.3LNO in2010-2016 was 4063 t, and for Subdiv. 3Ps 373.tSTACFIS
catchin 2017 totaled 4 463t for Divs.3LNO and605 t for Subdiv.3Ps.

Recent nominal catches and TACs (0@0ns) in Divs.3LNO and Subdiv3Ps are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Divs. 3LNO:

TAC 135 12 12 8.5 7 7 7 7 7 7
STATLANTF21A 5.7 54 55 4.3 4.4 4.5 33 35 4.2
STACFIS 5.6 3.1 5.4 4.3 4.4 4.5 34 3.5 4.5

Subdiv. 3Ps:

TAC 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
STATLANT21A 0.6 0.3 0.5 0.4 0.3 0.2 0.2 0.7 0.6

Divs. 3LNOPs:

STATLANT21A 6.3 5.7 6.1 4.6 4.6 4.7 3.6 4.1 4.8
STACFIS 6.2 3.4 59 4.6 4.6 4.7 3.7 4.1 51
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Fig.16.1. Thorny Skate in Divs3LNO and Subdiv3Ps,1985-2017: reportedlandings and TAC.

b) Data Overview
i) Commercial fisheries

Thorny Skates from either commercial or research survey catches are currently not aged.

Commercial length frequencies of skates weravailable for EUSpain (19851991, 1997-2017), EU-Portugal
(2002-2004, 2006-2011, 2013 2017), Russia (19982008, 2011-2012, 2015-2016), and Canada (1994008,
2010, 2012-2017).

From skatedirected trawl fisheries (280 mm mesh) in the NRA of Div3LNO owr 2011-2017, EUSpain
reported 19-97 cm TL skates (mode 48cm), with a small number of yourgf-the-year (<21 cm) caught in
2013-2014 and 2017.In 2013 using 280mm mesh EUPortugal caught26-85 cm skates(mode: 49-50 cm) in
Div. 3N.

In trawl fisheries targeting other species (130135 mm mesh) in Div.3LNO (NRA) EU-Portugal reported
skate bycatch ranging from 3684 cm TL (modes: 60, 7&m) in 2011, a 2584 cm range (modes: 49, 7@m) in
2013, and 46-88cm (mode: 72cm) in 2017. Russian trawlers in the Div3L Greenland Halibut fishery
reported 33-78 cm skates (nmean=67cm) in 2012, and a35-82 cm range in 2013. h the Div.3LO redfish
fishery, Russia reported 5884 cm skates in 20132014 (2013 mean=72cm; 2014 mean=61cm), a3 58 & m
range (mean®GIL B8 meacnm 6i8n300Di viin 20X, mMmland m8&amy 7 i
2 0 116 2014, Canadian longliners directing for Atlantic Cod in Subdi@Ps caught 5387 cm skates (mode:
72 cm). Thorny Skates caught in the DiVOB+2GHJ3K shrimp fisheries (usig a sizeselective groundfish
excluder) ranged between 941 cm in 2015, and 2016. In the DIV3L redfish fishery, skates varied between
27-93 cm in 2016 and 2017. Canadian trawlers in the DIBNO Yellowtail Flounder fishery in 2016 and 2017
caught 24101 cm (modes: 42 cm, 72 cm) and 281 cm skates (modes: 58 cm, 74 cm), respectively. In 2017,
skates trawled in the Div.30 Witch Flounder fishery ranged between 4200 cm (mode: 80cm).

No standardized commercial catch per unit effort (CPUE) exists faihorny Skate.
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i) Research surveys

Canadian spring surveys . Stratified-random research surveys have been conducted by Canada in DBSNO
and Subdiv.3Ps in spring; using a Yankeél.5 otter trawl in 1972-1982, an Engell45 otter trawl in 1984 -
1995, and a Cmpelen 1800 shrimp trawl in 1996-2017. Subdiv.3Ps was not surveyed in 2006, nor was the
deeper portion (>103m) of Divs.3NO in that year, due to mechanical difficulties on Canadian research
vesselsIn 2015 and 2017, several strata were not sampled in RBi3L, thus potentially impacting biomass and
abundance estimates of Thorny Skate.

Indices for Divs. 3LNOPs in 19721982 (Yankeeseries) fluctuated without trend (Fig. 16.2a).

30 50

25 +

20 +

20
10
15

1972 1974 1976 1978 1980 1982 1972 1974 1976 1978 1980 1982

Biomass Index

Abundance Index

Year Year

Fig.16.2a. Thorny Skate in Diw. 3LNOPs 1972-1983: abundance(left panel) and biomass (right
panel) indices from Canadian spring surveys

Survey coverage was poor in the Canadian spring survéy Div. 3L in 2017. The missing strata typically
contain ~5-10% of the total biomass in years when these strata are surveyetherefore, the most recent
point on the biomass index may be an underestimatelotal survey biomassn Divs. 3LNOPs has remained
stable since 2007.
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Fig.16.2b. Thorny Skate in Divs3LNOPs, 19842017: abundance (top panel) and biomass (bottom
panel) indices from Canadian spring surveysSuveys in 2015 and 2017(open circles)
were incomplete.

Canadian autumn surveys. Stratified-random research surveys have been conductedy Canada in
Divs.3LNO in the autumn, using an Engdl5 otter trawl in 1990-1994 and a Campeled 800 shrimp trawl in
1995-2017, to depths of ~1 450 m..

Autumn survey indices, similar to spring estimates, declined during the early 1990s. Catch rates hayeen
stable at very low levels since 1995 (Fidl6.3). Divs.3NO were not sampled in 2014 due to mechanical
difficulties on Canadian research vessels. Autumn indices of abundance and biomass are, on average, higher
than spring estimates. This is expectedyecause Thorny Skates are found deeper than the maximum depths
surveyed in spring (~750 m), and are more deeply distributed during winter/spring.
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Fig.16.3. Thorny Skate inDivs.3LNOPs, 19962017: abundance (top panel) and biomass (bottom
panel) indices from Canadian autumn surveys.

EU-Spain Divs. 3NO Survey.EU-Spain survey indices Campelen or equivalent)are available for 19972017.
The survey only occurs in the NAFO Regulatory Area, thus neampling the entire Divisions.The biomass
trajectory from the EU-Spain surveys was similar to that of the Canadian spring surveys until 20@Big. 16.4).
Since 2007, the two indices diverged with an overall increase in the Canadian survey and a declinkhmmEU
Spain index
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Fig.16.4. Thorny Skate in Divs3LNOPs,1997-2017: biomass indices from the EtSpain survey

and the Canadian spring survey.

EU-Spain Div. 3L survey. EU-Spain survey indices Campelen trawl) are available for 20032017 (excluding
2005). The survey only occurs in the NAFO Regulatory Area (Flemish Pass), thus not sampling the entire
Division. Both the EUSpain and Canadian autumn Div. 3L biomass indices generally declined from 2007
2011, while the Canadian spring index ws more variable during this period (Figl6.5). Recent Canadian
biomass estimates have been relatively stable since 2010, while the Bpain index has been increasing

relative to 2011.
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Fig.16.5. Thorny Skate in Div3LNOPs, 20032017: Biomassindices from EUSpain Div. 3L survey
and the Canadian spring and autumn surveysf Div. 3L. The Canadian spring survey in

Div. 3L was incomplete in 2017.
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iii) Biological studies

Based onCanadian Campelen spring surveys in DivBLNOPsyarious life stages of fiorny Skate underwent
different changes in abundance over timeln 1996-2017, the abundance of Thorny Skate recruits5¢
20cmTL) and immature skates increased since 2010, and estimates of mature skates fluctuated along an
increasing trend.

Recruitment index (skate<2lcm) has been below average in 1992007 (Fig.16.6). The index was above
average during 20162013. Recruitment declined to below average in 2012016, then increased to 1.3 in
2017. This increase in 2017, occurred despite the missing surveyrsta, which in previous years (200916)
contained on average 10% of the Thorny Skate recruitsThorny Skates have low fecundity and long
reproductive cycles, which result in low intrinsic rates of increase and impart low resilience to fishing
mortality .
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Fig.16.6. Thorny Skate in Divs3LNOPs, 19962017: Standardized recruitment index for less than
21 cmTL males and females (combined) from Canadian Campelen spring surveys. The
horizontal line depicts the standardized average recruitment for 19962017. The
Canadian spring survey in Div. 3L was incomplete in 2017.

c) Estimation of Parameters

Relative F(STACFISsagreed commercial landings/Canadian springsurvey biomass)in Divs.3LNO declined
since the mid1990s, and is currently low. Relative fishing mortalityin Subdiv.3Pshas also been low in recent
years.
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Fig.16.7. Thorny Skate inDivs. 3LNOPs,1985-2017: estimates ofRelative F from STACFIsagreed
commercial landings/Canadian springsurvey biomass.The Canadian spring survey in
Div. 3L was incomplete in 2017.

d) Assessment Results
Assessment Resultdo analytical assessment was performed.

The Canadian Spring survey is considered the primary indicator of the statwf this stock due to its spatial
and temporal coverage.

Biomass:Biomass of this stock has been increasing very slowly from low levels since the ri@90s. For
comparable periods, the pattern from the Canadian fall research survey was similar.

Fishing Mortality: Relative F STACFISagreed commercial landings/Canadian spring survey biomass) in
Divs.3LNOPs declined since the mid990s, and is currently low

Recruitment: Recruitment has been below average over 199Z2007. Recruitment was above aveage during
2010-2013, but declined to below average in 201£2016. Recruitment in 2017 was above average.

State of the StockThe stock is currently above Bn. The probability that the current biomass is aboveBiim is
>95%. Total survey biomassin Divs. 3BLNOPs has remained stablgsince 2007.Recruitment in 2017 was above
average.Fishing mortality is currently low.

e) Reference Points

Limit reference points based on Bss, which represents the lowest value for the Canadian spig survey
conducted with Campelen survey gear, were accepted in 2015 as a proxy fan BFig.16.8).
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Fig.16.8. Thorny Skate in Divs3LNOPs 19852017: stock trajectory under a precautionary

approach framework.
f) Research Recommendations
STACFISecomme nded that further work be conducted on development of a quantitative stock model.
STATUS:Work ongoing. STACFIS reiterated this recommendation.

STACFISecommended that survey indices be investigated to compare catch rates in relation to depth in the
spring and fall surveys, stock distribution, and comparison between C3k8lIO and Subdi8Ps

STATUS: completed.

The next full assessment is planned for 2020.

17. White Hake (Urophycis tenuis) in Divs 3N, 30, and Subdiv. 3Ps
Interim Monitoring Report (SCRDoc. 18/013, 17; SCS Doc. 18/07, 08)
a) Introduction

The advice requested by Fisheries Commission is for NAFO CEMO. Previous studies indicated that White
Hake constitute a single unit in DivBNOPs, and that fish younger than 1 year, 3aveniles, and matre adults
distribute at different locations within Div. 3NO and Subdiv3Ps. This movement of fish of different stages
between areas must be considered when assessing the status of White Hake in BNO. Therefore, an
assessment of DiVBNO White Hake iconducted with information on Subdiv.3Ps included.

In 1988, Canada commenced a directed fishery for White Hake in DBNO and Subdiv3Ps. All Canadian
landings prior to 1988 were as bycatch in various groundfish fisheries. EBpain and EUPortugal
commenced a directed fishery in 2002, and Russia in 2003, in the NAFO Regulatory Area (NRA) of IND;
resulting in the 2003-2004 peak in landings. In 20032004, 14% of the total landings of White Hake in
Div.3NO and Subdiv3Ps were taken by Canada, bumcreased to 93% by 2006; primarily due to the absence
of a directed fishery for this species by other countries.
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A TAC for White Hake was first implemented by Fisheries Commission in 2005 ab80 tons, and was then
reduced to 6000t for 2010 and 2011.The 5000t TAC in Div.3NO for 2012 was further reduced to 1000 t
for 2013-2018. Canada has implemented a TAC of 500 t for Subdiv. 3Ps for 2Q020.

From 1970-2009, White Hake catchedn Div.3NO fluctuated, averaging approximately 2 000 exceeding

5000t in only three years during that period. Catches peaked in 1987 at@1t (Fig.17.1). With the
restriction of fishing by other countries to areas ou
Canadian catches fell to zero. Average catch wasv in 1995-2001 (422 t), then increased to 6 718 t in 2002

and 4 823 t in 2003; following recruitment of the large 1999 yeaiclass. STACFtagreed catches decreased to

an average of 386 in 2008-2012. Catches averaged 342 t over the period 2043016. STACFIS catch in 2017

was as 512 t in Div. 3NO.

Commercial catches of White Hake in Subdi8Ps were less variable, averaging 114t in 1985-93, then
decreasing to an average of 618in 1994-2002 (Fig.17.1). Subsequently, catches increased to an average o
1374t in 2003-2007, then decreased to a 368 average in 20082012. Catches averaged 327 t over the
period 2013-2016. Catch in 2017 was reported as 308 t in Subdiv. 3Ps.

Recent reported landings and TACs (000 tons) in NAFO DBNO and Subdiv3Ps areas follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Div. 3NO:

TAC 8.5 6 6 5 11 11 1t 11 11 1t
STATLANT 21 0.5 0.3 0.2 0.1 0.2 0.3 4 4 5
STACFIS 0.4 0.2 0.2 0.1 0.2 0.3 5 A4 S5

Subdiv. 3Ps:

TAC 5
STATLANT 21 0.4 0.4 0.2 0.2 0.2 04 3 A4 3

1IMay change in season. See NAFO FC Doc. 13/01 quota table.
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Fig. 17.1. White Hake in Division 3NO and SubdivisioBPs: Total catch of White Hake in NAFO
Division 3NO (STACFIS) an&ubdivision 3Ps (STATLANR1A). The Total Allowable
Catch (TAC) in Subdiv. 3Ps and the NRA of Divs. 3NO is also indicated on the graph.

b) Data Overview
i) Research survey data

Canadian stratified -random bottom trawl surveys . Data from spring research surveys in NAFO D3N,
30, and winterspring surveys in Subdiv3Ps were available from 1972 to 2017. In the 2006 Canadian spring
survey, most of SubdivdPs was not surveyed, and only shallow strata in DI8BNO (to a depth of77 m in
Div.3N; to 103m in Div.30) were surveyed; thus the survey estimate for 2006 was not included. Data from
fall surveys in Div.3NO were available from 1990 to 2017. Canadian spring surveys were conducted using a
Yankee41.5 bottom trawl prior to 1984, an Engell45 bottom trawl from 1984 to 1995, and a Campeled800
trawl thereafter. In Subdiv. 3Ps, survey timing changed from winter to spring during 1993. Canadian fall
surveys in Div.3NO were conducted with an Engel45 trawl from 1990 to 1994, ard a Campeleril800 trawl
from 1995-2017. There are no survey catch rate conversion factors between trawls for White Hake; thus each
gear type is presented as a separate time series.

Abundance and biomass indices of White Hake from the Canadian spring resgasurveys in Div3NOPs are
presented in Fig.17.2a. In 20032010, the population remained at a level similar to that previously observed
in the Campelen time series for 19961998. The dominant feature of the White Hake abundance time series
was the peakobserved over 20032001. In recent years, spring abundance of White Hake increased slightly in
2011, but declined to low and stable levels over 20%:2017. Biomass of this stock increased in 2000, due to
the very large 1999 yearclass. Subsequently, the bimass index decreased gradually, and has remained
stable since 2007.
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Fig. 17.2a. White Hake in Div.3NO and Subdiv3Ps: abundance (top panels) and biomass (bottom
panels) indices from Canadian winterspring research surveys, 1972017. Estimates
from 2006 are not shown, since survey coverage in that year was incomplete. Yankee,
Engel, and Campelen time series are not standardized, and are presented on separate
panels. Error bars are 95% confidence limits. The bounds of the error bars in 1976,
1981, 1987 and 2000 in some panels extend above and below the graph limits.

Canadian fall surveys of DiVBNO (Fig.17.2b) have the peak in abundance reflected by the very large 1999
year-class. Fall abundance indices then declined to levels similar to those obsgsd during 1996-1998 until
2010. In recent years, biomass appears stable, while abundance seems to have increased slightly. This survey
was not completed in 2014.
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Fig. 17.2b White Hake in Div.3NO: abundance(top panel) and biomass indices (bottompanel)
from Canadian fall surveys, 1992017. Engell m, -11949) @nd Campelen(¢, 1995
2013) time series are not standardized. Estimates from 2014 are not shown, since
survey coverage in that year was incomplete. Error barare 95% confidence limits. The
bounds of the error bars in 1991, 1994, 2002, 2003, 2009 and 2013 in some panels
extend above and below the graph limits.

EU-Spanish stratified -random bottom trawl surveys in the NRA. EU-Spain biomass indices in the NAFO
Regulatory Area (NRA) of DivBNO were available for White Hake from 2001 to 2017 (Fid.7.3). EUSpain
surveys were conducted with Campelen gear (similar to that used in Canadian surveys) in the spring to a
depth of 1400 m. The EUSpainbiomass index washighest in 2001, then declined to 2003, peaked slightly in
2005, and then declined to its lowest level in 2008. In 2002013, the EUSpain index indicated a gradually
increasing trend, which is similar to that of the Canadian spring survey index (Fi§j7.3). From 2014-2015,
these surveys have been characterized by opposing trends: the H8pain index decreased in 2014, before
increasing in 2015; the Canadian spring survey index increased in 2014, before decreasing in 2015. In 2017,
both indices have declind from the 2016 estimates.
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Fig. 17.3. White Hake in the NRA of DIBNO: Biomass indices from E{$pain Campelen spring
surveys in 2001-2017 compared to Canadian spring survey indices in all of DISNO.
Estimates from 2006 Canadian survey are not skn, since survey coverage in that year
was incomplete.

Recruitment. In Canadian spring research surveys, the number of White Hake less than@i in length is
assumed to be an index of recruitment at agke. The recruitment index in 2000 was very largebut no large
value has been observed during 2002017 (Fig.17.6). The index of recruitment for 2011 was comparable to
that seen in 1999, and a smaller peak in 2013 was similar to one in 2005.

Northwest Atlantic Fisheries Organization www.nafo.int



STACFISO1 —14 June 20B 245

110,000

15,000
100,000 t

90,000
10,000 [
80,000

70,000 |

60,000 | 5,000

50,000 |

Recruitment Index

40,000 f

2001 2005 2009 2013 2017

30,000
20,000

10,000 |

0
1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
Year

Fig. 17.4. White Hake in Div.3NO and Subdiv3Ps: recruitment index for age 1 males and females
(combined) from Canadian Campelen spring surveys in Divs. 3NO and Subdiv. 3Ps in
1997-2017. Estimates from 2006 are not shown, since survey coverage in that year was
incomplete. Inset plot depicts 20032017 on a smalér scale.

c) Conclusion

Based on current information there is no significant change in the status of this stock. Stock biomass remains
at relatively low levels, and no large recruitment events have been observed since 2000.

d) Research Recommendations

STACFISrecommended that age determination should be conducted on otolith samples collected during
annual Canadian surveys (1972009+); thereby allowing agéased analyses of this population.

Otoliths are being collected but have yet to be aged. STACFIS reitesathis recommendation.

STACFISecommended that the collection of information on commercial catches of White Hake be continued
and now include sampling for age, sex and maturity to determine if this is a recruitment fishery.

No progress, STACFIS reiterasethis recommendation.

STACFISecommended that survey conversion factors between the Engel and Campelen gear be investigated
for this stock.

No progress on this recommendation. STACFIS reiterates this recommendation.

STACFISecommended that work continue on the development of population models and reference point
proxies.

No progress on this recommendation. STACFIS reiterates this recommendation.

The next assessment is planned for 2019.
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D. WIDELY DISTRIBUTED STOCKS: SA SA3 AND SA4

Recent Conditions in Ocean Climate and Lower Trophic Levels

1 Ocean climate composite index based on data from Labrador to the Scotian Shelf (3Ahas
remained above normal since 2010, but has experienced a declining trend since then.

1 Spring bloom total production (magnitude) was at its lowest during the past three years
(2015-2017). Peak timing has remained mostly above normal since 2013 indicating
generalized delayed onset of the phytoplankton spring bloom along the on the Atlant
Canadian Shelf in recent yaa.

1 The composite zooplankton abundance index was back to normal in 2017 after thre
consecutive years with well above normal anomalies from 2012016.

1 The composite zooplankton biomass index remained well below normal throughout SA24
for a third consecutive year since a record low in 2015.
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Fig.D1. Composite environmental index for NAFO Subarea-2-4 derived from meteorological

and physical oceanographic (sea ice, water temperature, salinity) conditions during
1990-2017 (top panel). Phytoplankton spring bloom magnitude (29 panel) and peak

timing (3™ panel) in NAFO Subarea -3-4 during 1998-2017. Composite zooplankton

abundance index derived from copepod (total copepodsCalanus finmarchicus

Pseucalanusspp.) and noricopepod abundarmes (4" panel), and zooplankton biomass
anomaly (5" panel) in NAFO Subarea -3-4 during 1999-2017. Positive/negative

anomalies indicate conditions above/below (or late/early timing) the longterm average

for the reference period. All anomalies are meantandardized anomaly calculated using
the following reference period: climate index: 1981-2010; phytoplankton indices

(magnitude and peak timing): 19982015; zooplankton (abundance ad biomass)

indices: 1999-2015.

Environmental Overview

The water mass charateristics of Newfoundland and Labrador Shelf are typical of supolar waters with a
sub-surface temperature range of-1-2°C and salinities of 3233.5. Labrador Slope Water flows southward
along the shelf edge and into the Flemish Pass region, this waterss is generally warmer and saltier than
the sub-polar shelf waters with a temperature range of 3-4°C and salinities in the range of 384.75. On
average bottom temperatures remain <6C over most of the northern Grand Banks but increase to4rC in
southern regions and along the slopes of the banks below 200. North of the Grand Bank, in Di\38K, bottom
temperatures are generally warmer (23°C) except for the shallow inshore regions where they are mainly
<0cC. In the deeper waters of the Flemish Pasand across the Flemish Cap bottom temperatures generally
range from 3-4°C. Throughout most of the year the cold, relatively fresh water overlying the shelf is separated
from the warmer higher-density water of the continental slope region by a strong temgrature and density
front. This winter-formed water mass is generally referredto as the Cold mtermediate Layer (CIL) and is
considered a robust index of ocean climate conditions. In general, shelf water masses undergo seasonal
modification in their properties due to the seasonal cycles of asea heat flux, windforced mixing and ice
formation and melt, leading to intense vertical and horizontal gradients particularly along the frontal
boundaries separating the shelf and slope water masses.

Temperature ard salinity conditions in the Scotian Shelf, Bay of Fundy and Gulf of Maine regions are
determined by many processes: heat transfer between the ocean and atmosphere, inflow from the Gulf of St.
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Lawrence supplemented by flow from the Newfoundland Shelf, exahge with offshore slope waters, local
mixing, freshwater runoff, direct precipitation and melting of seaice. The Nova Scotia Current is the
dominant inflow, originating in the Gulf of St. Lawrence and entering the region through Cabot Strait. The
Current, whose path is strongly affected by topography, has a general southwestward drift over the Scotian
Shelf and continues into the Gulf of Maine where it contributes to the countelockwise mean circulation.
The properties of shelf waters are modified by miing with offshore waters from the continental slope. These
offshore waters are generally of two types, Warm Slope Water, with temperatures in the range 6fl8°C and
salinities from 34.7-35.6, and Labrador Slope Water, with temperatures from 3°€ to 8Cand salinities from
34.3 to 35. Shelf water properties have large seasonal cycles, eagst and inshoreoffshore gradients, and
vary with depth.

Ocean Climate and Ecosystem Indicators

Ocean climate composite indetrom Labrador to the Scotian Shelf (S&-4) has remained above normal since
2010 following the extensive cold period in the early 1990sIn recent years, it has experienced a general
declining trend but has remained above normal in 201{Figure 1, top pane). Spring bloom total production
(magnitude) was at its lowest during the past three years after reaching a recoildw for the time series in
2015 (Figure 1, 2d panel). Peak timing has remained mostly above normal since 2013 indicating a
generalized delayed onset of the phytaankton spring bloom along the on the Atlantic Canadian Shelf during
recent years (Figurel, 39 panel). Zooplankton abundance was back to normal in 2017 after staying well
above normal during 20142015 with three consecutive highest anomalies recorded fothe time series
(Figure 1, 4" panel). The composite zooplankton biomass index remained well below normal throughout SA
2-3-4 for a third consecutive year since a record low in 2015. (Figur#&, 5h panel). The opposite trends in
zooplankton abundance anchiomass observed throughout the Atlantic Canadian shelf during the since 2015
indicate a generalized reduction in zooplankton size in the study arednformation on the taxonomic
composition of zooplankton, i.e. the reduction in abundance of the larger aging calanoid copepodCalanus
finmarchicus along with a substantial increase in the smallePseudocalanuspp copepods, supports these
results.

The spatiallyaveraged fall bottom temperatureoff southern Labradorin 2J was 26°C(+0.1 SD above normal
and in 3Kit was 2.3°C(0.03 SDbelow normal). The spatially averaged spring and fall bottom temperature in
NAFO Divs. 3LNO wad.4° (-0.2 SD) and 1.3°C-{.2 SD), respectively.The averaged spring bottom
temperature in NAFO Div. 3P washout 2.7°C,about 0.4 SDabove normal,a significant decrease from 2 SD
above normal in 2016 A composite climate index for the NL region derived from 28 meteorological, ice and
ocean temperature and salinity time seriegrom the NL region returned to slihtly below normal (15" lowest
in 68 years). In 2015 it was the7h lowest in 68 years and the lowest since 1993 In 2017, bottom
temperatures anomalies on the Scotian Sheifi NAFO Divisions 4Vn, 4Vs, 4W ardiX were 0.7°C (1.6 SD),
1.3°C (1.9 SD), 0.8°A (1 SD) and 1.6°C (2.2 SD) above normal, respectivélycompositeindex for the Scotian
Shelf region based on 2Gelected, normalized temperature time series averagedl+/ standard deviations
(SD)above normal, making 201 he 34 warmest year in the last48 years.
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18. Roughhead Grenadier ( Macrourus berglax ) in SA2 and 3
(SCS Doc. 18/05, 18/07, 18/13 and 18/08, and SCR 18/8, 18/13, 18/17, 18/18)
a) Introduction

The stock structure of this species in the North Atlantic remains unclear because there is little information on
the number of different populations that may exist and the relationships between them. Roughhead grenadier
is distributed throughout NAFO Subagas 0 to 3 in depths between 300 and 2 000 m. However, for
assessment purposes, NAFO Scientific Council considers the population of Subareas 2 and 3 as a single stock.

A substantial part of the grenadier catches in Subarea 3 previously reported as roundmogrenadier was
actually roughhead grenadier. To correct the catch statistics STACFIS (NAFO SCR 98/57) revised and
approved roughhead grenadier catch statistics since 1987. In the period 202012, catches for Subarea 2+3
roughhead grenadier were stableat levels around one thousand tonsFrom 20132017 catches were lower
and in the last years were around 308100 ton (Fig. 18.1). Most of the catches were taken in Divs. 3LMN by
Spain, Portugal, Estonia and Russia fleets. In the catch series available, tkas 2% of the yearly catch has
been taken in Subarea 2. There is no TAC for this stock.

Recent catches ('000 tons) are as follow:

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

STATLANT 21A 0.4 0.7 0.8 1.0 1.3 0.4 0.6 0.2 0.1 0.1
STACFIS 0.8 0.6 0.9 1.0 1.3 0.4 0.6 0.2 0.3 0.4

Catch (‘000 tons)

1987 1989 1991a1993 1995 1997 1999 2001 2003b 2005 2007 2009 2011 2013 2015 2017
Year
Fig. 18.1. Roughhead grenadier in Subareas 2+3: STACFIS catches.

b) Data Overview
i) Surveys

There are no survey indices available covering the total distribution, in depth and area, of this stock.
According to other information, this species is predominately at depths ranging from 800 to 1500 m,
therefore the best survey indicators of stock biomas should be the series extending to 1500 meters depth as
they cover the depth distribution of Roughhead grenadier fairly well. Figure 18.2 presents the biomass
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indices for the following series: Canadian fall 2J+3K Engel (19794, Series 1) and Canadiafall 2J+3K
Campelen (19952017, Series 2), EU 3NO (1992017), EU 3L (20062017) and EU Flemish Cap (01400 m;
2004-2017). Survey biomass indices showed a general increasing trend in the period 199804. From 2005
2012 all available indices showed a cleadownward trend except the Canadian Fall (2J+3K) index. In the
period 2013-2016, the information from the different indices was noisy and contradictory; some indices
showed an increase while others continued to decline. In 2017 all indices, except the EL 8how an increase
with respect to 2016.
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Fig. 18.2. Roughhead grenadier in Subareas 2+3: Survey biomass indices.

The catchbiomass (C/B) ratios showed a clear declining trend from 1992005 and since then have been
stable at low levels (Fig18.3).The (C/B) ratio remained low since 2008 despite the decline of many of the
survey biomass indices because catch levels since 2007 are very low.
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Fig. 18.3. Roughhead grenadier in Subareas 2+3: catch/biomass indices based upon Canadian
Autumn (Campelen serie}, EUSpanish Div. 3NO, E{$panish 3L and EtFlemish Cap
(to1400 m depth) surveys.

¢) Conclusion

The information from different indices in the most recent period is contradictory and noisy. However, in
2017 all indices, except the EU 3L, show an increase fwitespect to 2016. Fishing mortality indices have
remained at low levels since 2005. Based on overall indices for the current year, there is no change in the
status of the stock.

The next assessment is planned for 2019.

19. Witch Flounder ( Glyptocephalus cynoglossus) in Divs. 2J+3KL
Interim Monitoring Report (SCS Docs. 04/12, 18/05, 18/06, 18/07, 18/08; SCR 16/61, 18/19; 18/30)

a) Introduction

A moratorium on directed fishing on this stock was implemented in 1995 following drastic declines in catch
from the mid-70s, and catches since then have been low levels of-tgtch in other fisheries. From 1999 to
2004 catches were estimated to be very low, between 300 and 800 tons, and from 202817, catches
averaged less than 160 tons. Catches are primarily fromeahCanadian Greenland Halibut fishery.

Recent catches and TACs (‘000 tons) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC ndf ndf ndf ndf ndf ndf ndf ndf ndf ndf
STATLANT 21 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1
STACFIS 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1

ndf no directed fishing.
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Fig. 19.1. Witch flounder in Div. 2J, 3K and 3L: catches and TAC.

b) Data Overview
i) Surveys

Canadian autumn surveys were conducted in Divs. 2J, 3K and 3L beginning in 1977, 1978 and 1983
respectively and continued to 2017 (Fig 19.2). The survey biomass estimates showed a rapid decline from the
mid-80s to 1995, remained at very low levels and theshowed a general increasing trend from 2003 to 2017.
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Fig. 19.2. Witch flounder in Div. 2J, 3K and 3L: Index of biomass from Canadian autumn surveys by
Division (left panel) and overall with 95% confidence limits (right panel). Values are
Campelen units or, prior to 1995, Campelen equivalent units.
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c) Limit Reference Point

A new Limit Reference Point (LRP) was set for Witch Flounder in NAFO Divs. 2J+3KL (SCR Doc. 18/30). The
previous LRP considered the survey biomass in 1984 (Bx) to represernt Bo, with Bum subsequently set at
15% Bwmax. However, given the catch history of the stock, biomass in 1984 is not considered to reflect an
unexploited state, and based on recommendation from the NAFO Study Group on Limit Reference Points (SCS
Doc. 04/12), 15% Buaxis not an appropriate reference point for this stock.

Survey indices indicate that stock biomass was stable within each of Divs. 2J, 3K, and 3L from the start of each
survey time series (1977, 1979, 1983, respectively), through to the early to ilh1980s. The time series for

the combined area of 2J+3KL begins in 1983, and was stable in 198384 at the highest level within the time
series (1983-2017). Scientific Council agreed that this period from 1983984 is more likely to reflect Busy
than Bo. A proxy for Busywas therefore accepted as the mean of the survey biomass indices from the 1988
autumn RV surveys. Following recommendations from in SCS Doc. 04/12nBs calculated as 30% of the Bsv
proxy (Bum = 19 000t; SCR Doc. 18/30). In 201te stock is estimated to be at 90% .

d) Conclusion

There was an increase in the survey biomass index from 2003 to 2017, nevertheless, the stock remains below
Bim,, with a probability of 0.82 of being belowBim in 2017. Based on survey indices for theurrent year, there
is nothing to indicate a change in the status of the stock.

The next assessment is planned for 2019.

20. Greenland Halibut ( Reinhardtius hippoglossoides ) in SA2 + Divs. 3KLMNO

(Interim monitoring report, SCR Doc. 18/8, 11, 17, 19, 48CS Doc. 18/05, 06, 07, 8, 13, 14, 15; FC Doc. 03/13,
10/12, 13/23, 16/20; Com Doc 17/11)

a) Introduction

Fishery and Catches: TACs prior to 1995 were set autonomously by Canada; subsequent TACs have been
established by NAFO Fisheries Commission (FC). Catcliesreased sharply in 1990 due to a developing
fishery in the NAFO Regulatory Area in Div. 3LMNO and continued at high levels during 1994 The catch
was only 15000 to 20 000 t per year in 1995 to 1998. The catch increased after 1998 and by 2001 was
egimated to be 38000 t, the highest since 1994. The estimated catch for 2002 was 34 000 t. The 2003 catch
could not be precisely estimated, but was believed to be within the range of 32 000 t to 38 500 t. In 2003, a
fifteen year rebuilding plan was implemented by Fisheries Commission for this stock (FC Doc. 03/13).
Though much lower than values of the early 2000s, estimated catch over 20@010 exceeded the TAC by
considerable margins. TAC overuns have ranged from 22%64%, despite considerable reductionsn effort.

The STACFIS estimate of catch for 2010 was 26 170 t (64% oven). In 2010, Fisheries Commission
implemented a surveybased harvest control rule (FC Doc. 10/12) to generate annual TACs over at least
2011-2014. In 2013 Fisheries Commission extated this management approach to set the TACs for 2015
2017 (FC Doc. 13/23), but did not apply the HCR in 2017, rather setting the TAC equal to the 2016 TAC (FC
Doc. 16/20). The TAC in 2018 is based on the HCR adopted in 2017 (Com Docl¥}/ Catch exceeed the
TAC in every year from 2004 to 2014 but was similar to the TAC in 2015 through 2017.

Recent catches and TACs ('000 t) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC 16 16 1722 16.3t 155 15.4 15.6! 148 14.8 16.53
STATLANT 21 14.7 15.7 15.7 15.2 15.6 15.6 14.9 14.8 14.7
STACFIS 23.2 26.2 24.2 23.0 20.0 214 15.3 14.9 14.8

1-TAC generated from HCR
2—TAC equal to 2016
3—-TAC generated from HCR adopted September 2017
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Fig. 20.1. Greenland halibut in Subarea 2 + Div. 3BKLMNO: TACs and STACFIS catches.

b) Input Data

Standardized estimates of CPUE were available from fisheries conducted by-E&pain, EUPortugal and
Canada. Abundance and biomass indices were available from research vessel surveys by Canada in Div.
2+3KLMNO (19782017), EU in Div. 3M (19882017), EUSpan in Div. 3NO (19952017) and EUSpain in Div.

3L (2003-2017). Different years are examined to represent population trends from the different surveys. For
the Canadian fall survey in Divs. 2J3K the years are 192817 (excluding 2008); from the Canadiarspring
survey in Divs. 3LNO 19962016 (excluding 2006 and 2015, 2017 not included due to survey coverage
issues); for the Canadian fall survey to 730 m from 1998017 (excluding 2014 when the survey was
incomplete); for the survey in Div. 3M to 700 m 1988017, and to 1400 m 20042017; for the survey by EU
Spain in Div. 3L 20062017; and for the survey by EtSpain in Divs. 3NO 1992017. Commercial catckat-age

data were available from 19752016.

i) Commercial fishery data
Catch and effort.

Analyses of ottertrawl catch rates from Canadian vessels operating inside of the Canadian 200 mile limit
indicated a general decline from the miell980s to the midt1990s. The 2010-2012 estimates of standardized
CPUE for Canadian ottetrawlers decreased substantially. Sice then the CPUE has increased to a peak in
2016 before declining in 2017.

Analyses of catckrates of Portuguese otter trawlers fishing in the NRA of Div. 3LMNO over 198817 show
that the CPUE has been variable but at a high level since 2006, reachintnee series high in 2016 before
declining in 2017.

Analyses of data from the Spanish fishery show that the CPUE has been variable at a high level since 2006,
reaching a time series high in 2016 and 2017.

I n general, f or tdet cRusrsdtaen rfamsdcged yf,rdmhe5. 2 t to 33.9
vessel day. These catch rates are higher than those in

A comparison of the available standardized CPUE estimates from the Canadian, Spanish and Portuguese fleets
indicates consistency in the timing and relative magnitude of change over the 20@D07 period (Fig 20.2).
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CPUE for all three countries is mainly higher from 2002017 than in the period of the 1990s to the mid
2000s.
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Fig. 20.2. Greenland halibut in Subarea 2 #iv. 3KLMNO: standardized CPUE from Canadian,

Portuguese and Spanish trawlers. (Each standardized CPUE series is scaled to its 1992
2017 average)

Commercial catch per unit effort for Greenland halibut in Subarea 2 and Div. 3KLMNO is a measure of fishery
performance. STACFIS previously recognized that trends in CPUE should not be used as indices of the trends
in the stock. It is possible that by concentration of effort and/or concentration of Greenland halibut,
commercial catch rates may remain stable ogven increase as the stock declines.

Catch-at-age and mean weights-at-age.Length samples of the 2017 fishery were provided by ESpain, EU
Portugal, EUEstonia, Russia and Japan. Ageing information was available for the Spanish, and Russian
fisheries. Weights were available from Et$pain, EUPortugal,and EU-Estonia.

i) Research suvey data

STACFIS reiterated that most research vessel survey series providing information on the abundance of
Greenland halibut are deficient in various ways and to varying degrees. Variation in divisional and depth

coverage creates problems in comparingesults of different years (SCR Doc. 12/19). A single survey series

which covers the entire stock area is not available. A subset of standardized (depth and area) stratified
random survey indices have been used to monitor trends in resource status, and atescribed below.

Canadian stratified -random autumn surveys in Div. 2J and 3K. The Canadian autumn Div. 2J3K survey
index provides the longest timeseries of abundance and biomass indices (Fig. 20.3) for this resource.
Biomass declined from relatively highestimates of the early 1980s to reach an atime low in 1992. The
index increased substantially due to the abundant 1993995 year-classes, but this increase was not
sustained, with declines over 19992002. The index increased substantially from 2012014 to levels near
those of the early part of the time series. However, the index declined substantially from 2015 to 2017. The
abundance index was stable through the 1980s, but increased substantially in the ml@90s, again due to the
presence of the 198-1995 yearclasses. After this, abundance declined to the late 1990s and had been
relatively stable except for the decline in 2005. Following improved estimates of abundance in 2010 and
2011, the 2012 to 2017 indices are considerably lower.
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Greenland halibut in Subarea 2 + Div. 3KLMNO: biomass and abundance indices (with
95% CI) from Canadian autumn surveys in Div. 2J and 3K. The 2008 survey was not
completed.

Canadian stratified -random spring surveys in Div. 3LNO. Abundance and biomass indies from the
Canadian spring surveys in Div. 3LNO (Fig. 20.4) declined from relatively high values in the late 1990s and
has been relatively low in most years thereafter. In 2013, 2014, and 2016, both abundance and biomass were
below the time-series average The 2015 and 2017 surveys were incomplete and are not considered
representative of the population.

Biomass Index

Fig. 20.4.
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Greenland halibut in Subarea 2 + Div. 3KLMNO: biomass and abundance indices (with
95% CI) from Canadian spring surveys in Div. 3LNO.
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Canadian stratified -random autumn surveys in Div. 3LNO. Time series of abundance and biomass were
developed from the Canadian autumn surveys from 1993017 to a depth of 730 m.The abundance index
from the Canadian autumn surveys in Div. 3LNO (Fig. B).declined from relatively high values in the late
1990s and has been relatively low in most years thereafter. The biomass index declined from 1998 to 2002
and then increased to 2005, to a level near that of the beginning of the time series. From 2€A®L7, biomass
was lower than all other years in the time series. The 2014 survey was incomplete and is not considered
compatible with the rest of the series.
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Fig. 20.5 Greenland halibut in Subarea 2 + Div. 3KLMNO: biomass and abundance indices (with
95% Cls) from Candian autumn surveys in Div. 3LNO.

EU stratified -random surveys in Div. 3M (Flemish Cap). Surveys conducted by the EU in Div. 3M during
summer indicate that the Greenland halibut biomass index in depths to 730 m, increased in the 1988 to 1998
period (Fig. 20.5) to a maximum value in 1998. This biomass index declined continually over 199®02. The
2002 - 2008 results were relatively stable, with the exception of an anomalously low value in 2003. From
2009 to 2013 the index decreased to its lowest observed itge. From 2014 to 2017 the index remained well
below the series average. The Flemish Cap survey was extended to cover depths down to 1460 m beginning in
2004. Biomass estimates over the full depth range doubled over 20808 but then declined to below the
time-series average in 2012 and 2013. From 2018017 the index has been variable but above the average of
the time series, with 2015 and 2017 being the highest in the series.
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Fig. 20.6. Greenland halibut in Subarea 2 + Div. 3KLMNO: Biomass index 1+S.E.) from EU
Flemish Cap surveys in Div. 3M. Solid line: biomass index for depths <730 m. Dashed
line: biomass index for all depths <1460 m.

EU-Spain stratified -random surveys in NAFO Regulatory Area of Div. 3LNO. The biomass index for the
survey of theNRA in Div. 3NO generally declined over 1999 to 2006 (Fig. 20.6) but increased fdald over
2006-2009. The survey index has increased since 2013 to a time series high in 2017. The biomass index for
the survey of the NRA in Div. 3L increased from 2006 t2008. After declining to lower levels in 2011 and
2012 it has increased to a time series high in 2017.
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Fig. 20.7. Greenland halibut in Subarea 2 + Div. 3BKLMNO: biomass index (x1 SE) from$hain
spring surveys in the NRA of Div. 3NO and Div. 3L.

Summary of research survey data trends.

These surveys provide coverage of the majority of the spatial distribution of the stock and the area from
which the majority of catches are taken. Over 1992007, indices from the majority of the surveys generally
provided a consistent signal in stock biomass (Fig. 20.7). Results since 2007 show greater divergence which
complicates interpretation of overall status. Since 2014 there is a clear divergence with the surveys in the
NRA (including 3M) increased to well abve their time series averages while the Canadian surveys have been
lower than their respective time series average. The overall trend since 2007 is unclear, but the 3 of 4
surveys that start in the mid 1990s, are only about 70% of their average in 2016.
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Fig. 20.8. Greenland halibut in Subarea 2 + Div. 3KLMNO: Relative biomass indices from Canadian
autumn surveys in Div. 2J3K, Canadian spring surveys in Div. 3LNO, Canadian autumn
surveys in Div. 3LNO, EU survey of Flemish Cap, and-Ephinsurveys of the NRA of Div.
3NO. Each series is scaled to its 20RD16 average.

Recruitment from surveys .

Abundance indices at age 4 from surveys were examined as a measure of recruitment. All the survey indices
have low abundance at age 4 since the 20@@ar class. Abundance at age 4 has been below average since the
2009 year class in the Canadian spring Divs. 3LNO survey and since the 2008 year class in the Canadian fall
Divs. 2J3K survey. After 3 very large year classes of 26R002 in the EU survey 6§ Div. 3M, abundance at age

4 has been below average. The abundance at age 4 in the EU Spain survey of Div. 3NO has been below average
since the 2006 year class and in the Canadian Div. 3LNO fall survey since the 2008 year class.
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Fig. 20.9. Greenland hdibut in Subarea 2 + Div. 3KLMNO: Relative recruitment indices from
Canadian autumn surveys in Div. 2J3K, Canadian spring surveys in Div. 3LNO, and EU
survey of Flemish Cap. Each series is scaled to its average and the average line is shown.

c) Assessment results

Biomass Survey data from 20112017 are variable which complicates thenterpretation of overall status. The
five surveys that are used in the HCR show differing trends over this period. Three of the surveys have
declined and are low in 2017, whilewo have increased and are at a time series high in 2017.

Recruitment Results of all surveys indicate that recruitment (age 4) has been below average since 2009.
Fishing Mortality: Unknown. Catch was equal to the TAC in 2017.

State of the stockSurvey results in recent years show greater divergence which complicates interpretation of
overall status. The slope fothree of the fiveindices used in the HCR was negative while two were positive.
Similarly 3 are below their 2011-2015 average and two arebove.

d) Reference points

Precautionary approach reference points have not been determined for this stock at this time.

21. Northern Shortfin Squid ( lllex illecebrosus) in SAs 3+4
Interim Monitoring Report (SCR Doc98/59; 98/75; 02/56; 16/34)
a) Introduction

The species has a lifespan of less than one year and is considered a single stblckvever, the Subareas 3+4

and Subareas 5+6 stock components are assessed and managed separately by NAFO and the U.S:A. Mid
Atlantic Fishery Management Council, respectively. Thetock assessment is datgoor and annual biomass
projections are not currently possible. Indices of relative biomass and mean body weight were computed
using data from the Div. 4VWX surveys conducted during July by the Canada Department of Fisheries and
Oceans. These indices were used to assess whether the Subareas 3+4 stock component was at a low or high
productivity level during the previous year. The Subareas 3+4 nominal catch divided by the Div. 4VWX
biomassindex was used to assess annual relative phoitation rates.
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b) Data Overview

Since 1999, there has been no directed fishery fdllex in Subarea 4 and most of the catches from Subareas
3+4, for most years during 19992011, were from the Subarea 3 inshore jig fishery. There were no catches
from Subaea 3 during 2013-2015. During 19992011, catches from Subareas 3+4 were low during most
years (average = 1 077 t), compared to catches during 1978081 (average = 80 645 t), and ranged between
about 57 t in 2001 to about 7 000 t in 2006 (Fig. 21.1). Catebk in Subareas 3+4 were less than 50 t during
2012-2015 and reached the lowest level in the time series (since 1953) during 2015 (14 t). Thereafter,
catches increased to 379 t in 2017, but remained well below the 1982016 average catch (2 510 t) for the
1982-2016 low productivity period.

Recent catches and TACs (‘000 t) are as follows:

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TAC SA 3+4 34 34 34 34 34 34 34 34 34 34
STATLANT 21 SA 3+4 0.7 0.11 0.1 <0.1»@ <018 <01 <0.12 0.21 0.41
STATLANT 21 SA 5+6

STACFIS SA 3+4 0.2 0.1 01 <01 <01 <01 <01 0.2 0.4
STACFIS SA 5+6 184 158 188 117 3.8 8.8 24 6.7 225
STACFIS Total SA & 191 159 189 117 3.8 8.8 2.4 6.8 22.9

1 Includes amounts (< 0.1 t to 18 t during 2012011 and 0.2 tto 31 tduring 20122 017) report ed
S q u froth'Subarea 4because they were likely. illecebrosus

2 Catches from Subareas 5+6 are included because there is no basis for consideseparate stocks in Subareas 3+4
and Subarea$+6.
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Fig. 21.1. Northern shortfin squid in Subareas 3+4: nominal catches and TACs.

Relative biomass indices, derived using data from the Canadian surveys conducted during July in BWWX,
fluctuated widely after 2003 (Fig. 21.2). Biomass indices generally declinegetween 2004 and2013, from a
level near the high productivity period mean to the lowest level on record, respectively. During 2012016,
biomass indices were below the low productivity period average of 2.6, but then increased in 2013 16.1;
the second highest level of the time series and above the high productivity perioderageof 13.2. However,
previous years of high biomass (i.e., 1992, 2004 and 2006) during the low productivity period were followed
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by much lower indices. If the postl981 episodic trend holds, persistence of the high biomass index is unlikely
in 2018.
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Fig. 21.2. Northern shortfin squid in Subareas 3+4: survey biomass indices from the July survey in
Div. 4VWX.

Since 1982 mean body weight of squid caught during the July Div. 4VWX surveys fluctuated widely around
the mean for the 19822016 low productivity period (80 g, Fig. 21.3). Mean body weight increased from the
lowest level of the time series in 1983 (27 g) to the third highest level of the low productivity period (121 g)
in 1999 (Fig. 21.3). Between 2000 and 2006, mean body weight increastaa low productivity period peak

of 137 g,but then gradually declined to 42 g in 2013. Following an abovaverage increase during 2014015,
mean body weightdeclined to the fourth lowest level of the time seriesin 2016 (37 g). During 2017, mean
body weight increased to 134 g, which was slightly below the 2006 low productivity period peak (137 g).
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Fig. 21.3. Northern shortfin squid in Subareas 3+4: mean body weights of squid from the July
survey in Div. 4VWX.

Catch/biomass ratios(SA 3+4 nominal catch/Division 4VWX July survey biomass index) / 10 00®ave been
well below the 1982-2016 mean (0.12) during most years since 2001 and the ratio was < 0.01 in 20{Fig.
21.4).
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Fig. 21.4. Northern shortfin squid in Subareas 3+4: catchbbiomass ratios (SA 3+4 nominal
catch/Division 4VWX July survey biomass index) / 10 000).
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c) Conclusion

Since 1999, there has been no directed fishery in Subarea 4 and there were no catches in Subardaring
2013-2015. The highest catch since 1999 occurreduring 2006, when 20.5% (6 982 t) of the current quota of

34 000 t was harvested, but since 2007 only 0.04% to 2.1% of the quota has been harvested each year.
Biomass indices from the July Div. 4VWX surveys have been below the 198P16 mean since 2010, bt
increased in 2017 (16.1 kg per tow) to the second highest level of the time series and was 22% higher than
the high productivity period average (13.2 kg per tow during 19761981). Mean body weight also increased

in 2017 (134 g), but remained below the fgh productivity period average of 150 g. The high increase in the
biomass index during 2017 did not translate into similarly high catches in the Subarea 3 fishery and
catch/biomass ratios have been well below the 19822016 low productivity period averagesince 2004. If the
post-1981 episodic trend holds, persistence of the high biomass and mean body weight indices are unlikely in
2018. Regardless, the Subarea 3 fishery only harvested a minor percentage (1.1%) of the 2017 quota despite
the very high biomas index.

The next assessment is planned f&019.

d) Research Recommendation

In 2013, STACFISecommended that gear/vessel conversion factors be computed to standardize the 1970
2003 relative abundance and biomass indices from the July Div. 48\Wéys.

STATUS: No progress has been made.

22. Splendid alfonsino ( Beryx splendens) in Subarea 6
(SCS Doc. 18/07 SCR 18/22, 15/06 and 15/18)
a) Introduction

Alfonsino is distributed over a wide area which may be composed of several populatiorfstock structure is
unknown. Until more complete data on stock structure is obtained it is considered that separate populations
live on each seamountAlfonsino is an o@anic demersal species which form distinct aggregations, at 36950

m depth, on top of seamounts in the North Atlantic.

Most published growth studiessuggestmaximum life spanbetween 10 and 20 years. The observedariability

in the maximum age / length dependson the geographic regionSexual maturation was found to begimat age
2 and at a mean length of 18 cmBy age 56 years all individuals were mature at 25-30 cm fork length. On
the Corner Rise Seamountsifonsino were observed to spawn fran May-Jure to AugustSeptember.

Natural mortality (M) value is uncertain. M estimates for alfonsino in Chie using five empirical methods give
a range between 0.1 and 0.28 (Giét al,, 2002).

As a consequence of t he speci e éfe-histarg, samdcthem aggregationwi t h s e
behavior, this species is easily overexploited and can only sustain low rates of exploitation.

Alfonsino fishery is not regulatedin NAFO.
b) Description of the Fishery

Historically, catches of alfonsino in the NAF@egulatory Area (NRA) have been reported from Div. 6iH,
although the bulk of those catches were made in the Corner Rise ar@he development of the Corner Rise
fishery was initiated in 1976, when, according to the unofficial data, Russian vessels caught over(D t,
mainly splendid alfonsino.Commercial aggregations of alfonsino on the Corner Rise (337°N, 47-53°W) (Fig.

221) have been found on three seamounts. Two of t hem
“Kiukent hal ") ane3” ) Vvyalrceri maoybhBR A e(d“dne more bank named “R
Edwards”) is | ocated in the Central Western Atlantic.
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Russian vessels fisheth this areain different periods between 1976 and 1999using pelagic trawls.There are

no statistics on Russian fishery on separate seamounts, but, in accordance with the approximate estimation,
the Kikenthal was considered to be the most important ground where 5@0% of the total catch was taken.
Also, the fishery was carried out on th&-3 and Milne Edwards banks, where the catches were 1% of the
total yield each.

Based on the information collected in the 2004 Spanish experimental survey in Corner Risedisected
commercial fishery had been conducted since 200by Spanish vesselsSince 2006 virtually all the effort has
been made in theKiikenthal seamountwith pelagic trawl gear.
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Fig. 22.1. Location of the Corner ise seamount complex in relation to NAFO Div. 68. The dotted
line (35 degrees) is the southern limit of the NRA.

c) Commercial fishery data

The Russianfishery started in 1976 with a catch of 10200 t (Fig. 22.2). Thereafterthe catches ranged
between 10and 3 500 t. There was no fishingffort from 1988-1993, 1998 and 20002003. From 2004 until
now, a fishery in Kilkenthal seamountwas conducted by Spanishvessels using gelagic trawl gear, where
catches have ranged betweenZand 1 187 t, with no fishery in 2008 (Table 22.1; Fig22.2).

Table 1. Recent catches (tons)effort and CPUE (Kg/hr fished) for the alfosino fishery onKikenthal
Peak (Div. 6G).

Year 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Catch (t) 0 479 52 152 | 302 | 114 | 118 | 122 | 127 55
Effort (days on
ground) 0 28 4 9 22 17 15 13 16 12
Effort (hours fished) 0 167 66 68 165 87 117 92 116 68
CPUE (Kg/hour) 2868 | 788 | 2235 | 1830 | 1310 | 1009 | 1326 | 1095 | 809
Effort (vessels) 0 1 1 1 1 1 2 2 1 1
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Fig.22.2. Alfonsino catches from Div. 6G

Fig.22.3 shows the length distribution in percentage by year since 2004l length distribution samples were
measured to the total length except the 2007 samples that were measured to the fork.The 2007 size
distributions have been transformed to the totallength using fork length/total length relationship presented
by GonzalezCostas (2018).I1t can be observed that these length distributions arestable and quite similar.
Catches in all years are in the 380 cm range with a mode around 40 cm.
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Fig.22.3. Length distributions of alfonsino Kiikenthal Peak (Div. 6Ggatches.

d) Commercial CPUEs

As a consequence dhe alfonsino fishery characteristicsst he speci es’
aggregation behaviour,the utility of the commercial CPUEseries as an indicator of the stock status is

considered to be questionable

a s s o canchtheir o n

Depending on the data, there are different series of commercial OBs that show slight different trends. Fig.
22.4 shows theLN(CPUR obtained with the information of the NAFOobservers and Scientific Observers. The
indices based on the NAFO observers data shows a clegcreasing trendsince the restart of the fishery in
2005 while the Scientific Observers CPUE information shows a more stable situation in last years.
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Fig.22.4. LN CPUE (kg/hour fished) for the Kikenthal Peak (Div. 6G)midwater trawl fishery
based on the NAFO Observers (left) and Scientific Observers data (right)

e) Surveys

The only available information on biomass covers a period ending in 199%he alfonsino biomass estimated
on Corner Rise with this data was around.1,000-12,000 t. It should be taken into consideration that the data
with a time limitation of mainly 20-30 years were used for the calculations mentioned abov8ased on this
information ; the greatest biomass of mature alfonsingdistribution depths of 400-950 m) was registered on
the Kiikenthal seamount(40%). On -3t(30%) ad Milne Edwardsseamounts (30%), the biomasswas

lower.

f) Assessment

With the available data an attempt has beemade to estimate a sustainable level of catches Kikenthal
seamount with different methods (Depletion-Adjusted Average Catch, Only Reliable Catch Stocks and
Replacement Yield) The results show different levels of MSY depending on the methods. The metkdahsed
on catch information are more optimistic than those based on thecommercial CPUEs STACFIS considers
these results as unreliable and therefore MSY catch is unknown.

Not analytical or surveybased assessment were possible at the moment due to thekaof updated data The
most reliable present data available are the catch time series.

g) Conclusion

No reliable assessment can be presented for thitock. The only estimate of biomass is based on surveys
ending in 1995 Due to lack of abundance oexploitation information, an analytical or survey based
assessment was not possibléhe relationship between CPUE and stock sizeuncertain.

The next full assessment of the stock is scheduled f2021.
h) Research Recommendations

SCrecommends that fisheries independent information should be collected on this stock.
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IV. Stocks Under a Management Strategy Evaluation
1. Greenland halibut in SA 2 and Divs. 3KLMNO
This stock is taken under D. Widely Distributed Stocks: SA SA3 and SA4.
2. Redfish (Sebastes mentella and Sebastes fasciatus) in Divs. 3L and 3N
This stock is taken undeB. Stockson the Flemish CapSA3 and Div. 3M

V. OTHER MATTERS
1. FIRMSClassification for NAFO Stocks

Due to lack of time STACFISlid not review the assessments of sttks managed by NAFO in June 281This
task has been deferred to the September SC meeting.

2. GADCAPProject Update
Multispgcieg rpode_l Ga~dCap: Update ~and potentiAaI use for scientific advice as part of the EU SC05
POT EAAO O- Ol OEOBYORENO) AdEOOBH GMEA O &/ 6 8

Multispecies modelling is an essential part of the NAFO roadmap for an Ecosystem Approach to Fisheries

management , connecting the “Ecosystem” tier with the
contributing in the development of this EAF roadmap, the EU DBARE launched in 2017 the project SC05
“Mul tispecies Fisheries Assessment for NAFO”, to ident

multispecies approach in NAFO, with the Flemish Cap as a case study. As gfathis project the multispecies
model GadCap, considering the Flemish Cap cod, redfish and shrimp interdependent dynamics over the
period 1988-2012, has been updated and improved. All the databases supporting the likelihood components
in the model havebeen extended to 2016 to ensure that the data used in GadCap is comparable to the data
used in the cod, redfish and shrimp single species assessment methods. Different components of the model
have been improved; for example the groupings of years with treame model fit for growth and maturity, the
inclusion of a new longline fleet for cod, reestimation of the suitability parameters, or inclusion of new data
bases with the survey index at age or the mean weight at age. PéRadriguez and GonzaleZroncoso
(2018) describe the improvements in relation to the version delivered in 2016. Model diagnostics, estimates
of population abundance, biomass as well as predation and fishing mortality are presented.

Estimates of natural mortality at age by year from theupdated version of GadCap have been used in the
development of the management strategy evaluation (MSE) for cod Div 3M. The estimated natural mortalities
for cod from GadCap were used to inform decisions about M in the proposed operating models for theBMS
project. Different approaches to estimate the residual natural mortality were explored: survey catch curves,

longevity method and likelihood score selection. Final estimates of M were ultimately used to reoptimize the

GadCap model parameters and a finadatrix of M was used in the 3M cod benchmark.

The next step is to examine the potential use of multispecies models in the implementation of a multispecies
approach to fisheries management in NAFO, specifically the assemblage of a multispecies MSE where the
GadCap multispecies model will be used as an operating model (msMSE). The resulting multispecies MSE
framework will be used for a preliminary assessment of the ecological and economic consequences of
different management strategies. Potential alternativemultispecies reference points and HCRs as well as
single species based HCRs can be tested within this msMSE framework, evaluating the impacts and yields
both for the target species and the key interacting species. Different alternatives are available, franwhole
MSE framework incorporating uncertainty in different elements of the management procedure, to a more
simple approach where GadCap is the only model used to test different management strategies. The project
will evaluate the potential to develop aml use these different configurations, and produce an initial
configuration of the multispecies MSE framework for the Flemish Cap.

References:

PérezRodriguez, A. and GonzaleZostas, F., 201&stimates of natural predation and residual mortality for
the Flemish Cap codNAFO SCR Doc. 18/26.
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PérezRodriguez, A. and GonzaleEroncoso, D., 2018Update of the Flemish Cap multispecies model GadCap
as part of the EU SC05 project: “Multispecies Fisherie:

3. Other Business
No additional items were discussed.
VI.  Adjournment

STACFIS Chair thanked the Designated Experts for their competence and very hard work and the Secretariat
for its great support. The Chair also noted theontributions of Designated Reviewers in providing detailed
reviews of interim monitoring reports. The STACFIS Chair also thanked the Chair of Scientific Council, and the
Scientific Council Coordinator for their support and help. The meeting was adjourned a#00 on 14 June
2018.
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APPENDIX V. AGENDA- SCIENTIFICCOUNCIL MEETING,-14 JUNE 208

Opening (Scientific Council Chair: Brian Healey)

NogaprwN e

Appointment of Rapporteur

Presentation and Report of Proxy Votes

Adoption of Agenda

Attendance of Observers

Appointment of Committee Chairs and Designated Experts
Plan of Work

Housekeeping issues

Review of Scientific CountiRecommendations in 2017

Fisheries Environment (STACFEN)

8.
9.

o gk wNPE

Opening

Appointment of Chair

Appointment of Rapporteur

Adoption of Agenda

Review of Recommendations in 2017

Department of Fisheries and Oceans Canadaceans Science Branch, Marine Environmental Data
Section (MEDS) (formerly ISDM) Report for 2017

Review of the physical, biological and chemical environment in the NAFO Convention Area during
2017

Interdisciplinary studies

Formulation of recommendations based on environmental conditions during 2017

10. National Representatives
11. Other Matters
12. Adjournment

Publications (STACPUB Chair: Margaret Treble)

ahrwbde

Opening
Appointment of Rapporteur
Adoption of Agenda
Reviewof Recommendations in 2017
Review of Publications
a) Annual Summary
i) Journal of Northwest Atlantic Fishery Science (JNAFS)
i) Scientific Council Studies
iii) Scientific Council Reports
Other Matters
Adjournment

Research Coordination (STACREC)

a ke

Opening

Appointment of Chair

Appointment of Rapporteur

Review of Recommendations in 2017
Fishery Statistics
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a) Progress report on Secretariat activities in 2017/2018
i) Presentation of catch estimats from daily catch reports and STATLANT 21A and 21B
Research Activities
a) Biological sampling
i) Report on activities in 2017/2018
i) Report by National Representatives on commercial sampling conducted
iii) Report on data availability forstock assessments (by Designated Experts)
b) Biological surveys
i) Review of survey activities in 2017 (by National Representatives and Designated Experts)
ii) Surveys planned for 2018 and early 2019
c) Tagging activities
d) Other researchactivities
Review of SCR and SCS Documents
Other Matters
a) Summary of progress on previous recommendations
b) NAFO Catch Estimates Methodology Study
Adjournment

VI. Fisheries Science (STACFIS Chair: Karen Dwyer)

1.

2.
3.
4

Opening

General Review of Catches and Fishing Activity

Invited speaker

Stock Assessments

1. Greenland halibut Reinhardtius hippoglossoid¢sn SAO, Div.1A offshore and Div1B-F (fully
assessed)
Greenland halibut Reinhardtius hippoglossoidg®iv. 1A inshore (fully assessed)

2
3.
4. Demersal Redfish $ebastespp.) in SA 1 (monitor)
5  Other Demersal fish in SA 1

5a. Wolffish in Subarea 1 (monitor)

6. Cod Gadus morhugin Div. 3M (fully assessed)

7a. Redfish (Sebastes mentelland Sebastes fasciatiisn Div. 3M (monitor)

7b. Golden redfish Sebastes norvegiclueka S. marinu$ in Div. 3M (monitor)

8. American plaice Hippoglossoides platessoides Div. 3M (monitor)

9. Cod Gadus morhugin NAFO Div3NO (fully assessed)

10. Radfish (Sebastes mentelland Sebastes fasciat)isn Divs. 3L and 3N (fully assessed)
11. American plaice Hippoglossoides platessoidein Div. 3LNO (fully assessed)

12. Yellowtail flounder (Limanda ferrugineg in Div. 3LNO (fully assessed)

13. Witch flounder (Glyptocephalus cynoglossuis Div. 3NO (ully assessed

14. Capelin (Mallotus villosug in Div. 3NO (fully assessed)

15. Redfish (Sebastes mentelland Sebastes fasciatdsn Div. 30 (monitor)

16. Thorny skate (Amblyraja radiata) in Div.3LNO and Subdiv. 3PS (fully assessed)

17. White hake (Urophycis tenui¥in Div. 3NO and Subdiv3PS(monitor)

18. Roughhead grenadier Klacrourus berglay in Subareas 2 and 3 (monitor)

19. Witch flounder (Glyptocephalus cynoglossui Div. 2J+3KL (monibr)

20. Greenland halibut Reinhardtius hippoglossoidésn SA2 + Div.3KLMNO (monitor)
21. Northern shortfin squid (lllex illecebrosu$ in Subareas 3+4 (monitor)

22. Splendid alfonsino Beryx splendensin SA 6 {ully assessed
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VII.

5. Stocks under a Maagement Strategy Evaluation

a)
b)

Greenland halibut in SA 2 and Div. 3KLMNO
3LN redfish

6. Other Matters

a)
b)

FIRMS Classification for NAFO Stocks
Other Business

7. Adjournment

Management Advice and Responses to Spedr#quests
1. Fisheries Commission (Annex 1)

a)

b)

Request for Advice on TACs and Other Management Measures (Item 1, Annex 1)
For 2019

- Cod in Div. 3M

For 2019 and 2020

- American Plaice in Divs. 3LNO

- Thorny Skate in Divs. 3LNO

For 2019, 2020 and 2021

- Yellowtail flounder in Divs. 3LNO

- Cod in Divs. 3NO

- Capelin in Divs. 3NO

- Alfonsino stocks in the NAFO Regulatory Area

Monitoring of Stocks for which Multiyear Advice was provided in 2016 or 2017 (Item 1)
- Redfish in Div 3M

- American Plaice in Divs3M

- Witch flounder in Divs. 3NO

- Redfish in Div.30

- White hake Div.3NO and Subdiv3PS

- Roughhead grenadier in Subareas 2 and 3

- Witch flounder in Div. 2J+3KL

- Northern shortfin squid in Subareas 3+4

Special Requests for Management Advice

i) Greenland halibut in SA2 + Divs. 3KLMN\Vonitor the status annually to determine
whether exceptional circumstances are occurringltem 2)

i) Conduct a fullassessment of 3LN Redfisfitem 3)

i)  Develop criteria for the identification of exceptional circumstances under the Greenland
halibut 2+3KLMNO management strategy (Item 4)

iv)  Benchmark assessment of the 3M Cod and workplan for MEEm 5)

V) Continue the evaluation of trawl surveys on VME@tem 6)

vi)  Implement the Action plan for progression in the management and minimization of
Bycatch and discardgltem 7)

vii)  Conduct a full assessment on 3M golden Redfish in 20{i&em 8)

viii) Provide further guidance on the implementation of an ecosystem approach and
application of the Ecosystem Road Map (ltem 9)

ix)  Assessment of NAFO bottom fisheries (item 10)

X) Continue progress on the NAFO PA Framework (Item 11)

xi)  Review and develop advice for Greenland sharKSomniosus microcephalugltem 12)
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xii)  Continue work on the SWOT analysis (Item 13)
Coastal States
a) Request by Denmark (Greenland) for Advice on Management in 2019 (Annex 2)
i) Goldenredfish, demersal deepsea redfish, Atlantic wolffish and spotted wolfish (Item 1)
i) Pandalus borealiseast of Greenland and in the Denmark Strait (in conjunction with ICES).
(Item 4 & 5)
b) Request by Canada and Greenland for Advice lanagement in 2019 (Annex 2, Annex 3)
i) Greenland halibut inDiv. OA andthe offshore area of Div. 1A, plus Div. 1BAnnex 2,Item 3;
Annex 3, Item 1)
i) Pandalus borealisn SA 0+1 (Annex 2, Iltem 5; Annex 3, Item 2)

Review of Future Meetings Arangements
Scientific Council (in conjunction with NIPAG), 2018
Scientific Council, 1721 Sep. 2018
Scientific Council, June 2019
Scientific Council (in conjunction with NIPAG), 2019
Scientific Council, Sep. 2019
NAFO/ICESJoint Groups
a) NIPAG, 2018
b) NIPAG, 2019
WGESA, 13-22 Nov. 2018
WGDEC
WGHARP

IX. Arrangements for Special Sessions

XI.

XIl.

1.
2.

Topics for future Special Sessions
ICES/PICES shellfish symposium

Meeting Reports

1.
2.
3.

4,

Working Group on Ecosystem Science and Assessment MZGA), Nov. 2017

Report from ICESNAFO Working Group on Deepwater Ecosystems (\AEC), Mar. 2018

Report from Joint COMSC Working Group on Catch Estimation Strategy Advisory Group (CESAG),
Nov. 2017, March and April 2018

Meetings attended by the Secretariat

Review of Scientific Council Working Procedures/Protocol

1.
2.

General Plan of Work for September 2018 Annual Meeting

Other Matters
Timeline for reporting of SC results/ad/ice following meetings
Timeframe for completion of meeting reports
Attendance of observers in SC meetings (restricted vs open meetings)
Meeting participation by WebEx

Other Matters

1.

2
3.
4

Designated Experts

Stock Assessmenspreadsheets
Scientific Merit Awards

Budget items
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5. Other Business
Canadian assessment of northern cod

XIll. Adoption of Committee Reports

1. STACFEN
2. STACREC
3. STACPUB
4. STACFIS

XIV. Scientific CounciRecommendations to General Council and Fisheries Commission

XV. Adoption of Scientific Council Report

XVI. Adjournment

www.nafo.int
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Date
01 June (Friday)

02 June (Saturday)

03 June (Sunday)
04 June (Monday)

05 June (Tueday)
06 June (Wednesday)

07 June (Thursday)
08 June (Friday)
09 June (Saturday)
10 June (Sunday)
11 June (Monday)

12 June (Tuesday)
13 June (Wednesday)
14 June (Thursday)

277

PROVISIONAL TIMETABLE

Scientific Council Meeting, 01-14 June 2018

Time
0900
0900-0930
1000-1030
1100-1200
1200-1300
1300-1800
0900-1200
1300-1800
1830-2030
No meetings
0900-1200
1300-1800
1830-2030
0900-1800
0900-1200
1300-1800
0900-1800
0900-1800
0900-1800
No meetings
0830
0900-1800
0900-1800
0900-1800
0900-1800

Schedule
Registration, network connection
SC Executive
SC Opening
STACFEN
Break
STACFEN
Scientific Council/STACFIS
STACFIS

Scientific Council Reception

STACPUB

Scientific Council/STACFIS
STACFIS

STACREC

STACFIS

STACFIS

STACFIS

STACFIS

STACFIS Reports

Scientific Council Executive

Scientific Council (Standing Committee Reports)

Scientific Council

Scientific Council

Scientific Council(advice and adoption ofreports)
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ANNEX 1. FISHERIES@MMISSION'S REQUESHOR SCIENTFIC ADVICE ONVMANAGEMENT IN 20B
AND BEYOND OF CERTAISTOCKS IN SUBAREAS 3 AND 4 AND OTHR MATTERS

Following a request from the Scientific Council, the Commission agreed that items 1, 3, 4, 5, and 12 should be
the priority for the June 2018 Scientific Councimeeting.

1. The Commission requests that the Scientific Council provide advice for the management of the fish stocks
below according to the assessment frequency presented below. The advice should be provided as a range
of management options and a riskanalysis for each option (rather than a single TAC recommendation).

Yearly basis Two-year basis Three-year basis
American plaice in Div. 3LNO American plaice in Div. 3M

Cod in Div. 3M Redfish in Div. 3M Capelin in Div. 3NO
Northern shrimp in Div. 3M Cod in Div. 3NO
Northern shrimp in Div. 3LNO Northern shortfin squid in SA 3+4
Thorny skate in Div. 3LNO Redfish in Div. 30
White hake n Div. 3NO Witch flounder Div. 2J+3KL
Witch flounder in Div. 3NO Yellowtail flounder in Div. 3LNO
Redfish 3LN Greenland halibut 2+3KLMNO

Splendid alfonsino in SA 6

To implement this schedule of assessments, the Scientific Council is requested to conduct a full assessment of
these stocks as follows:

In 2018, advice should be provided for 2019 for Cod in Di@M and shrimp in Div. 3M.

In 2018, advice should be provided for 2019 and 2020 for, American Plaice in 3LNO, and Thorny Skate in
3LNO.

In 2018, advice should be provided for 2019, 2020 and 2021 for Yellowtail Flounder in 3LNO, Cod in 3NO,
and Capelin in 3ND and for alfonsino stocks in the NAFO Regulatory Area.

Advice should be provided using the guidance provided i\nnexes A or B as appropriate , or using the
predetermined Harvest Control Rules in the cases where they exist (currently 3LN Redfish and Greem
halibut 2+3KLMNO).

The Commission also requests the Scientific Council to continue to monitor the status of all other stocks
annually and, should a significant change be observed in stock status (e.g. from surveys) or in bycatch in other
fisheries, provide updated advice as appropriate.

2. The management strategy for Greenland halibut in Subarea 2+Div. 3KLMNO will be implemented initially
for 6 years beginning in 2018. Acknowledging that an Exceptional Circumstances Protocol is will be
developed for this stock in 2018 (see item 3 below), theCommission requests the Scientific Council to
monitor the status annually to determine whether exceptional circumstances are occurring. Scientific
Council should also perfor m an er‘tha andualtmonitairg oetses me n t
update assessment indicates that exceptional circumstances are occurring, the exceptional circumstances
protocol will provide guidance on what steps should be taken.

3. The Commission requests the Scientific Council condua full assessment oBLN Redfish to evaluate the
effect of the removals.

4. The Commission requests the Scientific Coundib develop criteria for the identification of exceptional
circumstances under the Greenland halibut 2+3KLMNO management strateghjs should take into
account the issues noted by the W&BMS (COMSC WP 1706), to support the development of an
exceptional circumstances protocol and provide its recommendations to the WBBMS meeting planned
for August 2018.
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The Commission requests the Scientific Council to implement processes to conduct a full benchmark
assessment of the 3M Cod in line with the work plan (FSC Doc. 1-02, Annex 3) and the steps of the
work plan relevant to the SC for progression of the 3M Cod Magement Strategy Evaluation for 2019.

The Commission requests that Scientific Council continue its evaluation of the impact of scientific trawl
surveys on VME in closed areas, and the effect of excluding surveys from these areas on stock
assessments.

The Commission requests the Scientific Council to implement the steps of the Action plan relevant to the
SC for progression in the management and minimization of Bycatch and discards (COM WFB&Y.

The Commission requests the Scientific Council tooduct a full assessment on 3M golden Redfish in
2019 and, acknowledging that there are three species of redfish that exist in 3M and are difficult to
separate in the catch, provide advice on the implications for catch reporting and stock management.

The Commission requests the Scientific Council provide further guidance on the implementation of an
ecosystem approach and application of the Ecosystem Road Map, through examples of how advice
compares to single species stock assessment, including additionfdctors to be considered and
integrating trophic level interactions and climate change predictions.

In relation to the assessment of NAFO bottom fisheries, the Commission endorsed the nexassessment
in 2021 and that the Scientific Council should

1 Assess the overlap of NAFO fisheries with VME to evaluate fishery specific impacts in addition to the
cumulative impacts;

1 Consider clearer objective ranking processes and options for objective weighting criteria for the
overall assessment of significanadverse impacts and the risk of future adverse impacts;

1 Maintain efforts to assess all of the six FAO criteria (Article 18 of the FAO International Guidelines for
the Management of Deep Sea Fisheries in the High Seas) including the three FAO functional SAl
criteria which could not be evaluated in the current assessment (recovery potential, ecosystem
function alteration, and impact relative to habitat use duration of VME indicator species).

1 Continue to work on nonsponge and coral VMEs (for example bryozoasmd sea squirts) to prepare
for the next assessment.

The Commission requests the Scientific Council to continue progression on the review of the NAFO PA
Framework.

The Commission requests theScientific Council, by their 2018 annual meeting engageith relevant
experts as needed, review additional information beyond what was provided in 2017, on the life history,
population status, and current fishing mortality of Greenland sharks Somniosus microcephaljis on
longevity and records of Greenland shd&r bycatch in NAFO fisheries, and develagdvice for management,
in line with the precautionary approach, for consideration by the Commission.

The Commission requests thé&cientific Council continue on a Strengths, Weaknesses, Opportunities and
Threats (SWOT) analysis. The strategy and the mid and lotigrm objectives and tasks in view of NAFQO's
amended convention objectives should be developed jointly with the Commission. The plan should define
for each strategic objective goals, tasks and measurablegets.
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ANNEX A: Guidance for providing advice on Stocks Assessed with an Analytical Model

The Commission request the Scientific Council to consider the following in assessing and projecting future
stock levels for those stocks listed above. Theswaluations should provide the information necessary for the
Fisheries Commission to consider the balandeetween risks and yield levels, in determining its management
of these stocks:
For stocks assessed with a production model, the advice should includedated time series of:
Catch and TAC of recent years

1

f
f
f
f
f

Catch to relative biomass

Relative Biomass

Relative Fishing mortality

Stock trajectory against reference points

And any information the Scientific Council deems appropriate.

Stochastic short-term projections (3 years) should be performed with the following constant fishing

mortality levels as appropriate:

1 For stocks opened to direct fishing: 2/3 sy, 3/4 Fmsy 85% Fmsy, 75% Fo17, F017, 125% Fo17,

91 For stocks under amoratorium to direct fishing: F2017, F = 0.
The first year of the projection should assume a catch equal to the agreed TAC for that year.
Results from stochastic shortterm projection should include:
e The 10%, 50% and 90% percentiles of the vyield, total ibmass, spawning stock biomass and
exploitable biomass for each year of the projections
e The risks of stock population parameters increasing above or falling below available biomass and
fishing mortality reference points. The table indicated below shouldyuide the Scientific Council in
presenting the shortterm projections.
Limit reference points
P(B2020
P(F>Fim) P(B<Bim) P(F>Fmsy) P(B<Bnsy) > B2016)
Yield _ Yield
Fin2017 and | 2918 ;(')i'g 2020
following (50% (50%
years* ) (50%) ) | 2018 2019 2020 | 2018 2019 2020 2018 2019 2020 | 2018 2019 2020
2/3 Fmsy t t t % % % % % % % % % % % % %
3/4 Fsy t t t % % % % % % % % % % % % %
85% Fmsy t t t % % % % % % % % % % % % %
Fmsy t t t % % % % % % % % % % % % %
0.75 X Ro17 t t t % % % % % % % % % % % % %
F2017 t t t % % % % % % % % % % % % %
1.25 X Ro17 t t t % % % % % % % % % % % % %
F=0 t t t % % % % % % % % % % % % %
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For stock assessed with an agstructured model, information should be provided on stock size, spawning stock
sizes, recruitment prospecs, historical fishing mortality. Graphs and/or tables should be provided for all of
the following for the longest time-period possible:
historical yield and fishing mortality;

f
f
1

spawning stock biomass and recruitment levels;

Stock trajectory againstreference points

And any information the Scientific Council deems appropriate

Stochastic shortterm projections (3 years) should be performed with the following constant fishing

mortality levels as appropriate:

1 For stocks opened to direct fishing: &1, Fmax, 2/3 Fmax, 3/4 Fmax, 85% Fmax, 75% o017, Fo17,
125% Fo017,

9 For stocks under a moratorium to direct fishing: Bo17, F = 0.
The first year of the projection should assume a catch equal to the agreed TAC for that year.
Results from stochastic shortterm projection should include:
1 The 10%, 50% and 90% percentiles of the vyield, total biomass, spawning stock biomass and
exploitable biomass for each year of the projections
1 The risks of stock population parameters increasing above or falling below availablbiomass and
fishing mortality reference points. The table indicated below should guide the Scientific Council in
presenting the shortterm projections.
Limit reference points
P(B2020 >
P(F.>Fim) P(B<Bim) P(F>F0.1) P(F>Fna) B2016)
Fin
2017
and
following Yield Yield | Yield
years* | 2018 2019 | 2020 | 2018 2019 2020 | 2018 2019 2020 2018 2019 2020 | 2018 2019 2020
FO.1 t t t % % % % % % % % % % % % %
Fmax t t t % % % % % % % % % % % % %
66% Fmax t t t % % % % % % % % % % % % %
75% Fmax t t t % % % % % % % % % % % % %
85% Fmax t t t % % % % % % % % % % % % %
0.75X
Foo17 t t t % % % % % % % % % % % % %
Fao017 t t t % % % % % % % % % % % % %
1.25 X
Foo17 t t t % % % % % % % % % % % % %
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ANNEX B. Guidance for providing advice on Stocks Assessed without a Population Model

For those resources for which only general biological and/or catch data are available, few standard
criteria exist on which to base advice. The stock status should be dwated in the context of management
requirements for long-term sustainability and the advice provided should be consistent with the
precautionary approach.

The following graphs should be presented, for one or several surveys, for the longest tiperiod
possible:

a) time trends of survey abundance estimates
b) an age or size range chosen to represent the spawning population
c) an age or sizerange chosen to represent the exploited population
d) recruitment proxy or index for an age or sizerange chosen taepresent the recruiting population.
e) fishing mortality proxy, such as the ratio of reported commercial catches to a measure of the
exploited population.
f)  Stocktrajectory against reference points
And any information the Scientific Council deems appropriate.
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ANNEX 2. DENMARK (ONBEHALF OF GREENLANDREQUEST FOR SCIENHIC ADVICE ON
MANAGEMENT IN 20D OF CERTAIN STOCK®ISUBAREAS 0 AND 1

1. Golden Redfish, Demersal deepea Redfish, Atlantic Wolffish and Spotted Wolffish: Advice on
Golden Redfish $ebastes maringys Demersal DeepSea Redfish $ebastes mentelja Atlantic
Wolffish (Anarhichas lupu¥ and Spotted Wolffish Anarhichas minoj in Subarea 1 was in June 2017
given for 2018-2020. Consequently, the Scientific Council is requested to continits monitoring of
the above stocks and provide updated advice as appropriate in the event of significant changes in
stock levels. Furthermore, the Scientific Council is asked to advice on any other management
measures it deems appropriate to ensure the stainability of these resources.

a) ' OAATT AT A (Al FhdlOIGriecEORINOA Ha+1l baudviicne swabsa riema s2 001
for 2017 8wmbj 0t1 8t o the concurrence of Canada a
Denmark (on behalf of Greenl and) requests the S
provide advice on ftohmeanagemant f iocf boafsfisshor e Gr e ¢
2AET EARRBDEIOQ )l OOi EtAWAeO f ol | owi ng areas:

1 a. The offshore areas of NAFO Division OA and Division 1 A+ 1B

M b. NAFO Division 0B and 1.

1

1 The Scientific Council is also asked to advise on any other management measures it deems
appropriate to ensure the susainability of theseresources.

1

2. Greenland Halibut, inshore, Northwest Greenland: Advice on Greenland Halibut in Division 1A
inshore was in 2016 given for 20172018. Denmark (on behalf of Greenland) requests the Scientific
Council before December 2018 to mvide advice on the scientific basis for management of inshore
Greenland Halibut Reinhardtius hippoglossoid@sn Division 1A.

3. Northern Shrimp, West Greenland: Subject to the concurrence of Canada as regards Subarea 0 and
1, Denmark (on behalf of Greenladh) requests the Scientific Council before December 2018 to
provide advice on the scientific basis for management of Northern ShrimfPandalus borealis)in
Subarea 0 and 1 in 2019 and for as many years ahead as data allows for

4. Northern Shrimp. East Greenlad: Furthermore, the Scentific Council is incooperation with ICES
requested to provide advice onthe scientific basis for managementof Northern Shrimp (Pandalus
borealis)in Denmark Strait andadjacentwaters east ofsouthern Greenlandin 2019 andfor asmany
years aheadas data allows for.
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ANNEX 3. REQUESTS FROADVICE FROM CANADROR 2019

1. Greenland halibut (Subareas 0 andi)

The Scientific Council is requested to provide an overall assessment of status and trends in the total stock
area throughout its range and to specifically advise on TAC levels for 2019 and 202gparately, for
Greenland halibut in Divisions OA + 1 A (offshore) and 1 B, and Divisions OB+ 11Cifhe Scientific
Council is also asked to provide advice on any other management meassii¢ deems appropriate to
ensure the sustainability of these resources.

a) It is noted that at this time only general biological advice and/or catch data are availabléew
standard criteria exist on which to base advice. The stock status should bealuated in the context of
management requirements for longterm sustainability and the advice provided should be consistent
with the precautionary approach and include likely risk considerations and implications as much as
possible, including risks of mantaining current TAC levels and any risks and available details of
observations that would support an increase or decrease in the TAC.

The following graphs should be presented, for one or several surveys, for the longest tifperiod
possible:

=A =4 =4 -4 -4

f

Historical catches;

Abundance and biomass indices;

Age or size range chosen to represent the spawning population;

Age or size range chosen to represent the exploited population;

Recruitment proxy or index for an age or sizeange chosen to represent the recruiting
population;

Fishing mortality proxy, such as the ratio of reported commercial catches to a measure of the
exploited population; and

Stock trajectory against reference points.

Any other information the Scientific Council deems relevant should also be provided

1 The Scientific Council has noted previously that there is no biological basis for conducting separate
assessments for Greenland halibut throughout Subareas-3) but has advised that separate TACs be
maintained for different areas of the distribution of Geenland halibut.

2 Canada encourages the Scientific Council to continue to explore opportunities to develop risksed advice
in the future, including the implications of increases in the TAC (e.g. by | 0, 15 or 25%), noting that data
conditions do not allow for such advice at this time.
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APPENDIX VI. IST OF SCR AND SCS DOCUMENTS

SCR Documents

Doc No. Serial No | Author (s) Title
SCR Doc. 1801 | N6778 F. GonzalezCostas, D. 3M cod assessment input data
GonzalezTroncoso, A. Avila
de Melo and R. Alpoim
SCR Doc. 1802 | N6779 Marga  Andrés, Dorleta| Model-free HCR: literature review for NAFO Cod 3M
Garcia, Agurtzane
Urtizberea
SCR Doc. 1803 | N6780 F. GonzalezCostas and D) Cod 3M Natural Mortality
GonzalezTroncoso
SCR Doc. 1804 | N6781 Thomas Brunel
Exploratory assessment of the cod 3M stock using SAM
SCR Doc. 1805 | N6782 John Mortensen Report on hydrographic conditions off Southwest
Greenland June/July 2017
SCR Doc. 1806 | N6789 Boris Cisewski Atmospheric conditions over West Greenland in 2017
SCR Doc. 1807 | N6790 D. Bélanger, G. Maillet, H Biological Oceanographic Conditions in the Northwes
Pepin, B. Casault, C. Johnsg Atlantic During 2017
S. Plourde, P.S. Galbraith,
Devine, M. Scarratt, MBlais,
E. Head, C. Caverhill, H
Devred, J. Spry, A. Cogswe
L. StAmand, S. Fraser, G
Doyle, A. Robar, J. Hingdor
J. Holden, C. Porter, H
Colbourne
SCR Doc. 1808 | N6792 Diana Gonzalez Troncoso| Results from Bottom Trawl Survey on Flemish Cap @
José Miguel Casas Sanchg JuneJduly 2017
Rafael Bafion and Modnics
Mandado
SCR Doc. 1809 | N6793 E. Colbourne, J. Holden, § Physical Oceanographic  Environment on the
Snook, S. Lewis, F. Cyr, [ Newfoundland and Labrador Shelf in NAFO Subareas
Senciall, W. Bailey andJ.| and 3 during 2017
Higdon
SCR Doc. 1810 | N6794 E. Colbourne, A. Perezl Ocean Climate Variability on the Flemish Cam NAFO
Rodriguez, A. Cabrero and G Subdivision 3M during 2017
GonzalezNuevo
SCR Doc. 1811 | N6795 Diana GonzéleZlroncoso, | Results for Greenland halibut, American plaice an
Ana Gago, Lupe Ramilo an{ Atlantic cod of the Spanish survey in NAFO Div. 3NO f
Esther Roméan the period 1997-2017
SCR Doc. 1812 | N6796 Diana GonzaleZlroncoso, | Yellowtail flounder, redfish (Sebastesspp.) and witch
Ana Gago and Lupe Ramilo | flounder indices from the Spanish Survey conducted ir
Divisions 3NO of the NAFO Regulatory Area
SCR Docl8-013 | N6797 Diana GonzaleZlroncoso, | Biomass and length distribution for roughhead
Ana Gago and Lupe Ramilo | grenadier, thorny skate and white hake from the surveys
conducted by Spain in NAFO 3NO
SCR Doc. 1814 | N6798 Paula Fratantoni Hydrographic Conditions on the Northeast United Statesg
Continental Shelf in 2017- NAFO Subareas 5 and 6
SCR Doc. 1815 | N6799 M. A. Treble Report on Greenland halibut caught during the 2017

trawl survey in Divisions 0A
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SCR Doc. 1816 | N6800 Lisa C. Hendrickson Greenland shark §omniosus microcephalliscatches off
the U.S. East Coast based on data from data frg
research surveys, fishery observer programs, logbook
and tagging programs conducted by the U.S. Nation
Marine Fisheries Service
SCR Dodl8-017 | N6801 Rideout and Ings Temporal And Spatial Coverage Of Canadig
(Newfoundland And Labrador Region) Spring And
Autumn Multi-Species RV Bottom Trawl Surveys, Witl
An Emphasis On Survey€onducted In 2017
SCR Doc. 1818 | N6802 Roman, E., D.Gonzéalez | Results for the Atlantic cod, roughhead grenadier
Troncoso and M. Alvarez redfish, thorny skate and black dogfish of the Spanis
Survey in NAFO Div 3L for the period 2002017.
SCR Doc. 1819 | N6803 Roman, E., C.Gonzdalez | Results for the Spanish Survey in the NAFO Regulato
Iglesias and D. Gonzéalez Area of Division 3L for the period 20032017
Troncoso
SCR Doc. 1820 | N6804 Lisa C. Hendrickson, Jan{ Greenland shark Somniosus microcephalliscatches in
Aker, Sebastian Glindtvad fisheries conducted in the Northwest Atlantic Fisheries|
and Tom Blasdale Organization Regulatory Area
SCR Doc. 1821 | N6805 Adriana Nogueira and O.A| Results for Greenland halibut survey in NAFO Division
Jorgensen 1G-1D for the period 1997-2017
SCR Doc. 1822 | N6806 Fernando Gonzélezostas | Assessment of Splendid alfonsinoBeryx splendensin
NAFO Subarea 6
SCR Doc. 1823 | N6807 Frank Rigét and Rasmug An analyses of logbooks of Greenland Halibut Stog
Nygaard Component in NAFO Division 1A Inshore.
SCR Doc. 1824 | N6808 A. PérezRodriguez, D.| Update of the Flemish Cap multispecies model GadCap
GonzalezTroncoso part of t he EU SCO05 proj
Assessment for NAFO
SCR Doc. 1825 | N6809 A. PérezRodriguez | Estimates of natural predation and residual mortality for
F. GonzaleLostas the Flemish Cap cod
SCR Doc. 1826 | N6810 Simpson et al. Distribution and Analysis of Canadian Greenland Shar,
(Somniosus microcephalus) bycatch inthe NAFO
Regulatory Area
SCR Doc. 1827 | N6811 Simpson et al. Assessment of Thorny Skate Amblyraja radiata
Donovan, 1808) in NAFO Divisions 3LNO and Sub. 3Ps
SCR Doc. 1828 | N6812 R.M. Rideout et al. An Assessment of the Cod Stock in NAB@visions 3NO
SCR Doc. 1829 | N6815 Diana GonzéaleZlroncoso, | Bayesian XSA model for the 3M cod
Carmen Fernandez and
Fernando GonzéalezCostas
SCR Doc. 1830 | N6816 Diana GonzéaleZlroncoso, | Bayesian SCAModel for the 3M cod
Carmen Fernandez and
Fernando Gonzéalezostas
SCR Doc. 1831 | N6817 Sampedro, P; Garabana, [ Validation of Cod maturity ogive in NAFO 3M. Effect g
Saborido-Rey, F the reproductive cycle moment on ogive estimation
SCR Doc. 1832 | N6820 Rasmus Nygaard and Biomass and Abundance of Demersal Fish Stocks
Adriana Nogueira West and East Greenland estimated from the Greenlan
Institute of Natural resources (GINR) Shrimp and Fish
Survey (SFW), 199€r017.
SCR Doc. 1833 | N6822 A. M. Avila de Melo , R The status of redfish 6. mentellaand S. fasciatu} in
Alpoim , D. Gonzéalez Divisions 3LN at present and the likelihood its follow up
Troncoso , F. Gonzalez an| in the near future (under the ongoing the Managemen
M. Pochtar Strategy or a status quo TAC scenario)
SCR Doc. 1834 | N6823 Mathieu Ouellet NAFO STACFEN Report 2017
SCR Doc. 18| N6825 Rasmus Nygaard Trawl, gillnet and longline survey results from surveys

035REV

conducted by the Greenland Institute of Natural
Resources in NAFO Division 1A Inshore
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SCR Doc. 1836 | N6826 D. Maddock Parsons, J Divisions 3LNO Yellowtail Flounder [imanda
Morgan and R. Rideout ferruginea) in the 2015-2017
Canadian Stratified Bottom Trawl Surveys
SCR Doc. 1837 | N6827 Rasmus Hedeholm, Rasmuj Greenland shark in Greenland waters in NAFO Subared
Nygaard and Adriana| and ICES XIV.
Nogueira
SCR Doc. 1838 | N6828 Dawn Maddock Parsons| Assessment of NAFO Div. 3LNO Yellowtail Flounder
Joanne Morgan andBrian
Healey
SCR Doc. 1839 | N6829 L. Wheeland, K. Dwyer, J Assessment of American Plaice in Div. 3LNO
Morgan, R. Rideout, and R
Rogers
SCR Doc. 1840 | N6830 M. A. Treble and A Nogueria| Assessment of the Greenland Halibut Stock Compone
in NAFO Subarea 0 + Division 1A (Offshore) an
Divisions 1B-1F
SCR Doc. 1841 | N6831 J.L. Bryk, K.J. Hedges an Summary of Greenland SharkSomniosus microcephaljis
M.A. Treble catch in Greenland Halibu{Reinhardtius hippoglossoides
fisheries and scientific surveys conducted in NAF(
Subarea 0
SCR Doc. 1842 | N6833 Diana GonzaleZlroncoso, | Assessment of the Cod Stock in NAFO Division 3M
Carmen Fernandez and
Fernando GonzélezCostas
SCR Docdl8-043 | N6834 Rasmus Nygaard An assessment of the Greenland Halibut Stog
Component in NAFO Division 1A Inshore.
SCR Doc. 1844 | N6835 L. Wheeland and B. Devine | Bycatch of Greenland SharkSomniosus microcephallis
from inshore exploratory fisheries adjacent to NAFO
Division 0
SCR Doc. 1845 | N6836 V. Korzhev and M. Pochtar | Proposals for the exploitation strategy of the Flemish Ca
redfish stock
SCR Doc. 1846 | N6838 I.S. Tretyakov Capelin Stock Assessment in NAFO Divisions 3NO Bag
on Data from Trawl Surveys
SCR Doc. 1847 | N6842 M.J. Morgan Greenland halibut Reinhardtius hippoglossoidgs in
NAFO Subarea 2 and Divisions 3KLMNO: stock tren
based on annual Canadian research vessel survey result
SCR Doc. 1848 | N6843 Dawn Maddock Parsons Yellowtail exploratory modelling
SCR Doc. 1:849 | N6844 D. Hebert and R. G. Pettipas| Physical Oceanographic Conditions on the Scotian Sh
and in the eastern Gulf of MaingdNAFO Divisions 4V,W|
X) during 2017
SCR Doc. 1850 | N6845 Laura Wheeland Limit reference point for Witch Flounder in NAFO
Divisions 2J+3KL
SCR Doc. 1851 | N6847 A. Avila de Melo and R| On 3M cod natural mortality: a proposal for a separable
Alpoim approach over recent years (20052017)
SCR Docl8-052 | N6848 E. Lee, J. Morgan, R. N An assessment of the witch flounder resource in NAF

Rideout, B. Rogers

Divisions 3NO
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SCS Documents

Doc No. Serial No | Author Title
SCS Doc. 181 N6773 COMRequests to SC
SCS Doc. 182 N6776 Denmark (on behalf of Greenland) Requests for Scientifi
Advice on Management in 2019 of Certain Stocks
Subarea 0 and 1.
SCS Doc. 183 N6777 Canada Request for Coastal State Advic2019
SCS Doc. 184 N6783 Report of the review ofinput data for 3M Cod benchmark
assessment
SCS Doc. 185 N6784 K.Hubel Estonian Research Report for 2017
SCS Doc. 186 N6786 Japan Japan Research Report for June 2017
SCS Doc. 187 N6787 F. GonzélexCostas, G| Spanish Research Report for 2017
Ramilo, E. Roman, J
Lorenzo, A. Gago, D
GonzéalezTroncoso and M.
Sacau.
SCS Doc. 188 N6788 J. Vargas, R. Alpoim, B Portuguese Research Report for 2017
Santos and A. M. Avila dg
Melo
SCS Doc. 189 N6791 Luis Ridao Cruz Faroese Research Report 2017
SCS Doc. 180 N6819 Greenland Institute  of | Denmark/Greenland Research Report for 2017
Natural Resources
SCS Doc. 181 N6819 NAFO Tagging 2017
SCS Doc. 182 N6821 NAFO List of Biological Sampling Data for 2017
SCS Doc. 183 N6824 K. Fomin and M.Pochtar Russian Research Report for 2017
SCS Doc. 184 N6832 M.L. Traver and K.A] United States Research Report for 2017
Sosebee
SCS Doc. 185 N6837 Canada Canadian Research Report
SCS Doc. 126 N6839 NAFO Available Data from the Commercial Fisheries Related |
Stock Assessment (2017) andnventory of Biological
Surveys Conducted in the NAFO Area in 2017 ar
Biological Surveys Planned for 2018 and Eardg019
SCS Doc. 187 N6840 NAFO A Compilation of Research Vessel Surveys on a Stdmk
stock Basis
SCS Doc. 188 N6841 NAFO CodBenchmark Report, 913 April 2018
SCS Doc. 189 N6849 NAFO Report of the Scientific Council June Meeting, &4 June

2018
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