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Abstract

This report pertains to the assessment of the northern component of th&orthern shortfin squid (lllex
illecebrosug stock, in Subareas 3+4, which is managed by the Northwest Fisheries Organization (NAFO)
However, researchsurvey biomassindices and catchdata for the southern stock component in Subareas 5+6
which is managed by the United States of America, are alscepented because the species is considered to
constitute a single stock throughout its rangan Subareas 26. Two general levels of productivity have been
identified for the Subareas 3+4 stock componerttased on trends inrelative biomass indices and squidnean
body weights derived from the Canadianbottom trawl surveys conducted during July in Division 4VWX
(Rivard et al., 1998; Hendrickson,1999). A period of high productivity (1976-1981) occurred between two
low productivity periods (1970-1975 and 19822014). During the high productivity period, relative biomass
indices averaged 13.2 kg per tow and squid mean body weights averaged 15M@gring the 1982-2014 low
productivity period, relative biomass indices averaged 2.8 kg peow and squid mean body weightsaveraged
80 g.Mean body weight decreased from ¢ow productivity period high of 137 g in 2006 to 42 g ir2013 but
was aboveaverage during 20062015, with the exception of 2013 and was % g in 2015. Relative biomass
indices generally declined after 2004 and were below the low productivity period averageduring 2010-2014.
During 2015, the biomass indexwvas the third lowest value in the time series (0.2 kg per tow).Trends in the
biomass indices forfall bottom trawl surveys conducted in Division 4Tand Subarea 5+6 wee compared with
those for Division 4VWX because all three time series are correlated, as are the mean body weights for the
Subareas 5+6 and Division 4VWX surveySincel999, there has een no directed fishery in Subarea 4 and the
majority of catches from Subareas 3+4during 2000-2011, were from the Subarea 3inshore jig fishery. Jdg
fishery catcheshave beenwell below the 1982-2014 average (205 t)since 2007 and there were no catchesfo
squid during 2013-2015. Relative fishing mortality indices in Subareas 3+4were generally well below the
average for the low productivity period during 2001-2015. Based on these trends, the Subareas 3+4 stock
component remained in astate of lowproductivity during 2015.

1.0 Introduction

Northern shortfin squid (lllex illecebrosu} is a species with a lifespan ofess thanone year (Dawe and Beck,
1997; Hendrickson, 2004) The populationis considered to constitute a unit stock throghout its rangein the
Northwest Atlantic Ocean, fromSouthern Labradorto Florida (Dawe and Hendrickson, 1998)Although the
resource is continuously distributed between Cape Hatteras, North Carolina arnidshore Newfoundland
during summer through autumn,the population is considered for management purposes teonsist of two
stock components. Thenorthern stock component (Subareas 3+4)is managed by the Norwest Atlantic
Fisheries Organization(NAFQ formerly the International Commission for Northwest Atlanic Fisheries or
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ICNAF)and includes the Northern shortfin squid resource located within the 200-mile Exclusive Economic
Zone (EEZ)of Canadawhich surrounds most of Newfoundland, and international watersi 1 OEA OOAEI 6
O1 1 OfAhe Grank Bank andon the Flemish Capin Division 3M (Subarea 3 Fig. 3. The northern stock
componert also includes squidfrom the Scotian ShelfBay of Fundy, andulf of St. Lawence (Subarea 4) The
southern stock component(Subareas 5+ includes Northern shortfin squid resource locatedwithin the 200-
Exclusize Economic Zonef the East Coast of theUSA from the Gulf of Maine toCape Hatteras, North
Carolina, and international waters shown in Fig. 1 Fishery andresearchsurvey dataare presented herein for
both stock componentspecause of their relationship to one another as a unit stockowever, the focus of the
subject assessmentis the northern stock component Details about the fisheries that occur in each Subarea
area and themanagement of the resource is described in Arkhipkin et al. (201%)nd details aboutthe habitat
and life history of the species are described itdendrickson and Holmes (2004)

The onset and duration of the fisheries in each Subarea generally reflect thiening of squid migrations
through eachfishing area. Subarea 3 catches are primarily from a smalboat jig fishery that occurs inthe
shallow, nearshore waters of Newfoundland. During 1982001, Northern shortfin squid were harvested
from Subarea 4 by aninternational, mixed-species bottom trawl fishery for silver hake (Merluccius
bilinearis), I. illecebrosusand argentine (Argentina sp.) that occurred on the Scotian Shelf (Hendricksoet al.,
2002). International fleets, comprisng midwater and bottom trawlers, begandirected fisheries for Northern
shortfin squid in Subareas 5+@n 1967 (Lange and Sissenwingl980). Since 1987 catches from Subareas 5+6
have beensolely from a USA bottom trawl fishery that occurs along the edge of the continental shelf in the
Mid-Atlantic Bight (NEFSC1999).

Management ofNorthern shortfin squid stock (Subareas 36) began with the establishment of a preemptive
Total Allowable Catch (TAC)of 71,000 t, by ICNAF during 1974-1975 for |I. illecebrosusand Doryteuthis
(Amerigo) pealeii (formerly Loligo pealei) combined. During 1975-1979, Northern shortfin squid catches
increased rapidly with the development ofan international offshore fishery and increased catches in the
inshore jig fisheryin Subarea 3(Dawe, 1981)and international offshore fisheries in Subarea 4(Amaratunga

et al, 1978). During 1976-1979, TACs forNorthern shortfin squid were increasedfrom 25 000 to 120 000 t,
respectively,each time the TAGwere exceeded (Langel978; Table 1).Despite arapid decline in the catches
from both Subarea 3 and Subarea dfter a 1979 peak catch of 162 092 t, which was followed by eollapse of

the northern stock componentin 1983, aTAC of 150000 t remained in place for Subareas 3+4during 1980-
1998. The TAC was reduced to 7800 t in 1999, andsince 2000, the TACGas been 34000 t. The 34,000-t TAC

is a proxy for F;, that representthe maximumpotential yield which the northern stock component may be able to
sustan under the current low productivity reginRivard et al., 1998).However,this proxydoes not account for
the effects oenvironmental conditions osquidyield and assumes that the high relative fishing mortality indices
that occurred durind9761981 (which were followed by a rapid decline in the Div. 4VWX biomass indiaes)
appropriate fothe current low productivity regime

The Subareas 5+&tock componenthas been managedn the USAby the Mid-Atlantic Fishery Management
Council since 1977based on a Fishery Management Plaand annual fishery specifications The southern
stock component is not assessed annualfpuring 1978-1995, the TACfor Subareas 5+68vas set at30 000 t
based onthe results of a yeld-per-recruit model. After 1995, TACdor Subareas 5+6consisted ofthe catches
associated with either MSY¥Y-based biological reference points or proxies thereof (e.g., %MSP) and were
computed using several differentypes ofstock assessment modelsThe TAC was24 000 t during 2000-2010,
23328 t during 2011, 22 915 t during 20122014 and 22 445 t during 2015 The TACs for Subareas 5+6 were
exceeded duringl998 and 2004 (Table 1).

During 2002-2006, the Subareas 3+4 stock componentvas assessedby the NAFO Scientific Council every
other year instead of annually.There was no Designated Expert available to conduct the assessments during
2007-2009. Therefore, the Scientific Council usettends in the nominal catchdata from SA 3+4 and the Div.
4VWX survey indices during2006-2008 to assess stok status.The most recent assessment was conductexy
the Designated Expert in 2013 (Hendrickson and Showell, 20}&nd interim monitoring reports were used

to assess the 203 and 2014 stock status.The subject assessmentprovides anevaluation of the statis of the
Subareas 3+4stock component based on trends in commercial fishery data, research survendices, and
relative fishing mortality indices through 2015.



2.0 Materials and Methods
21 Commercial Fishery Data

All catches presented hereinrepresent nominal catches. @tches have been recorded from the Subarea 3
fishery since 1911 (Dawe, 1981) and from the Subarea 4 fishery since 1920 (ICNAF, 19T3)ring the early
pwxmdOh [ 1 éportell théirl pAod Eghidcatchesto ICNAF by speciesbut those that did not do so
were prorated for Subareas 5+6 based on the squid catch composition of countries that did repdhteir
catchesby squid species (Lange and Sissenwin®980). Squid catches from Subareas 5+6wnere not recorded
by species priorto 1978, and instead, representprorated estimates (Lange and Sissenwingl980). Nominal
catchesare presented for 19532015 from Subarea 3 and Subarea dnd for 1963-2015 from Subareas 5+6.
Catch data for the three most recent years of each time serieseaconsidered preliminary and were updated
as needed

Catches from Subarea 3 include Canadian catches from the Fishery Statistics Division ef tewfoundland
Region of the Canada Department of Fisheries and Oceaffzarl Dawe, DFO, pers. comm.) and catches
reported in the NAFOSTATLANT 21 Databaséor the international squid fleets. Subarea 4 catch datavere
obtained from the MARFIS Database, magined by the DFO Maritimes Region), which contains catches by
Canadian vessels and istrnational vessels with Canadian catch allocation®uring 1987-1998, the Subarea 4
catches also includd the kept fraction of Northern shortfin squid catchesfrom the international mixed-
speciesfishery for silver hake, I. illecebrosusand argentine These atches were obtained from theDFO
Observer Program Databaseluring a period of 100% observer coverage of internationalfisheries and are
considered highly accurate becausehe catch data were collected on a towby-tow basis (Showell and
Fanning, 199). Since 1999, éreign-flagged vesselshave not beenlicensed to fish on the Scotian Shelf.
Catches fom Subareas 5+6were obtained from the Commercial FisheriesDatabase maintained by the
Northeast Fisheries Science CentéNEFSC) of the & National Marine Fisheries Service

2.2 Research Survey Data

Fishery-independent indices of relative abundance and biomass were derivefdr Northern shortfin squid
using data from stratified, randommulti -species bottom trawl surveysconducted in Subarea3 and Subarea 4
All of the surveys incorporated stratified-random sampling designs with stratification based on depth
Surveys have beenconducted by CA DFO: in Div. 3LNO duringthe fall (mainly during Octdber-December;
since 1995 and spring (mainly during May-June since 1996); in Div. 4T (southern Gulf of St. Lawrence)
during September §ince1971); and in Div. 4VWX (Scotian SheHlnd Bay of Fundy during July (since 1970).
Minimum biomass and abundancesstimates were also derived using areaswept data from bottom trawl
surveys conductedby the EUSpain/Portugal in Div. 3M (Flemish Cap)primarily during July (since 1988).

Relative abundance and biomass indices were derived for the southern stock component using détam

bottom trawl surveys conductedby the NEFShetween Cape Hatteas, North Carolina and the Gulf of Maing
mainly during SeptemberOctober(since 1967). Sampling during all surveys was conducted arounethe-clock
with the exception ofthe Div. 3M surveys and the 19741984 Div. 4T surveyswhich were conducted solely
during the daytime.

2.2.1 Subarea 3

Relative abundance and biomass indicesere derived for the spring (1996-2015) and fall (1995-2015) DFO
bottom trawl surveys conducted in Div. 3LNQusing datafrom the strata within which Northern shortfin
squid were consistently caught (Hendrickson, 2006). Although the spring and fall surveys were also
conducted prior to 1995, catches ofl. illecebrosusvere not consistently quantified (Earl Dawe,CA DFO, pers.
comm.). The strata set used to compute the springurvey indices included 328-337, 340, 344, 351358, 361,
385-386, 392, 717722, 724727, 730, 734736, 761,765, 769, 771, 773, 775, 784, 786, 789, 790, 7923 and
800, spanning adepth range of34-726 m (Fig. 2). The strata set used to compute the fakurvey indices
included: 332-337, 345, 348, 355360, 364-366, 368-370, 374, 376383, 385392, 712, 717718, 720-733,
735-736. Not all strata were common to both surveys, in part, becae additional deepwater strah were



sampled solely during autumn surveyqBrodie, 2005). Survey sampling designs and protocols are provided
in Doubleday (1981). Since 1995, a Campeleh800 shrimp trawl has been used to conduct both surveys, but
various survey vessels have been utilizedhe Div. 3LNOspring surveyswere conducted by the CCGW®/ilfred
Templemanduring 1996-2008, but have since been conducted by th€CGSAlfred Needler (Healey et al,
2012) x EEAE AOA OmuEng ®A83r608, e B GLNOfall surveys were conducted bythe CCGS
Wilfred Templemanwhich sampled stations at depths of 8-731 m, and the CCGSeleost which sampledthe
deeper stations @epths of 732-1,460 m) as well assome of the shallow stations. A third vessel, the CCGS
Alfred Needleralso sampled some of the fall survey stations during 1996, 2001, 2005 and 2008. Since 2008,
the fall surveys in Div. 3LNO haveaolely been conducted by the CCGASfred Needlerand the CCGSeleost
(Healey et al, 2012). The multiple ships used to conduct each of the surveys were assumed to have similar
catchabilities.

Survey indices werealso derived using data frombottom trawl surveys conducted by the EUSpain/Portugal
on the Flemish Cap in Div. 3MSurvey design and sampling protocols are described azquez (2010) and
Vazquez et al. (2013)Srata 1-19 (depths of 120-730 m) were sampledduring 1988-2003 and strata 1-25
and 28-34 (depths of 730-1 460 m) were sampledfrom 2004 onward (Fig. 3). All surveys were conducted
during the daytime (0600-2200) and occurredprimarily during July, but some samplingalso occurredduring
June ALofoten bottom trawl was consistently used to conduct the sureyswith a codend mesh sizef 35 mm
during most years (exceptions were codend mesh sizes of 40 mm in 1994, 25 mm in 1998 and 30 mm in
1999; Vazquez, 2010). Differenvesselshave also been usedto conduct the survey During 1988 and 1991
2002, the surveys were conducted with theR/V Cornide de Saavedrabut two different vessels were used
during 1989 and 1990 The R/V Cornide de Saavedraas replaced bythe R/V Vizconde de Ezan 2003 and
has been used since the(Vazquez 2010). Indices used in the assessmerihcluded swept-area estimates of
minimum abundance and biomassderived for 1988-2015 with data from strata 1-19. Minimum biomass and
abundance estimates for 20042015 were also derived using datavhich included strata deeper than730 m
(strata 1-25 and 2834) and these indices were compared to th indices from strata 1-19. Data from
comparative fishing trials, conducted during 2003 and 2004 were used to estimate new vessel conversion
factors for the 19882002 biomass and abundance indices3onzalezTroncoso, 2016).

2.2.2 Subarea 4

Relative abundance and biomass indices for Div. 4VWX were deriyefdr 1970-2015, using survey catches
from strata 440-495, encompassinga depth range ofabout 50-400 m on the Scotian ®elf and Bay of Fundy
(Fig.4A). The survey design, gear characteristicsand sampling protocols are provided inHalliday and Koeller

(1981). The surveys were conducted by the R\VA.T. Cameroywith a Yankee 36 bottom trawl,during 1970-

1981. AWestern IIA bottom trawl has been used to conduct the surveys since 198aut with several dfferent

vessels including: the RV Lady Hammond(1982); CCGAlfred Needler(1983-2003 and 2005-2015) and the

CCGSTeleost(2004; (Clark and Emberley, 201)). There are no gear or vessel conversiofactors available

with which to standardize thel. illecebrosussurvey indices prior to 2004 (Fanning, 1985). However, during

July of 2005,a comparative fishing study was conducted with theCCG®\lfred Needlerand the CCGJeleost

For Northern shortfin squid, Fowler and Showell(2009) found that the catchabilities of thetwo vessels were

not significantly differentatan; 1 AOAi(p=l0.@85mn8 mu

Relative abundance and biomass indices for Div. 4T wederived, for 1971-2015, using data from all survey
strata (Fig. 4B), encompassing alepth range of 26274 m in the southern Gulf of St. LawrenceThe sampling
design, gear characteristics,and survey sampling protocols are provided in Halliday and Koeller (1981).
Vessel changes during the Div. 4T surveyncluded use ofthe CCGSVilfred Templemanduring 2003 and the
CCGS\eedlerand CCGSeleostduring 2004 and 2005 (HuguesBenoit, CADFQ pers. comm.)The survey has
been conducted solely with theCCGSTeleostsince 2006 During 2003, there was also a reduction in the
number of strata sampled The Div. 4T survey indices wereadjusted for diel and vessel catchability
differencesfor 1985-2002 (Benoitand Swain 2003) and for vessel catchability difference during 2004-2005
(Benoit, 2006). There were no data available to adjust the 2003 indices for vessel catchability differences and
not enough data avdiable to determine whether there was a significant diel effect between the CCA®leost
and the CCGSeedler(HuguesBenoit, CADFQ pers. comm.)



2.2.3 Subareas 5+6

Relative abundance and biomasmdices were derived for Subareas 5+6using data from all offshoresurvey

strata (depths of 27-366 m) located between the Gulf of Maine and Cape Hatterddorth Carolina, with the

exception of strata 31-33 because thee stratawere not consistently sampled(Fig 5). Surveydesign and
sampling protocols are described inAzarovitz (1981). Indices were adjusted for survey gear and vessel
catchability differences that occurred during 1967-2008 (NEFSC 1999). Indices for 2009 onward were

adjusted for catchability differences between theRV Albatross IVand its replacement vesselthe FSV Henry B.
Bigelow. Theapplied vessel calibration factors werel.38 for numbers per tow and 1.41 for weight per tow

indices (Miller et al., 2010).

2.3 Fishing Mortality

Relative fishing mortality indices for Subareas 3+4were computed, for 1970-2015, by dividing the annual
catches from Subareas 3+4 (in tonspy the annual biomass indices from the July Div. 4VWX survey@sn
kg/tow) then dividing the result by 10000 to scale the values

3.0 Results and Discussion
3.1 Catches
3.1.2 Subareas 3+4

Catches inSubareas 3+4 increased during the 1970s and reached a peak of 162,092 t in 1979 (Table 1,6¥ig.
During 1976-1981, total catches (Subareas-8) were dominated by those from Subareas 3+4; averaging
80,645 t in Subareas 3+4 and 19,661 t in Subareas 5+@llBwing the 1979 peak, Subareas 3+4 catches
declined rapidly and the Subareas 3+4 fishery collapsed in 1983. Catches in Subareas 3+4 totdésd than
1,000 t during 1983-1988 (Fig. 6). During 1997, Subareas 3+4 catches (15,614 t) reached their highestéé
since 1981 and were primarily from the Subarea 3 inshore jig fishery (12,748 t). During 1992006, catches
from Subareas 3+4were highly variable, ranging from 57 t in 2001 to 6,981 t in 2006. During 2007-2011,
catches in Subareas 3+4anged between120t and 718 t, then decreased again frord7 t in 2012 to 14 t in
2015 (Table 1, Fig. 6)

Catches in Subaa 4 increased rapidly, from 13,945 t in 1975 to a peak of 7259 t in1979, with the
development of international bottom trawl and midwater trawl fisheries on the Scotian Shelf (Amaratunga et
al,, 1978), but then deaeasedrapidly to 1,744 t in 1982 (Table 1). During 1983-1999, catches in Subarea 4
were primarily from the international mixed -species fishery for silver hake, argentine andl illecebrosis and
ranged between 110 t and 6535 t. Since 2000, tere has been no directed fisheryor 1. illecebrosusn Subarea
4 (NAFQ 2003) rather catcheshave been primarily from bycatch inthe Canadiansmall-mesh bottom trawl
fishery for silver hake and havegenerally totaled less than50 t (Table 1, Fig. §. Since 2000, mall amounts of
I. illecebrosusbycatch by international vesselshave also occurred 12 t in 2000 and 4 t in 2003 by Russia
(NAFQ 2003) and 13 t in 2005 by Korea(T.-Y. Oh, NationaFisheries Research and Development Institute,
Korea, pers. comm.)During 2000-2010, catches averaged 29 hut have sincedecreased from 38 t in 2011 to
14 tin 2015.

Beginning in 2004, a majority of the squid catches in the STATLANT 21A Database, fratme Maritimes

Regionof CA were listed as either Loligo pealeii (now known as Doryteuthis pealei) or Qinspecified squid®

(i.e.,the latter designation represents eitherO/ | | AOOOADPEEAAA Obf&quiddThell.dedle§ ET EAAA
catchestotaled 102 t in 2004 and 24t in 2005.4 E Ansg2éfied squidbcatcheswere very high during 2008

(2,154 t), 2009 (1,821 t), and 2011 (1,110 t). However, these catches were not recorded in the official
Canadiandatabase (MARFISJor the Maritimes Regionand did not appear in theSTATLANT21B Database.
Discussionswith the MARFIS Databasstaff from the Maritimes Region as well as the NAFO database staff,

did not resolve the issue Catch data from he MARFIS Database were included in the stock assessment

because theywere considered more accuratebecause,since 1999, there has not been a directed fisheryn

Subarea4 becauseforeign-flagged vessels have not been licensed to fish on the Scotian Sh&ised onthe



fact that very smallcatches ofL. pealeiioccurred infrequently in the July Div. 4VWX surveysand that small
amounts ofL. pealeiiwere reported as such in the MARFIS Databaghe small amounts ofQunspecified squich
catchincluded in the MARFIS Database (0.0022 t during 2006-2015) were considered to be I. illecebrosus
catches

Since 1953, atches in Subarea 3 have been predominately from tidewfoundland inshore jig fishery which
expandedA OOET ¢ O&sA reputbaf melv harketsand after 1964, with the use of Japanese mechanized
jigs (Dawe, 1981) Although international fisheries occurred offshore in Subarea 3 during 19741979, the
peak catch from these fisheries,5,700 t in 1978, only comprised a small percentage 14%) of the total
landings from Subarea 3(Dawe, 1981). Small amounts d I. illecebrosusbycatch have occurred in Div. 3M
(average = 12 t during 19762015) but there has never been a directed fisheryTotal catches from Subarea 3
increased rapidlyduring OE A p toomnBF32 hin 1975 to a peak of 88833 tin 1979, but then deceased
rapidly to 5t in 1983 (Table 1, Fig. 6).Since1983, catches from Subarea 3 have been highly variable and
predominately from the inshore jig fishery.During 1987-1997, catchesranged from 48 t in 1995 to 12,748 t
in 1997; the highest level since 1981During 1998-2005 catcheswere highly variable and averaged 699 fThe
largest recent catchfrom Subarea 3was 6,957 t in 2006. During 20092012, Subarea 3 catches declined from
676 t to 18 t, respectively, andhere were no lllex catchesduring 2013-2015.

3.1.3 Subareas 5+6

During 1964-1966, the Russian fleet began landing Northern shortfin squid in Subareas 5+6. Directed bottom
and midwater trawl fisheries, by international fleets (mainly Japan, Spain, Italy, Russia, and Poland)
developed in1967 (Lange and Sissenwine 1980and occurred through 1986 NEFSC 1999)During this time
period, total catchesfor Subareas 5+6 increased rapidly t@ peak of 24,936 t in 197§ Table 1, Fig.6). Since
1987, the directed fishery has consisted solely of domestic bottom trawlerNEFSC 1999) During 1987-
1997, catches were generally inhe range of 10,00018,000 t. Domestic fishery atches reached a peak of
23,597 t in 1998, but the fishery wasclosedfor the year beginning in August because the TAC (19,000 tyas
exceededDuring 1999-2003, catches from Subareas 5+@&ngedfrom 2,750 t in 2002 to 9,011 tin 2000. The
fishery was closed again in September of 2004, when the highest catch on rec¢2&,097 t) occurred and the
guota of 24,000 t was exceededDuring 2005-2012, catches averaged 14, 453 t, but then decreasddring
2013-2015 and average,994 t. The catchduring 2015 was 2,423t.

3.1.4 Subareas 3-6

The timing and duration of theNorthern shortfin squid fisheries vary by Subarea.Since 1992 most of the
catches in theSubarea 4 and 5+6 fisheries have occurred during Ju@ctober, with peak catchesccurring in
July. The Subarea 3 fishery hagenerally occurred about one month later,during July-November, with peak
catchesoccurring in September Hendrickson et al., 2002).

Total catches from Subareas-8 increased rapidly from 4,211 t in 1970 to a time series peak of 179,333 t in
1979, but then declined rapidlyto 6,788 t in 1985(Table 1, Fig.6). Total catchesdeclined further to 2,769 t in
1988, but then increased to 2243t in 1997. Since 1998 catches in Subareas -8 have been predominately
from the Subareas 5+6 fisheryDuring 2004, the Subareas 36 catches (28,671 t) reached the secondighest
level since 198B2. Total catches declined during 209-2014 from 19,136 t to 8,788t, respectively, andtotalled
2,437t in 2015.

3.2 Survey Abundance and Biomass Indices

Of the three surveys with the longestitne series,surveys in Div. 4VWX, Div. 4T andubareas5+6 (Tables 2
and 3, Fig. 7) the Div. 4VWX surveys the best indicator of shortfin squid biomass in Subareas 3+4 because
the survey occurs during July a timewhen the species is st availablein the continental shelf survey area
and becausethe survey occurs prior to the Subarea 3 fishery and neast the start of the fisheries in Subarea
4-6. In addition, the Div. 4VWX survey covers thiargest area ofshortfin squid habitat in Subareas 3+4Thus,
indices for the spring/summer surveys in Div. 4VWXDiv. 3Mand Div. 3LNCcan be considered asneasures
of pre-fishery biomass Indices for the autumn surveys conducted in Subareas 5+6 and Div. 4dan be



considered as measure of posfishery biomass because theyccur near the end ofthe directed fisheries in
Subareas 46, particularly since 1998, when total catches have been predominateljrom the Subareas 5+6
fishery which ends in Septembenr early Octoberduring most years

3.2.1 Subareas 3+4

Biomass indices for the Div. 3LNO spring and fall surveygere very low, and during 19962014, averaged
0.036 kg per tow and 0.047 kg per tow, respectivelyOnly the fall survey indices for Div. 3LNO were
presented because thewere the higher of the two time series (Table 3)The low biomass indiceswere likely
due to low availability of the species to the spring and fall surveyisecausethe population is migrating on and
off the Grand Bank, respectively (Hendrickson, 2006As a result the Div. 3LNOspring and fall surveyindices
were consideredto be poor indicators of the relative biomass of Northern shortfin squid in Subareas 3+4.

The Div. 4VWX biomassndices showed a high degree of interannual variability However,a period of high
productivity occurred during 1976-1981, averaging 13.2kg/tow (average% CV= 31%), followed by low
productivity period s during 1970-1975 and 1982-2014, averaging2.0 kg/tow and 2.8 kg/tow (average %C\s

= 35% and 36%), respectively (Table 2 Fig.7). During the 1982-2014 low productivity period, the biomass

index was highest in2004 (12.9 kg/tow) and the second highest ir2006 (10.2 kg/tow), butboth indiceswere
followed by very low indices in subsequent yearge.g., 0.7 kg/tow in 2005 and 1.5 kg/tow in 2007) The
estimate of the2004 index was very imprecise (%CV = 65%)but the 2006 index was fairly precise (% CV =

29%). Biomass indices generally declined af@®04 and were below the 192P14 low productivity period
average during 201R014. During 2015, the biomass index was the third lowest value in the time series (0.2 kg per
tow, % CV = 39%.

The Div. 3Msurvey of the Flemish Caps alsoconducted primari ly during July, but the surveycovers a smaller
area of lllex habitat than the Div. 4VWX survey In addition, the Flemish Cap is more isolateffom the
continental shelflllex habitats in Subarea 3due to itslocation farther offshore and separation from the Grand
Bank by thedeep waters of theFlemish PassThe fit for the vessel conversion factofor biomass (1.279)was
very good (R?2 = 0.8225,p < 0.00001). However, the fit for the abundance conversion factor was very poor
(R*=0.0113 so it was notutilized to standardize the abundance indicesl the abundance indicesere not
presentedWith respect to biomass, the R/Wizconde de Ezaas 28% more efficient at catchingllex than the
R/V Cornide de SaavedréGonzalezTroncoso, 2016). Biomass indicesduring 1988-2015 were low, less than
100 t during most years with the exception of 199-1991, 2006, and 20082009. Biomassindices averaged
593 t and ranged betweenOt and 5,137 t (Table 4, Fig. §. During 2004-2015, catches ofNorthern shortfin
squid at depths between 730 m and 1,460 m were highly variable, but were low during most years and
averaged an additional 1.5% in biomass (range of-0.9%). Biomass indiceswere highest during 20062009,
reaching a peak of 5,37 t in 2008 then declining to 1,363 t in 2009. However, these high biomass indices
were not attributable to high squid biomass in strata deeper than 730 m, because the latter comprised only 0
to 0.4% of the annual biomass indices during this time period’here were ro catches ofllex during 2013 and
2015 andonly 3 tin 2014. It is possible that themagnitude of the3M survey indices are influenced by the
timing of the annual inshore migration of the species whichgenerally occurss during July (Dawe, 1981)
however, the residence time ofthe specieson the Flemish Caps unknown. Trends in the Div. 3M biomass
indices were similar to the trendstime Div. 4VWX biomass indices only during periods of high bioniadsiv.
3M. This suggests that the Flemish Cap represents matfeahabitat in July during most years, but that the
survey indices are useful biomass indicators for Subareas 3+4 when squid biomass is high on the Fl€Righ Cap
8).

Similar to the Div. 4VWX survey biomass indices, biomass indices for both the Div. 4T and Subareas 5+6 fall
surveys were much higher during 197831 than thereaftelhere were ndllex catches in the Div. 4T survey
during 2015 and biomass indices dur@fl3 and 2014 were very low, similar to the 22035 biomass indices for

Div. 4VWX. Trends in the biomass indices for the both surveys were correldgiedhose for the Div. 4VWX
surveys during 1942997 (Dawe and Hendrickson 1998espite the fact thahe 4T survey area covers only a
smallportion of shortfin squid habitat in Subarea 4.



3.2.1 Subareas 5+6

Smilar to the Div. 4VWX biomassndices, the Subareas 5+6 biomass indicagere consistently high during
1976-1981 (average = 5.7 kg per tow)but have since beemmuch lower (1982-2014 average = 1.0 kg per tow)
and highly variable (Table 3,Fig. 7). Since 1982, biomass indices for Subareas 5+6 have exhibited two gealer
rise-and-fall periods; an increaseto a peak of 3.3 kg per towin 1989, which wasfollowed by a general decline
through 1999. Asecondbiomassincrease to the highestlevel since 1989, occurredn 2006 (2.8 kg per tow)
but was followed by a decline to 0.5 kg per tovin 2010, a level at which the index has generallgemained
since then. With respect to recent relative abundance indices he 2003 (28.5 squid per tow) and 2006 (29.5
squid per tow) spikeswere due to large catches at one or two stations. In contrast, during 198%dar during
the high productivity period), the aburdance index (27.1 squid per tow) was similar to the indices for 2003
and 2006, but the 1981 catch rates were high at many stationghe variabilities of thesepost-fishery survey
indices arealso affected by the timing of thed B A AaBnkia@ @ft-shelf migration.

35 Body Size

Trends in squid mean body size reflect the combined effects of emigration/immigration, recruitment, growth
and mortality of these semelparous species (NEFSC, 1999; Hendrickson, 2084 I. illecebrosusthese
factors are primarily influenced by environmental conditions (Dawe et al., 2007Mean body weightswere
highest during the high productivity period (1976-1981 average = 150 yand lower during the 1982-2014

low productivity period (average = 80g) in the Div. 4VWX July surveyFig. 9A). Similarly, mean body weights
in the Subareas 5+6 autumn surveywere highestduring 1976-1981 (average = 284 gand lower during
1982-2014 (average = 101Fig.9B). During 1970-2015, there was afairly strong, positive correlation
betweenthe mean body weights of squid from both surveysr(= 0.64, p < 0.0001, Fig. 1Q. During 1982-1994,
the mean body weight of squid caught in the Subareas 5+6 survayeraged 127 g andvas generally above
the low productivity period average butthen declined (average during 19952014 = 85 g) and wasnainly
below the averageduring 2000-2015 (Fig. 9B). Trends in mean body weights from the Div. 4VWX survey
were slightly different during 1982-2014. Since 1982 the meanbody weight of squid caught in the Div. 4VWX
surveys hasfluctuated widely around the 19822014 low productivity period average but was generally at or
below the average (although increasing) during 19821996 and was generallyabove the average during
2002-2015 (Fig. 9A). After reaching a low productivity period peak of 137 g in 2006, mean body weight
declined to thefourth lowest value inthe time series during2013, but then increasedand was96 gin 2015.

3.6 Relative Fishing Mortality Indices

Relative fishing mortality indices for Subareas 3+4 were higbastduring 1977-1982 and reached a peak of
4.20in 1978. During 1976:1981, relative fishing mortality indices averaged 1.69 but were much lower during
1983-2014; averaging 0.12 with a peak of 0.981 1996 (Table 5, Fig. 1). Theindices have consistently been
below 0.12 since 2004, and during 20092015, were the lowest values in the time series.

3.7 Limit Reference Points

For data-poor stocks, such as the Subareas 3##lex stock component, the NAFOStudy Group onLimit
Reference Poins recommendedthat 85% of the maximum observedbiomassindex be used as a proxy for
Bim, assuming that the highest index is equal toMdy(SCS Do®4/12). For all NAFO stocks, i is considered
as Fusy or a proxy thereof. However, lllex is an annual, semelparous speciesRecruitment is strongly
influenced by environmental conditions (Daweand Warren, 1998; Dawe et al.2007), and as a result, the
Subareas 3+4stock component has experienced low and high productivity statesSince the onset of the 1982
low productivity period, the magnitude of the Div. 4VWX biomass index has not consistently reflected the
magnitude of the fishery removals during each respective year. Given tireconsistent response of the annual
relative biomass indices to fishery removals and the lack of a stoglkcruitment relationship, limit reference
point proxies were developed (Rivard et al. 1998).

The management advice for this stock component is basash the potential yield depending onwhether the
stock is in a low or high productivity state. The method used to compute potential yield only applies to the



low productivity period, does not account for effects of environmental conditions on yield, and asses that
the high relative fishing mortality indices which occurred during 19761981 (which were followed by a rapid
decline in the Div. 4VWX biomass indices) are appropriate for the curretdw productivity period. Potential
yields for the low productivity period were computed as: 1.) the average catch during 1978981*(average
Div. 4VWX biomass index during 1982997/average biomassindex during 1976-1981) = 19000 tons and 2.)
the catch duringthe 1979 peak*(average Div. 4VWX biomass index during 1982997/b iomass index during
1979) = 34000 tons (Rivard et al. 1998) Both potential yields are assumed to represent limit reference
points.

4.0 Summary

Two general levels of productivity have been identified for the Subareas 3+4 component of the Northern
shortfin squid (Illex illecebrosu$ stock basedon trends in relative biomass indices and squid mean body
weights derived from the July Div. 4VWX bottom trawl surveys and relative fishing mortality indice¢Rivard

et al, 1998; Hendrickson, 1999). A period of high productivity (1976.981) occurred between two low
productivity periods (1970-1975 and 19822014). During the high productivity period, relative biomass
indices averaged 13.2 kg per tow and squid mean body weigghaveraged 150 g. During the 1982014 low
productivity period, relative biomass indices averaged 2.8 kg per tow and squid mean body weights averaged
80 g. Relative biomass indices generally declined after 2004 and were below the low productivity period
average during 20162014. During 2015, the biomass index was the third lowest value in the time series (0.2
kg per tow). Biomass indices for Div. 3M and Div. 4T were the lowest in the time series during 262815.
Mean body weighs of squid in Div. 4VWXlecareased from a low productivity period high of 137 g in 2006 to
42 g in 2013 but was above average during 2008015, with the exception of 2013. During 2015, mean body
weight (96 g) was above the low productivityperiod mean butwas smaller than the 2014 véue and much
smaller than thevalues for thehigh productivity period . With the exception of 2013 relative fishing mortality
indices for Subareas 3+4 during 2009-2015, were the lowestin the time series Based on these trends, the
Subareas 3+4 stock comgnent remained in a state of low poductivity during 2015.
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Table 1.Nominal catches (t) oflllex illecebrosusn NAFO Subareas &nd 4, during 19532015, and Subarea 5+6,
during 1963-2015, and TACst) for Subareas 3+4 and Subareas 5+6.

Total Total
Subarea  Subarea Subarea Subareas Subareas TAC (1)?
3? 43 3+4 5+6" (3-6)° 3+4 5+6
Year (t) (t) (t) (t) (t)
1953 4,460 51 4,511 4,511
1954 6,700 115 6,815 6,815
1955 7,019 269 7,288 7,288
1956 7,779 450 8,229 8,229
1957 2,634 335 2,969 2,969
1958 718 84 802 802
1959 2,853 258 3,111 3,111
1960 5,067 24 5,091 5,091
1961 8,971 50 9,021 9,021
1962 482 587 1,069 1,069
1963 2,119 103 2,222 810 3,032
1964 10,408 369 10,777 360 11,137
1965 7,831 433 8,264 522 8,786
1966 5,017 201 5,218 570 5,788
1967 6,907 126 7,033 995 8,028
1968 9 47 56 3,271 3,327
1969 21 65 86 1,537 1,623
1970 111 1,274 1,385 2,826 4,211
1971 1,607 7,299 8,906 6,614 15,520
1972 26 1,842 1,868 17,641 19,509
1973 622 9,255 9,877 19,155 29,032
1974 48 389 437 20,628 21,065 71,000
1975 3,751 13,945 17,696 17,926 35,622 71,000
1976 11,257 30,510 41,767 24,936 66,703 25,000 30,000
1977 32,754 50,726 83,480 24,795 108,275 25,000 35,000
1978 41,376 52,688 94,064 17,592 111,656 100,000 30,000
1979 88,833 73,259 162,092 17,241 179,333 120,000 30,000
1980 34,780 34,826 69,606 17,828 87,434 150,000 30,000
1981 18,061 14,801 32,862 15,571 48,433 150,000 30,000
1982 11,164 1,744 12,908 18,633 31,541 150,000 30,000
1983 5 421 426 11,584 12,010 150,000 30,000
1984 397 318 715 9,919 10,634 150,000 30,000
1985 404 269 673 6,115 6,788 150,000 30,000
1986 1 110 111 7,470 7,581 150,000 30,000
1987 194 368 562 10,102 10,664 150,000 30,000
1988 272 539 811 1,958 2,769 150,000 30,000
1989 3,101 2,870 5,971 6,801 12,772 150,000 30,000
1990 4,440 6,535 10,975 11,670 22,645 150,000 30,000
1991 1,719 1,194 2,913 11,908 14,821 150,000 30,000
1992 924 654 1,578 17,827 19,405 150,000 30,000
1993 276 2,410 2,686 18,012 20,698 150,000 30,000
1994 1,954 3,997 5,951 18,350 24,301 150,000 30,000
1995 48 1,007 1,055 13976 15031 150,000 30,000

1996 8,285 457 8,742 16,969 25,711 150,000 21,000
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Total Total
Subarea  Subarea Subarea Subareas Subareas TAC (1)?
3? 43 3+4 5+6" (3-6)° 3+4 5+6

Year (t) (t) (t) (t) (t)
1997 12,748 2,866 15,614 13356 28,970 150,000 19,000
1998 815 1,087 1,902 23,%8 25,470 150,000 19,000
1999 19 286 305 7,388 7,693 75,000 19,000
2000 328 38 366 9,011 9,377 34,000 24,000
2001 23 34 57 4,009 4,06 34,000 24,000
2002 230 30 260 2,750 3,010 34,000 24,000
2003 1,087 46 1,133 6,391 7,524 34,000 24,000
2004 2540 34 2574 26,097 28671 34,000 24,000
2005 548 30 578 12,013 12,31 34,000 24,000
2006 6,957 24 6,981 13,943 20,924 34,000 24,000
2007 230 16 246 9,022 9,268 34,000 24,000
2008 523 11 534 15,900 16,431 34,000 24,000
2009 676 42 718 18,418 19,136 34,000 24,000
2010 102 18 120 15,825 15,94 34,000 24,000
2011 88 50 138 18,797 18,935 34,000 23,328
2012 18 29 47 11,709 11,7% 34,000 22915
2013 0 27 27 3,792 3,819 34,000 22,915
2014 0 21 21 8,767 8,788 34,000 22,915
2015 0 14 14 2,423 2,437 34,000 22,445

AVERAGE

19761981 37,844 42,802 80,645 19,677 100,22

19822014 1,822 835 2,657 12183 14,840

1TACs during 1974 and 197%r Subareas 5+6ncluded Doryteuthis (Amerigo) pealedind, during 1978977,
15,000 t and 10,0000 I. illecebrosusvere allocated to Russia and @da, respectively. @untries without
allocations wergermitted to land 3,000 t from Subareas 8Bdwe 1981)

2 During some years, SA 3 catches inclsdell amours from Subarea 2

% SA 4 catches from 1987 onward were updated based on catches in the Canadian Pioggareand MARFIS

Databases

4 Subaeas 5+&atches during 1968978were not reported by species and are prordimsed estimates by Lange ¢
Sissenwine (1980)

5 Catches fom all Subareas during 202®15are provisional
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Table 2. Indices of relative ahundance (stratified mean number pertow) and biomass(stratified
mean kgper tow), andCVs @) for lllex illecebrosuscatchesin bottom trawl surveys
conductedduring Julyin Div. 4VWX (19702015). Indices werederived using
datafrom strata 440-495.

Year Number per tow CV (%) Kg per tow CV (%)
1970 5.8 37 0.4 39
1971 27.6 39 2.8 38
1972 6.6 20 0.7 22
1973 10.9 57 1.5 61
1974 12.4 16 1.6 18
1975 44.8 35 5.0 34
1976 247.2 40 45.6 38
1977 50.9 28 9.5 31
1978 16.1 27 2.2 30
1979 94.2 20 14.6 22
1980 23.3 34 2.2 28
1981 355 34 4.9 36
1982 255 54 2.1 53
1983 77.0 60 2.1 55
1984 14.1 42 1.5 48
1985 81.0 70 2.7 55
1986 7.7 43 0.4 43
1987 4.9 33 0.4 37
1988 47.2 34 2.7 36
1989 25.4 26 25 28
1990 41.3 32 4.3 33
1991 27.1 22 1.8 21
1992 121.7 69 7.3 72
1993 79.0 42 5.4 29
1994 45.3 28 4.2 14
1995 345 36 25 35
1996 12.2 28 0.9 26
1997 535 34 5.0 38
1998 10.0 24 0.9 21
1999 17.0 38 2.1 36
2000 4.0 40 0.1 23
2001 3.3 31 0.2 35
2002 13.0 50 1.1 53
2003 12.1 39 0.9 36
2004 119.3 61 12.9 65
2005 9.6 38 0.7 38
2006 74.4 31 10.2 29
2007 15.4 28 15 31
2008 28.7 38 3.0 40
2009 69.9 39 6.0 38
2010 19.6 28 1.8 34
2011 23.4 31 1.9 27
2012 16.9 20 1.5 19
2013 1.4 23 0.1 17
2014 10.1 28 1.1 30
2015 2.4 31 0.2 39
AVERAGE
19761981 77.9 30 13.2 31

19822014 34.7 38 2.8 36
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Table 3. Indices of relative abundance (stratified mean number per bw) and biomass (stratified men k¢
per tow) for lllex illecebrosuscaught during fall bottom trawl surveys conducted in $ibareas 5+t
(mainly Sept-Oct, 1967-2015), Div.3LNO(mainly Od.-Dec, 1995-2015), and Div. 4T(Sept, 1971-
2015). The Div. 3LNO fall survey was not conducted during 2014 due to vessel problems.

Subareas 5+6 Div. 3LNO Div. 4T
Number Kg Number Kg Number

Year per tow per tow per tow per tow per tow K g per tow
1967 1.6 0.2

1968 1.6 0.3

1969 0.6 0.1

1970 23 0.3

1971 17 0.3 0.72 0.20
1972 2.2 0.3 0.05 0.02
1973 15 0.4 0.08 0.03
1974 2.8 0.4 0.06 0.02
1975 8.7 14 2.47 0.54
1976 20.6 7.0 30.77 8.29
1977 12.6 3.7 25.74 7.62
1978 19.3 45 52.83 15.04
1979 194 6.1 28.47 8.19
1980 13.8 3.3 18.05 4.61
1981 27.1 9.3 5.76 1.70
1982 3.9 0.6 0.39 0.13
1983 1.7 0.2 0.09 0.02
1984 4.5 0.5 0.04 0.02
1985 24 0.4 0.32 0.12
1986 21 0.3 0.12 0.01
1987 15.8 15 0.22 0.05
1988 23.2 3.0 1.33 0.42
1989 224 33 0.97 0.24
1990 16.6 24 1.37 0.29
1991 5.2 0.7 0.17 0.03
1992 8.2 0.8 0.65 0.11
1993 10.4 1.6 0.83 0.13
1994 6.8 0.9 0.79 0.18
1995 8.0 0.7 0.1342 0.0049 0.32 0.03
1996 10.8 0.9 0.1584 0.0183 1.09 0.19
1997 5.8 0.5 0.9824 0.1333 0.89 0.14
1998 14.6 14 0.4045 0.0851 1.34 0.30
1999 14 0.2 0.0079 0.0018 0.47 0.11
2000 7.4 0.7 0.3186 0.0303 0.27 0.03
2001 45 0.3 0.1669 0.0281 0.08 0.01
2002 6.4 0.4 0.6145 0.0879 0.11 0.02
2003 28.5 1.9 0.6964 0.1281 0.22 0.05
2004 5.1 0.4 0.0752 0.0178 1.61 0.37
2005 11.0 0.7 0.0923 0.0169 0.46 0.10
2006 295 2.8 0.5678 0.1704 2.33 0.54
2007 15.7 1.3 0.2196 0.0600 7.27 1.43
2008 104 1.0 0.1139 0.0275 0.53 0.10
2009 8.7 0.9 0.0142 0.0042 0.88 0.18
2010 10.0 0.5 0.0048 0.0002 0.86 0.18
2011 6.3 0.5 0.0032 0.0001 0.42 0.10
2012 8.0 0.5 0.2162 0.0275 0.64 0.12
2013 47 0.4 0.0098 0.0017 0.11 0.01
2014 8.3 0.6 - - 0.28 0.06

2015 9.5 0.5 0.0886 0.00& 0.00 0.00
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Table 4. lllex illecebrosusninimum biomass (t) estimatesderived from EU bdtom trawl surveys
conducted on the Flemish Capiv. 3M) during July, 19882015. Catches in survey stratd -
19 (A A b O B3O m)Svere used toderive the indices.Minimum biomass estimates for 1988
2002 were converted from R/VCornide de Saavednanits to R/V Vizconde de Ezanits.
Minimum abundance estimates are not presentetlecause avessel conversion factoiis
currently not available.

Year Biomass(t) SE
1988 6 4
1989 9 4
1990 2,107 604
1991 1,483 395
1992 83 18
1993 1 1
1994 269 33
1995 1 1
1196 113 15
1997 81 12
1998 92 12
1999 22 4
2000 3

2001 10 3
2002 8 3
2003 222 60
2004 470 55
2005 79 8
2006 3,541 1,244
2007 411 64
2008 5,137 2,392
2009 1,688 346
2010 43 7
2011 89 19
2012 38 8
2013

2014 3 1
2015

Average (1988014) 953
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Table 5. Relative fishing mortality indices (SA 3+4 nominal catch/Div. 4VWX July surdg@pmass
index) of Northern shortfin squid (lllex illecebrosu} in Subareas 3+4 during 197€2015.
Indices weredivided by 10,000 to scale the values.

SA 3+4 Div. 4VWX July Survey Relative
Year Nominal Catch Biomass Index Fishing Mortality
(t) (kg/tow) Index
1970 1,385 0.4 0.3
1971 8,906 2.8 0.32
1972 1,868 0.7 0.29
1973 9,877 15 0.65
1974 437 1.8 0.03
1975 17,696 5.0 0.3
1976 41,767 456 0.09
1977 83,480 9.5 0.88
1978 94,064 22 420
1979 162,092 146 1in
1980 69,606 2.2 321
1981 32,862 4.9 0.67
1982 12,908 21 0.61
1983 426 21 0.02
1984 715 15 0.05
1985 673 2.7 0.02
1986 111 04 0.03
1987 562 04 0.14
1988 811 2.7 0.03
1989 5,971 25 0.4
1990 10,975 43 0.26
1991 2,913 1.8 0.17
1992 1,578 7.3 0.02
1993 2,686 5.4 0.05
1994 5,951 4.2 0.14
1995 1,055 25 0.04
1996 8,742 0.9 0.%
1997 15,614 5.0 0.31
1998 1,902 0.9 0.20
1999 305 21 0.01
2000 366 0.1 0.28
2001 57 02 0.02
2002 260 11 0.02
2003 1,133 0.9 0.13
2004 2574 129 0.2
2005 578 0.7 0.09
2006 6,981 10.2 0.07
2007 246 15 0.02
2008 534 30 0.02
2009 718 6.0 0.01
2010 120 1.8 0.01
2011 138 1.9 0.01
2012 47 15 <0.01
2013 27 0.1 0.05
2014 21 11 <0.01
2015 14 0.2 0.01
Average
19761981 80,645 13.2 1.8

19822014 1,822 2.8 0.12
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Fig.1. Northwest Atlantic Fisheries Organization (NAFO) nominatatch reporting areas, Subareas-8 and associated Divisiongor
fisheries occurringin the Northwest Atlantic Ocean.



20

55 54 53 52 51 50 49 48 4
49
48
a7
46
45
93-183m
) 184 - 274 m
il Ry 275-366m |
] 367-549m |
550 - 731 m
732-914m
915-1097 m
43 43
L S Tl i ek i T T ST i
55 54 53 52 51 50 49 48 47

Fig.2.  Depth strata sampled duringspring and fallbottom trawl surveys conductedin Divisions 3LNOby
the Canada Department of Fisheries and Oceans.
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Fig.3.  Depth strata sampled duringbottom trawl surveys conductedby the European UnionEU-
Spain/Portugal) on the Flemish Capin Division 3M, primarily during July. Srata 1-19 were sampled
during 1988-2003 and strata1-25 and 2834 were sampledfrom 2004 onward.
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Fig.4. Depth strata sampled during bottom trawl surveys conducted irfA) Division 4VWX (the Scotian
Shelf and Bay of Fundy) during Julgind in (B) Division 4T (the southern Gulf of StLawrence)
during Septemberby the Canada Department of Fisheries and Oceans.
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Fig. 5. Offshore depth strata sampled durindall bottom trawl surveys conductedoff the East @ast of the
USAjn NAFOSubareas 5+6by the Northeast Fisheries Scienc€enter.
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Fig.6. Nominal catches (‘000 t) oflllex illecebrosusand TACS'000 t) in Subareas 34 (SA 3+4)during
1953-2015, andin Subareass+6 (SA 5+6)during 1963-2015 (top) , and nominal catches in Subarea
3 and Subarea 4 during 19822015 (bottom) .



