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INTRODUCTION

There are four species of redfish found across the Ndnvest Atlantic; deepwater redfish Sebastes mentelja
Acadian redfish Sebastes fasciatigsgolden redfish Sebastes norvegicus/Sebastes marijpasnd Norway
redfish (Sebastes viviparyLadigan et al., 2022). In NAFO divisions 3LN, deepwater and Acadian redfish are
the most common. Deepwater redfish are found in deeper waters (greater than 350#wyila de Melo et al.,
2020), are slower growing (Cadigan and Campana, 2017), and reach maturity at an older age (approx.-90
years,Gascon, 2003), whereas Acadian redfish are typically found in waters less than 300m, are faster
growing, and reach maturity at ages ® years Gascon, 2003). Since deepwater and Acadian redfish are
difficult to distinguish visually, they are most often reported collectively as beaked redfish, both in the
commercialand survey catches.

Redfish are a difficult stock to assess, not only because they are slow growing, ldirgd, and late maturing,

but recruitment is episodic and poorly understood (icandeo et al., 2020). Additionally, redfish have both
pelagic and demersal concentrationsAvila de Melo et al., 2020), which makes the stock as a whole difficult
to effectively sample in bottom trawl surveys. In 3LN, the lack of a routinegereading program, whether in
commercial or survey sampling, also limits the scope of stock assessment methods that can be implemented.
As such, stock assessment approaches that are useful for other stocks (e.g., 3M redfigite de Melo et al.,
2019), may fail or provide misleading advice when applied to 3LN redfishQadigan and Campana, 2017).

Redfish in 3LN are currently managed as a single stock, although are comsigd part of a larger Northwest
Atlantic complex ranging from the Gulf of Maine to the south of Baffin Island\ila de Melo et al., 2020).

The status of the stock was historically assessed via trends in survey andwoercial indices and their size
compositions (e.g.Atkinson, 1985 ; Power, 1992), until a surplus production model was implemented in
2008 (ASPICAvila de Melo et al., 2008). The ASPIC model has undergone many revisions over time,
including incorporating additional survey indices (e.g.Avila de Melo and Alpoim, 2010 ), and fixing the MSY
estimate (Avila de Melo et al., 2014). In 2014, a management strategy evaluation (MSE) was developed for
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3LN redfish, in orderto provide guidance for implementing harvest control rules (HCRDauphin et al.,

2014). A stepwise increasing HCR, with a seven year implementation period, has been in place since January
2015, with full assessmentaising the ASPIC model occurring every subsequent two years to monitor the
performance of the HCR (e.gNAFO, 20214). The implementation period for the 2014 MSE is about to end,

and as a result, the Commission hasquested revisiting the MSE processNAFO, 2022). This data review is a
first step in an updated MSE for 3LN redfish, and provides a detailed discussion of the available commercial
and survey data.

FISHERY¥INDEPENDENTDATA

For clarity throughout the text, definitions and concepts related to stratifiedrandom surveys, specifically as
they apply to fisheries research vessel bottortrawl! surveys, are briefly described. Stratified random
sampling results in substantial impovement in precision (over simple random sampling) when variation
within the strata is less than variation among the strataGuy and Brown, 2007 ). This is the case for fisheries
surveys, where species often haveepth and temperature preferences. The survey area is stratified based on
depth, and the number of survey tows (sometimes referred to as fishing sets) are typically allocated for a
given stratum proportional to the stratum area. Tow sites are randomly seléed from sampling units within
each stratum. The abundance (in numbers) and/or biomass (in weight) of a species of interest can then be
estimated by summing the areaveighted mean number or weight per tow in each stratum.

A vital component of fisheriesindependent surveys is the standardization of the survey protocols. The factors
that can influence the catchability of a survey tow have been wedtudied, and include the vesselde

Robertis and Handegard, 2013 ; Handegard and Tjgstheim, 2005 ), gear Engas, 1994; Winger et al.,

2010), time of day, and yearBenog &m Swain, 2003; Hjellvik et al., 2002 ). Standardization of all of these
aspects helps increase confidence that the survey estimates are providing indications of population trends,
and not fluctuation in catch due to other factors. The available survey data for 3LN redfish are from Spanish,
Canadian and Russian research vessel surveys, described in detail below.

SPANISH RV SURVEYS

Temporal coverage

Stratified-random surveys have been conducted inif2. 3N since 1995 as part of the Div. 3NO survey (Fig. 2).
Spanish surveys were initially conducted using the commercial vesselaya de Menduifiavith a Pedreira
bottom trawl. In 2001, the research vesseVizconde de Ezaith a Campeleril800 bottom trawl gear replaced
the Playa de MenduifiaThere was no survey in 2020 due to COVID restrictions; the survey resumed in 2021.
Stratified-random surveys have been conducted in 3L in the summer for years 20@®19 with the Vizconde
de Ezavesselwith a Campelerl800 bottom trawl. The survey was not conducted in 2005 due to problems
with the vessel winch Roman et al., 2019). There was no survey in 2020 and 2021 due to COVID
restrictions.

The seasonal tining of the Spanish survey in 3N has remained relatively constant, ranging between early May
to end of June. Similarly, the 3L survey has typically been conducted between late July and early August,
except in 2003 when the survey occurred in early June (Tés 4 & 5).

Spatial coverage

The stratification of the 3LN Spanish surveys follows the stratification ddoubleday (1981), and covers the
NAFO regulatory area (Fig. 1) outsidéhe 200 nautical mile (nm) limit. For 3N, in 1995 and 1996, the survey
did not cover the deepest strata (Fig. 2). From 1992015, the surveys aimed to perform 120 tows; however
in 2010 only 95 successful tows were completed (Table 4). The number of plannemivs was reduced to 115
after 2015, following a study that examined reducing the number of tows without losing precision in the
survey estimates (Gonzaled roncoso, per. communication). Since its inception, the 3L survey has aimed to
perform 100 tows. Poo coverage in 3L was an issue in 2003 and 2004 (Table 5, Fig. 2).
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Sampling summary

The number of sets is allocated proportionally to the area of a stratum, with a minimum of two tows per
stratum (Doubleday, 1981 ). Thirty minute tows are performed, and as a rule, all tows less than 20 minutes
result in an invalid tow. All catches in a tow are recorded, however in cases when the catch of a species is
excessive (determined by the survey lead), the catch is randomly allamted to boxes, and a subsample of boxes
is selected for processing (see, egazquez et al., 2014, for details). The unselected boxes are discarded, and
the total catches are calculated by extrapolation basexh the number of discarded boxes. Redfish is the
species for which this happens most often.

As arule, all individuals in the catch are measured, except when the catch is especially abundant, as described
above. Redfish are measured to the total lengthy the centimeter below, with length sampling performed
independently by sex (Fig. 8). The target sample size for biological sampling is-80 fish by centimeter (15

20 per sex). The goal of the sampling is to get at least 10 fish for each 1cm length ingdifstratified by fish

length and sex), and continues until the required number is obtained in each length class. Biological sampling
includes round weight, sex, gonad collection, gutted weight and otolith collection.

Weight (o) at length () for each yar is estimated via the allometric relationshipt | & 1™ , with|
and] parameters to estimate using the nodinear least squares approach in R. Separate parameters are
estimated each year, independently of other years (Tables 13 & 14).

Comparative fishing

Comparative fishing experiments for thePlaya de Menduifiavith the Pedreirabottom trawl and the Vizconde
de Ezawith a Campelerbottom trawl were conducted in the spring of 2001, and a series of 92 paired tows
were completed; although, redfish wee only present in 44 of the 90 valid tows Gonzalez-Troncoso et al.,
2010). Conversions coefficients (factor power correction, se€onzéalez-Troncoso et al., 2010) were
calculated in order to covert the mean catch and biomass estimates from tRéaya de Menduifido the
Vizconde de Ezacale, and found that thé°laya de Menduifiavith the Pedreirabottom trawl was
approximately five times more efficient than theVizconde de Ezaith a Campelertrawl (Gonzalez-Troncoso
et al., 2010). Length conversions were also calculated for redfish in 3N using a multiplicative model, with
some concerns notedor conversions at the smallest (11cm) and largest sizes (>37 cm).

CANADIAN FALL AND SPRING RV SURVEYS

Temporal coverage

Transect fixed station surveys were conducted irregularly in the Newfoundland.abrador region since 1958
using the A.T. Camerocommercial side trawler with a Yankee 41.%tter trawl ( McCallum and Walsh,

1996). Stratified-random bottom trawl surveys began on the Grand Bank (3LNO) in 1971, however coverage
was spotty in some strata until the introduction of the Gadus Atlanticavessel with anEngel 164otter trawl in
1977 (Doubleday, 1981). From 1979 onward, theEngel 164trawl was replaced with the smallerEngel 145
otter trawl, to avoid delays causedy the deployment of the larger trawl McCallum and Walsh, 1996). In
1983, theWilfred Templemarvessel with anEngel 145trawl replaced the A.T. Cameron

From 1991 onwards, consistent surveys have occurreith the fall (SepOct 3N; NovDec 3L) and spring (May
June) in Divs. 3LN. In the fall of 1995, th@adus Atlanticavessel was replaced by th&eleost and the change

in vessel was accompanied by a change in survey gear from thegel 145to the Campelen 180 shrimp trawl
(Warren, 1996 ); the change occurred in the spring survey in 1996. Thé/ilfred Templemanwas
decomissioned in 2008, and replaced with the similaAlfred Needleresearch vessel with &Campelen 1800
shrimp trawl, which had been conducting surveys occasionally in Divs. 3LN when there were issues with the
other vessels (see, e.dflealey and Brodie, 2009 ).

The seasonal timing of the fall survey in 3LN occurs typadly between mid-September to midDecember
(Tables 6 & 7), although in some years the survey has overlapped into January of the subsequent year (1995,
2003, 2005, and 2014Rideout et al., 2021 ). Note that the survey in 3L in 1984 was recorded as occurring
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from July 26th-Sept 3rd. The timing of the 3LN spring survey has remained relatively constant, occurring
between early-April and late June (Tables 8 & 9).

There was no fall survey conducted in 3N in 2014 due to mechanical issues, and 2020 in the spring due to
COVID restrictions.

Spatial coverage

Strata down to 1500 m were historically included in the survey design for thautumn survey, while the

spring survey did not cover strata deeper than 732 mRideout et al., 2021). Inthe midwnd Oh ET OET OA 00O«
in 3L (strata 784-800, Healey et al., 2012) were added to the sampling design, however these were

subsequently removed in 2011 due to inconsistencies in survey coverage from 2007 onward (Fig. 4).

Additionally, deep strata (greater than 732m) in the fall 3N surveyRideout et al., 2021 ) were removed from

the survey design in 2011 due to issues with finding feasible deployment sites (Fig. 5).

Survey coverage in 3L for the fall survey for the shallower strata (depth < 367m) has been fairlynsistent

AOT T pwyuv T1TxAOAOh xEOE OI i A Al OAOACA EOOOAOG 11 OAA ET
consistent coverage from 1991 onward has only occurred in strata 72832 (Fig. 3). From 19852014,

coverage of the spring 3L survey for theghallow strata has been relatively constant, with only a few years

where one or two strata were missed (1991, 2008, 2010, 2012). However, survey coverage in 2015, 2017 and

2018 was reduced due to mechanical issues and/or bad weather. For deep strata in 8gging in 3L,

consistent coverage from 1991 onward has only occurred in strata 72832, up until 2015, when survey

coverage was reduced, again due to mechanical issues and/or bad weather (Fig. 4).

Survey coverage in 3N for the fall survey has been relaély consistent from 1993 onward, with the exception
of the deep strata, although these were removed from the survey design from 2011 onward, as previously
discussed (Fig. 5). Similarly, the spring survey coverage has been relatively consistent over tinmesi1991,
with the exception of a few years that have no coverage in one stratum.

Sampling summary

The number of sets is allocated proportionally to the area of a stratum, with a minimum of two tows per
stratum (Doubleday, 1981). As in the Spanish surveys, all catches in a tow are weighed, however in cases
when the catch of redfish is excessive (determined by the survey lead), redfish are randomly allocated to
baskets and a subsample of baskets is selected for procegs The weight of a large catch is then estimated
from the ratio of the number of baskets weighed to the number of baskets caugtliddubleday, 1981 ).

As a rule, all individuals in the catch are measured, except whéme catch is especially abundant, as described
above. Redfish are measured to the fork length, to nearest cm by using a 0.5 cm offset on the board, with
sexed length sampling performed (Figs. 9 & 10). Fish less than 15 cm are measured unsexed. Additional
biological sampling includes lengthbased otolith collection by sex (with round and gutted weight), maturity
with the length frequency (if time permits), and occasionally a specialty collection is obtained (egpnads,
genetics,Doubleday, 1981).

Mean numbers and mean weight per tow are calculated using the ar@eeighted method, whereby the mean
number (or weight) per tow are standardized to a 15 minute tow $mith and Somerton, 1981) by stratum.
The standardized mean number (or weight) per tow are then multiplied by the stratum weight. The total
abundance (mean number) or biomass (mean weight) in a year is the sum of the an@aighted mean number
per tow across the entire samplag region.

Comparative fishing

A comparative fishing experiment was conducted in Jubhugust 1983 in order to develop conversion factors
from the A.T. Cameromwith the Yankee 41.®tter trawl to the Wilfred Templemarvessel with theEngel 145
trawl; however no analysis was possible for redfish since they occurred in so few setSgvaris and Brodie,
1984). In 1995, theGadus Atlanticavessel was replaced by th&eleost and the change in vessel was
accompanied bya change in survey gear from th&ngel 1450 the Campelen 180@hrimp trawl (Warren,
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1996). Pairedtow comparative fishing experiments were conducted, with 247 successful paired tows for
redfish. Conversions of atches at lengths were developed, although issues with conversion factors for the
smallest (<10cm) and largest sizes (>53 cm) were noted\arren, 1996 ).

OTHER AVAILABLE SURVEYS

ADDITIONAL CANADIAN SURVEYS

Prior to the implementation of consistent fall and spring surveys in Div. 3L, surveys were also conducted in
the summer and the winter (Fig. 6). Survey design and sampling followdabubleday (1981), previously
described for the fall and spring surveys, although spatial and temporal coverage was inconsistent. In 1978,
the summer survey was conducted with th&Sadus Atlanticaside trawler with the Engel 164otter trawl.
Subsequentsummer surveys were conducted with theEngel 145otter trawl. Within -stratum coverage varied
in the summer survey, e.gstratum 366 had 11 successful tows in 1984, and only 2 in 19794cKone, 1980).
Similarly, the winter surveys in 3L were conducted with theEngel 145otter trawl, only in years 1985, 1986
and 1990 (NAFO, 1986bh).

RUSSIAN SURVEYS
Spatial and temporal coverage

Fixed-station surveys were conducted in 3LN by Russian stetnawlers from 1972-1982, typically in April,
with the goal of measuring the abundance of all groundfisfSTACREC, 199D The vessels used were the
stern trawlers Persey llifrom 1972-1978, theSuloyin 1979 and 1982,and the Kononovin 1980-1981. All
vessels were similar, and towed the same trawl gear, although no comparative fishing experiments were
conducted. Coverage for this survey was fairly consistent, with approximately 300 sets across Subarea 3.

In 1983, stratified-random surveys began from MarchJuly in Divs. 3LN [Fig. 7], following the standard NAFO
procedures (Doubleday, 1981 ). As in the fixed station surveys, stern trawlers were used to conduct the
surveys until 1990,when they were replaced by large freezer trawlers that used the same trawls as in
previous years Bulatova et al., 1997 ). From 19831990, approximately 500 sets were sampled each year.
Survey coverage and timig was an issue for years 1991994, with the number of successful tows completed
ranging from 85-368 (Table 12). In 1992 and 1994, only Div. 3L was surveyedijlatova et al., 1997 ).
Additionally, in 1985, 1991,1993 and 1994, smaller vessels were used to conduct the surveys (Table 12). In
1995, the Russian surveys were discontinued in 3LN.

The seasonal timing of the Russian survey in 3LN has been fairly consistent, typically occurring between
March and August (Bble 12). Note that in 1977, 1980, 1982, and 1993, the survey began in April, in 1991
spanned from August to January, and in 1992 occurred from October to December.

Sampling summary

From 1972-1982, the catch in each tow was sorted by species and all fiskere measured and counted. In the
case of large catches, a subsample of fish was selected for measurement, typically between 300 and 600
individuals (STACREC, 1990 Fish were measured from the tip of the snout to thend of the caudal fin, and
the total weight of fish of each species in the catch was determined through multiplication of the average
weight (from size frequency) by the number of fish caught. Relative abundance and biomass indices were
taken as the averge number and weight of fish in the catch per hour, derived for each area as the total
number or weight caught in an area, divided by the number of tows, including those with zero catch.

For years 19831995, each stratum was typically allocated three setsyhen time permitted, larger strata

were allocated additional sets. The towing time was reduced from 1 hour to 30 minutes in 1984, to allow time
for additional sets (STACREC, 199D Note that tows in this time periodthat were shorter or longer than the
acceptable time were not rejected, but extrapolations were made to calculate the catch which could have been
taken per a tow time unit. From 19831985, the sampling methods were identical to the methods discussed

for the previous years. From 1985 onward, samples were collected for aging and-26 individuals were
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selected from each size group to be aged. Relative abundance and biomass were estimated using the standard
NAFO methods previously discussed.

FISHERYDEPENDENT DATA

#1 11 AOAEAT AEZEOEAOU AAOA EAOA AAAT AT 11 AAOAA &£ O OEA .1,
published in statisticgl bulletins since 1951 https://wgv w.nafo.int/Lit;rary/Science —CouAnciI/Stgtisti(A:aI - A
Bullein qn AAOA xAOA 11 O6AA OI AECEOAI &£ O0i A0 ET OEA 1 AOA wr

submitted to the Secretariat. The most recent STATLANT21B (catch and effort) data available are updated to

the present day bttps://www.nafo.int/Data 8 )1 OEA AAOI U pwyndOh ABOOAI A AEC
reported by some member countries and those estimated from surveillance data were noted, and catch

estimates (STACFIS) from the Scientific Council started being used in addition to, or in place of, STATLANT 21

reported catches Brodie, 20138 & OT I OEA 1 AOA pwynd® O OEA AAOI U ¢mnmr
detailing decisions made in terms of catch estimation. In many cases the data were considered confidential

and brought to meetings by scientists who may have had special arrangements with fishing fleets to keep

such data confidential. However, although thiprocess made many assumptions, Scientific Council considered

the STACFIS estimates more reliable than those based on the STATLANT 21 reported catch (D. Power, per.
communication).

After 2001, an ad hoc group was convened in order to reduce the discussiamé surrounding catch
estimates at the June Scientific Council meetingBrodie, 2013 ). As in previous years, very little was
documented due to confidentiality issues. In the early 2010s, no observer data were dadble, and as such,
estimates other than STATLANT 21 data were unavailable. The lack of a consistent method to estimate catch
initiated a review of the Scientific Council catch estimation procedure, and instigated a peer review expert
panel composed of repesentatives of Scientific Council scientists and Fisheries Commission managers
(NAFO, 2013). This working group has evolved over the years, from the Joint Commissi@tientific Council
Catch Data Advisory Group (BAG, e.gNAFO, 2017) to the Catch Estimation Strategy Advisory Group
(CESAG, e.dNAFO, 2021b), and data submitted to NAFO has now greatly increased in scopdRAG, 2019).
As in 2001, the Working Group provides Scientific Council with catch estimates in advance of the annual
assessment meetings in June.

Although the types of data available to estimate catch have varied over time, recent primary daypés

include port inspection reports (collected by inspectors at vessel landings sites), daily catch reports
(transmitted electronically from vessels at sea), logbook tovby-tow catch reports (physical logbooks that
record the amount caught by species eadime the gear is deployed), and observer reports (similar to tow
by-tow catch reports, but recorded by independent observersVIRAG, 2019). Most recent catch estimates are
based on the CESAG method, which lists port ingg@n reports and daily catch reports as the most reliable
data sources NAFO, 2017). Equivalent live weights from port reports, plus discarded weights from daily
catch reports are used to estimate catch when the data aseailable. Further guidance is given for trips
where there are no available port inspection reports NAFO, 2017).

REPORTED CATCH

'l OET OGE OOAOEOOEAAI AOI 1 AOCET O AQEOO A&indddisaghiagmEOE OET AA
by NAFO divisions until 1953. The data from years 1953958 are not included in the STATLANT 21

database; to the best of our knowledge, this decision does not appear to be based on the quality of the data,

but based on the SC decisiomi1990 to revisit 30 years of time series dataNAFO, 1991). In almost all cases,

the STACFIS catch estimates for 3LN redfish are larger than the STATLANT 21 reported catches, most notably

AOT I OEA 1ARAl Pougpabd®dOij &QEC8 ccqs (EOOI OEAAI AEAEAOAT A,
estimates of note include years 196 wouv h xEAOA AAOA OEAO xAOA POAOGEI 601 U
were portioned by division (NAFO,1986a), and 19871994, which include estimates of unreported catches.

4eA AAOI EAOO OADPT OOAA AAOAEAO AAGCET AO t100¢ h A

0 ) ET A
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Catch estimates reach atime serieshCE | £ xuvnnnO ET OEA 1 AOA pwyndOh OOAO!
following the implementation of a moratorium (detailed below). Catches have been steadily rising since the

AAOIT U ¢mpnéO AT A AOA 11 00 OAAAT OI U APDPOI GEI AGAT U prmmmm
Total allowable catch TAC) was first implemented in 1974 at 28 000t, and ranged between 16 000t and 25

000t until 1990. TAC reached a low of 11 000t in 1997, whereby a moratorium was declared from 192810.

The commercial fishery was reopened in 2009, with TAC set at 3 500chTAC has been steadily increasing
since, with the final TAC set in 2021 at 18 100t.

For redfish in 3LN, the earliest reported STATLANT 21A catch statistics (Fig. 23) indicate that the catch was

taken primarily from non-Canadian landings in the first yeas of available data, with the Canadian share

larger in 3N than in 3L. From 19661974, redfish catches in both 3L and 3N were predominately taken by

international fleets. In 1977, a 200 nm Canadian exclusive economic zone was declared, which reduced access

of non-Canadian vessels to only the nose and tail of the Grand Bank. As such, catches in 3L were primarily

from Canadian fleets from 19751992, although the 3N catch remained predominently taken by international

fleets. Catches in both divisions peaked ®EA 1 AOA pwwnd Oh AT A £AI 1T AAGOPOI U A
opened for commercial fishing in 2009, with catches steadily increasing in both 3L and 3N since; catches in 3L

were mostly from Canadian fleets, while catches in 3N were mostly from inteational fleets.

LENGTH COMPOSITION

Sampling of the commercial catch for length has been conducted for 3LN redfish by the Canadian, Estonian,
Portuguese, Spanish and Russian fleets, with varying spatial and temporal coverage (Figs. 19 & 20). Note that
in some cases available length data were recorded under species nam8&s iharinus, S. mentella, S. fascigfus
however for this document they have been grouped generally as beaked redfish, since the reliability of the
species identification is unknown (3LN redish group, per. communication).

Sampling of the commercial fleets for redfish in 3LN has been most consistent over time from the Portuguese
fleets. Portuguese fleets were mainly composed of otter trawls, with some gillnets, although sampling for
length composition has only been from trawfleets. Historically, samples were collected at sea, before the
discarding of undersized fish; more recent data were obtained at sea by scientific observers (eMgrgas et

al., 2021). Available data from the trawlfishery begins in 1982 (ourdres and Godinho, 1983 ), although
AAOA OADPI OOET ¢ EO Ol i AxEAO PAOAEU O1 OEl OEA AAOI U wmnd O
species §. marinus, S. mente)laalthough in amost all years the catch was predominantlys. mentella

(Godinho et al., 1991). There was no directed fishery for redfish in 3LN from 1998009, and the length
composition data were derived from bycatch, most commonlyin the Greenland halibut fishery Alpoim et

al., 1998). Note that the Greenland halibut fishery is a deep sea fishery, and more likely to tar@etmentella
than S. marinusS. marinuswvere typically found in small portions of the catches in 3N. Length sampling from
2011 onward are from directed trawl fisheries for redfish.

Russian commercial length sampling data are available as far back as 1979, however the available data
consist mainly of length frequencies from exmiratory otter trawl catches, and may not be representative of
the sizes retained by the fishery Konstantinov, 1980 ). As such, the length composition data considered in
this document begin in 1999, where the data arelearly labeled as from the commercial fleets. No
information is given on whether the length composition data represent discarding before or after removal of
undersized fish (e.g.Rikhter and Sigaev, 2001 ). From 199-2003, the length composition data were mainly
from bycatch in the Greenland halibut fishery, and were not divided by species (e $igaev et al., 2000).
From 2004 until 2009, the data were again from bycatch, wht sporadic division by species$. fasciatus, S.
mentella, Skryabin and Pochtar, 2010 ). Directed fishing for redfish in 3LN resumed in 2010Konstantinov,
2011).

LengthcomposiEl T AAOA A£O0T 1 OEA #AlT AAEAT &£l ARG, 1969A AOAEI AAIT A
although the data were somewhat spotty in 3L until 1975. Length composition data were collected from
landed samples, and not divided by sgries, although whether the samples were collected before or after
discarding of small fish has varied throughout the years (see, e fENAF, 1962 1966). After 1991, there are
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little data available from the Canadian fleets, and sample sizes are quite small, with trends in length
compositions differing from other countries (Figs. 19 & 20).

Some shorter time series of length composition data are available, including historical US, and moreenat

data from Estonian and Spanish fleets. For all countries, length composition data were not divided by species;
additionally, the Spanish data aggregate Divs. 3L and 3N (Fig. 21). The available US data were from otter trawl
fleets, collected in the ediest years, most consistently in 3N, during a time period where the US was one of

the more important fleets. For the US data, it was not specified whether the length composition data

represent discarding before or after the removal of undersized fish (e.dCNAF, 1961). The available

Estonian length data begins in 2008, and are sampled from trawl fleetSi¢p and Saat, 2009). Prior to 2010,

the Estonian length composition data were fronby-catch in the Greenland halibut and skate directed

fisheries (Sirp and Saat, 2009). Subsequent samples were from directed fleets for redfish (e.&irp and

Torra, 2013 ). In all cases, there were no discussions on whether the samples represented the length
distribution before or after the discarding of undersized fish. Similarly, the Spanish length composition data
bACET ET OEA AAOI U ¢mnnndédOh AT A xAOA AT 11 AAGAA EOT I
bycatch in the Greenland halibut fishery (e.gGonzalez et al., 2007), with later samples from the directed
redfish fishery in 3LN (e.g.Gonzélez et al., 2016). The samples were collected before discarding of small fish
(F. GonzalezCostas, personal communication).

O
(@4
>
X

EFFORT

Monthly catch and effort data from 19602018 commercial fleet are available from the STATLANT 21B
database bttps://www.nafo.int/Data/Catch  -Statistics -STATLANT-21B). Effort data are recorded both as
number of hours fished, and total days fised. As has been the standard practice (e.Bower, 1997), the data
considered are from catches where redfish comprised > 50% of the catch. For brevity plots of hours fished
are shown below. The fishery for 3LN redfish wa closed to directed fishing from 19982009, and as such,
there are no available data in those years. The historic (1960995) and recent (1996-2018) data are
presented separately.

In the earliest years of the available data, effort in hours fished, in HoDivisions 3L and 3N, was mostly due

to bottom otter trawls, although the type of trawl (stern or side) was typically not specified (Fig. 24). From
themidp wx 6O 11T xAOAh [ EAxAOAO OOAOT OOAx1 O Al O AT 1 OOEAOC
year. Midwater trawls provided little contribution to fishing effort in recent years (Fig. 25), with most of the

effort due to nonspecified bottom trawls. In some years, all reported effort in a month (e.g., 3L July 2016; 3N

April 2016) were from chartered bottom otter trawls.

In the historic period, the vessels tonnage class has varied more in 3L than in 3N (Fig. 26). In the earliest

years of available data, the effort in 3N was due mostly to vessels of 1809.9 tonnage class. From the early

p wx 18 Ad, Vebselsigreater than 2000 tonnage class contributed the largest share of the effort in most

I TTOEOG AT A UAAOOh Al OET OCE OEAOA xAOA Oi i1 A Nb@BAPOET T O
1991). In 3L, there has been no predominant tonnagdass over time, although the largest share of the effort

was from vessels of greater than 500 tonnage class. For both Divs. 3L and 3N in recent years, the majority of

the effort by month and year was due to vessels with greater than 1000 tonnage classhaugh there were

some exceptions, mostly notably in April 2018 in 3L (Fig. 27).

CPUE

Estimates of catch per unit effort (CPUE), measured in days or hours, have often been used in 3LN redfish
assessments, as a potential indicator of historic trends in thetock (e.g.Avila de Melo et al., 2020). Prior to
the moratorium, fleet specific catch and effort data were fit to a multiplicative model (i.@eneralized linear
model, Gavaris, 1980), standardized by NAFO division, month, countrgear-tonnage indicator, and the
proportion of bycatch associated with each observation, treated as a factd?@¢wer, 1997 ). The analysis
removed any catch or effort éta less than 10 units, and any NAFO division, month, countgeartonnage, and
bycatch proportion groups that contained fewer than five samples. When analysing days fished, catch less
than 10 tons or effort less than 5 days were eliminated. The analysisaa run separately for Divs. 3L and 3N.

Northwest Atlantic FisheriesOrganization www.nafo.int
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Overall, it was concluded that results from the multiplicative model could not be considered reflective of
changes in year to year population abundance (Fig. 28), but could be indicative of long terms tren&ewer,
1997, and references therein). Note that effort is shown in hours fished, but data are also available for days
fished. The multiplicative model has not been updated since the closure of the fishery, and although directed
fishing has since resumed for redfish in 3LN, there may have been changes in technology and fleet
composition since the reopening. As such, extending the time series may not be appropriate (3LN redfish
group, per. communication), although treating the recentlata as a new time series could be a feasible future
approach.

OTHER COMMERCIAL DATA

Note that additional data sources were discovered throughout the data review, although raw data and/or

reporting were not available. These include: mention of Portuguede OT 1| EOEO ET LéGuedfes gmdopmmd O | A
Godinho, 1983), a Russian aging program (e.d<onstantinov, 1980 ), and some Spanish data prior to 2007,

although the reporting was incorsistent (e.g.Junquera et al., 2001).

DATA EXPLORATION
ALL SURVEY COVERAGE

We consider both the acrosssurvey coverage (i.ewere surveys covering the same strata over space and

time), and where redfish were commonly caght, in order to better understand the spatiotemporal overlap of

all surveys (Canadian fall, spring, summer, winter, Spanish and Russian). In general, all available surveys in

3L appeared to catch redfish in similar strata over space and time (Figs. 29 &)3and in most cases areas

where there was a lack of acrossurvey coverage (e.gsummer and winter surveys strata 391,395), the catch

I £ OAAEEOE xAO OUDPEAAIIT U (1 ETEI Al 8 ! AAEOGETITAI T UR OAAZEEO
that were poorly sampled in the fall and spring surveys (Fig. 30). Similarly, in 3N, most surveys appeared to

catch redfish in the same general strata, and in most cases lack of acreasvey coverage occurred in strata

where redfish were not typically caught (Fig. 3).An exception occurred in the early years of the Spanish

survey, where there were some redfish catches in the deeper strata.

LENGTH COMPOSITIONS

Standardized proportion at length and year (SPLY) plots are also considered, in order to betterderstand
the length composition of 3LN redfish caught from the survey and the commercial catches. SPLY plots are
useful for visualizing cohorts tracking through the catch. Unlike standard ageased (SPAY) plots, a cohort
tracking through a SPLY plot wilreach an asymptotic length, and trends in SPLY plots will more closely
resemble a von Bertanlaffy growth curve than a linear line.

For the commercial data in 3L, there were some suggestions of cohorts tracking through in the recent years
(2010-2020) for Russia, Portugal and Estonia (Figs. 32 & 33), with lengths plateauing at approximately-30
35cm. A similar trend was seen for the recent fall and spring surveys in 3L (Fig. 34). Overall, in 3N, the recent
cohorts tracking through the commercial SPLY plots qgeared to reach an asymptotic length that was smaller
than in 3L, with the Russian and Estonian lengths reaching a plateau at around 25 cm (Figs. 35 & 36). A
similar trend was seen in the fall and spring survey SPLY plots in the most recent years, agaithwmaximum
length appearing at approximately 25cm (Fig. 37). Similarly, for the Spanish survey SPLY plots, the most
recent cohort tracking through in 3N appeared to plateau at approx. 25cm, versus closer to 30 cm in 3L (Fig.
39).

FINAL COMMENTS

This data review provided an updated look at the available commercial and survey data for 3LN redfish, as a
first step in revisiting a management strategy evaluation for the stock. An overview of the available data are

Northwest Atlantic FisheriesOrganization www.nafo.int
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summarized in Table 1, with detailed summary takes for the survey coverage and catch estimates given in
Tables 2 & 3.

The preliminary data exploration gave an overview of the spatiotemporal coverage of the available survey
data. Overall, lack of acrossurvey coverage occurred most often in areas whemedfish were not regularly
caught. However, within survey coverage has been an issue for many of the surveys, and how to handle
incomplete strata needs careful consideration if a spatialbaggregated index is expected to be used in future
work (e.g.,Rideout and Wheeland, 2019 ). Additionally, the initial data exploration provided some evidence
that commercial and survey catches in 3L were targeting redfish of a different size than in 3N. This is an
important consideration, and one that cannot currently be accounted for in the ASPIC framework approach
(e.g.Avila de Melo et al., 2020), since surplus production models cannot incorporate any information on the
size-structure of the stock.
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Figure 8.  Survey length frequencies from Spanish Campelen research vessel surveys for Divs. 3L (left) and
3N (right) redfish. Note data are aggregated by sex.
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Figure 11. Distribution (kg per tow) of redfish from Canadian fall surveys in Divs. 3LN.
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Figure 12. Distribution (kg per tow) of redfish from Canadian spring surveys in Divs. 3LN.
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Figure 13. Distribution (num per tow) of redfish from Canadian fall surveys in Divs. 3LN.
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Figure 14. Distribution (num per tow) of redfish from Canadian spring surveys in Divs. 3LN.
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Figure 15. Distribution (num per tow) of redfish <15cm from Canadian fall surveys in Bis. 3LN.
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Figure 16. Distribution (num per tow) of redfish <15cm from Canadian spring surveys in Divs. 3LN.
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Figure 17. Distribution (num per tow) of redfish of 15-19 cm from Canadian fall surveys in Divs. 3LN.
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Figure 18. Distribution (num per tow) of redfish of 15-19 cm from Canadian spring surveys in Divs. 3LN.
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Figure 19. Length frequencies from commercial fishery sampling by country and year for redfish in Div. 3L.
The numbers before the colon represent the number of samples collected, and the number after
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is the number of fish sampled in that year (e.g., 2:586 represents two samples with 586 fish

measured for length). When there is no colon or a 0, no sample size information was available.

Note that lengths are pooled by species.
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Figure 20. Length frequencies fom commercial fishery sampling by country and year for redfish in Div. 3N.
The numbers before the colon represent the number of samples collected, and the number after
is the number of fish sampled in that year (e.g., 2:586 represents two samples with 58&h
measured for length). When there is no colon or a 0, no sample size information was available.
Note that lengths are pooled by species.
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Figure 21. Length frequencies from Spanish commercial fishery sampling for redfish in Div. 3LN. The
numbers beforethe colon represent the number of samples collected, and the number after is the
number of fish sampled in that year (e.g., 2:586 represents two samples with 586 fish measured
for length). Note that lengths are pooled by species.
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Figure 22. STATLANT 21 repaed catch (pink) and STACFIS estimated catches (blue) for 3LN redfish. The
crosses are total allowable catch in that year (TAC). See Table 3 for notes on differences in the
STATLANT 21 statistics and STACFIS estimates.
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