REPORT OF THE

NORTH-WESTERN WORKING GROUP

ICES Headquarters
28 April - 6 May 1998

PART 2 OF 2

This report is not te be quoted without prior consultation with the
General Secretary. The document is a report of an expert group
under the auspices of the International Council for the Exploration of
the Sea and does not necessarily represent the views of the Council.

Intemnational Council for the Exploration of the Sea

Palzgade 2-4 DK~1261 Copenhagen K Denmark






i,

-

VOO il AL Qurimgnny Anloe e aoalerand and o H i
 In 1996 the Groundfish Survey design: was analysed and revised with the. aim to reduce the twotal survey cost but keeping
abouit the- same luvul of accuracy. Staticns which have only' be takeri occasionally during the survey 1_s\rinrl since the

5 which had been used previously.

3.3 7 Jeelandic ¢od (Division Va) -
331 Gmundﬁsh survey design
i Iggland__ Groundfish Siitvey (IceGFS) startéd in-'1985. Thé area of lnvestlgatlon coversithe Ieelandic shelf down to the
500'm" depth contour. 600 stations were considered'a teasonable:effort to reach an acéeptable level of coefficient of

variation of cod indices. In order'to work the 600 stations within a reasonable time limit, 5 commercial, standardised, stern

trawlers are leased.

“'The allocation of trawling stations is based on the stratified random sampling theory. The stratification scheme is based on
“pre-estimated cod- denmty pattérns derived: from commercial as well as research vessel catch data, whichi were summarised

by statlstlcal squares The statlstlcal square bas:s a]lows ﬂexlblhty in post-stratlf catmns ‘with’ respect to different specles

Based on blologlcal and hydrographlcal c0n51derat10ns the survey area was dmded into two areas, a northern and a

“scmthem area for demgn purposcs

"The allocaﬁon of statistical squares to strata j5 based on the estimated density of cod in each squa.re 1ﬁf6ﬁnati’on on'¢od

density was derived from three different sources: The trawler captains and their advisors graded each square with respect to
their experience of fishing in March Commerclal fishenes data ylelded additional information on cod density, as did results

V‘from prevmus research surveys

i

“Ten strata Wwere constructed "frdm the statistical squiares, 4 in the southern area and 6 in the northern one. Statistical squares

in each strata are not necessarily adjacent, which allows more possibilities in constricting homogéneous strata with ‘regard
to fish density.

Stations were divided between strata in direct proportion to the product of the area of each stratum and iis estimated cod
density. Fmaily, the trawl stauons of a stratum were ailecated to-each square w1tl1m the stratum in dlrect propomon to-the

area of the square

E as Tais ol T gy P Y . O S Y S8 LRt S S RS TR . LY R et e
::tatlons WlT.l‘Iln eacn stausucaj square TS dl ally beiween iishermen aid project mernbers from the Marin
‘nesearcn m:amuu: uvuu) Project mc‘:mber‘ selec om positions for their stations. Fishermen were asked to fix their
 stations in each squiare in accordance with their know and éxperience of fishing and fishing grounds. Trawling {s'dorie

both day and night, and sampling is distributed umformly over the 24 hours.

“This sampling method ihay be classified as "serni-tandom stratified" since only half of the stations are randomily selected. -

begmmng of the survey in 1985 and other stations with low or zero catches especially in the southeastern area were thrown
- out. Recalculation of the survey indices resulted in minior differences fo the previous estimates. Accordingly the number of

stations was reduced to 540 (instead of the 600 originally) in 1996 and the survey was carried out using 4 trawlers instead of

332 ' Trends inlandings and fisheries

The fleet fishing for cod at Iceland operates throughout the year. The fishing vessels are ‘of different sizes but tan however

be grouped into three main categones

1. Trawlers; > 300 GRT
2. Multi-gear boats; < 300 GRT
3. Small boats; < 20 GRT

The trawlers operate throughout the year outside the 12 mile limits. They follow the spawning' and feeding migration
patterns of cod and fish on spawning grounds off the south west and south-coasts during the spawning season but move to

- feeding :areas off the northwest coast during the summer time. During:the autumn, this fleet.is more spread. out. The: muiti-

gear boats operate mainly using gillnet during the spawning season in winter and spring along the south-west coasts but in
recent years this fleet has also used gillnet in late autumn. Part of this fleet uses longlines during autumn and early winter.

During summer some of these boats trawl along the coast out to the 3 mile limit. Others fisk with Danish seines close to the
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shore, Most of the smaller boats operate with handlines mainly in shallow waters during the summer and autumn period. In
recent year the mesh sizes used by the gillnet fleet have been increasing.

In the period 1978-1981 landings of cod increased from 320 0G0 t to 469 000 ¢ due to imrnigration of the strong 1973 year
class from; Greenland waters combined with an increase in ﬁshmg effort. Catches then declined rapidly to.only 280 000 tin
1983, .Although cod catches have been regulated by quotas since 1984, catches increased to 392000 t in 1987 due.to the
recmltment._of‘the 1983 and. 1984 year classes.to the fishable stock in those years (Table 3.3.1). TR

Since 1988 all year classes entering the fishable stock have been well below average, or even poor, resulting in a continuous
decline in the landings: The.1995-catch of only. 170:000 ¢ is the lowest catch. level since 1942. Effort on.cod .in 1994
- decreased compared to 1993 . This trend has continued since then and a marked reduction .in-effort against eod has taken
place in the-most recent years (Table 3.3.2).due to further reduction in-quota and a.diversion of the effort towards other
stocks and areas. As a resuii of ihese cod catch rates for all fleet categortes have been increasing sharply U-'lgure 3.3.1).

Due to an increase of the ﬁshable stock blomass the quota for the 1996/ 1997 ﬁshmg year was sel at. 186 OOO t Landmgs in
1996 increased accordingly to 182 000 t. For 1997/1998 fishing year the quota was set at 218 000 t. Landmgs in 1997
amounted to 204 000 t. This lead to a slight increase in effort by the trawler fleet, but the effort of the glllnet ﬂeet and
SSFSC1EH}’ the longlm 1R _Cﬂl‘t' uud [L¥] dculuw . o
. . : R B . | . s . IR T P
Trends in fishing mortality by fleet (Figure 3.3.2.) show the same picture for the mosi receni years. There has been a sharp
decline in the fishing mortality of the gillnet and the trawler fleets since 1993, The fishing mortalities of the longliners and
_the handliners. have also shown a slight decrease. The fishing mortality of the trawlers increased in 1996, which can be

explamed by mcreased catch rate for this, ﬂeet espemally in 1996.

333 Catchin m

The: ﬂeets (or "metners") are defined by the gear season and area comblnatlons The gears are long lmes bottom trawl
gillnets, handlines and Danish seine. In the historical data sets each of these classes may contain related. gears, (based on
sparseness of data and low catches). Notably handlines are included with long lines and pelagic trawl is inchuded with the
. bottom trawl. The basic areas splits are the "northern” and "southern” areas. In the historical data set, seasons are split into
‘the. " spawnmg season (Januarv-Mav) and " non—snawmng season (June—December) Hrstoncallv. there have been some
'changes in fleet deﬁmtlons and thus there .does not eurrently extst a fully consistent set of catch-at-age data on a per-ﬂeet
basis. : .
Total catch at age (aggregated across fleets) was used as. VPA input, and seasonal data (aggregated across gears, and
reglons) were used to estimate the proportion of ﬁshmg mortality in January-May.

The total cateh-at-age data is glven in Table 3 3.3. It should be noted that much hlgher proportlons of the older age groups

_are taken during the first part of the year and this will considerably affect the estimation of the spawning stock at spawmng
time. Since, the, eatch—at age data have l'llStOI‘lCEllly only been, available for | anuary to May, ‘and not by shorter seasons, it is
assumed that 60% of those catches were taken .during January to March i.e., before spawmng time {Table 3. 3. 4)

In recent years emphasis has been put on improving the sampling scheme in order to obtain the most realistic information on
catch at age T'he data for these calculations is based on samples taken from all gears on the main fishing grounds throughout
the year. In recent years, annually 10 000 —15 ({{) cod otoliths have been read. The age—length keys have then been used o
convert about, 100 000150 000 length measurements also collected throughout the year. : -

Because of the quota system the question about discarding has been revived. There is however no mformatton avallable for
the time being and discarding is not thought to be a major problem at present. : :

334 - Mean weight at age
3341 '-‘-M_eanweightatageinthelandings R = S et o w

Mean we1ght at age inthe Iandmgs are computed usmg samples of otohths and lengths along w1th length dtsmbunons and
-length—welght relat:lonshlps : s . B :
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“'Thé'mean ‘weighis ‘at age-are computed for the 'same categories as the catch numbers at age and are then weighted together

across the fleet categories. The data are given in Table 3. 3 5 Mean weighis at age are noi-available on an annual basis for
catches taken before 1973, and hence the average, across the years 1973 1991 is used as the constant (m tune) mean welght

.at age for carlier years

'-3.3.4;2 "*-'Mean \ivei'ght‘ at agein‘the stock -

The weights at age in the landings have been used without modification to compute general stock bmmasses, with the

" exception of the spawning stock biomass (see below).

* ‘The Teelandic groundfish survey does provide better estimates of mean weights at age in-the stock, but it is not at:all clear
‘how these should 'be combined across areas whlch have dlfferent catchablhtles and in-any case these WﬁlEh[S are’ nnlv
1ava11able baclc to 1985 : s S : - :

-’3.3.4.3 " Mean weight at age in the spawning stock

For years up to 1997, data from the period January-May have been used for the estimation of the mean weights at age in the
spawning stock. It is assumed that the catches in the different gears and areds appropriately reflect the 'stock composition

‘with regard to mean weight at age. These weight-at-age data are presented in Table 3.3.6.

3.3.5 Maturity at age

Maturity at age is based on samples from the commercial fleets in the months January-May (ICES 1992/Assess: 14). It has

. been pointed out that using data collected throughout the year may bias the proportion mature in various ways (Stefinsson,

1992). The approach taken is, therefore, to compute. the proportion mature at the time of spawning, by considering only the
first part of the year (January-May), but aggregating across gears and regions,

There has been a marked increase in the proportion of mature fish at age during the period 1992—1997 (Figure 3.3.3). The
maturity at age data are given in Table 3.3.7.

The maturity-at-age data are not available on an annual basis for the catches taken prior to 1973 and, hence, the average for
the years 1973—1991 is used as a constant (in time) maturity at age for the years priorto 1973,

3306 Stock Assessment

3_.3.6.1 . Tuning data

;'TCommercml trawler CPUE data were analysed as descnbcd in Stcfansson (1988).to yield GLM 1ndloes of abundance
~(numnbers) at age. The analysis takes into account catchability changes in the fleet due to vessel renewal and vessels shlfung

between regions, but not changes in the spatial distribution of the resource or changes within vessels in the fleet. For this
reason the analysis of the logbook data was restricted to the years 1992-1997.

These indices are based on logbooks from demersal trawl ﬁsheries for two parts of the year (January-May and
June-December) and two areas i.e. south-western aréas, and northern areas (Table 3.3.8).

" Thee same method was’ apphed for the gillnet fleet! chbooks for this ‘flegt have been analysed for the years 1992—1997 but
" “are available sirice 1988: ‘However infofmation based on these logbooks for the years 1988—1990 is scarce as the loghooks

were not mandatory until 1991. The gillnet fleet operates mainly during the spawning season and at the spawning grounds
off the south and west coasts of the island. This fishery has often been referred to as “the spawning fishery” in earlier reports
of this Working Group. The GLM indices preseiited here are based on the gillnet fishery in the south and west areas during
January-May. These indices have been added to the assessment (Table 3.3.9).

The Icelandic groundfish survey data (Palsson ef al., 1989) are used as part of the assessment. The basic data are age-
disaggregated (Paisson and Stefansson, 1991) and abundance indices computed by using: the a modified Gamma-Bernoulli
{G-B) method io accommodate spatial information in an appropriate manner. 'The method is described in Working Paper by
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H. Bjtirnsson; Annex I in ICES (1994/Assess:19). Indtces are calculated for each of the three areas separately, agc gmups 3
zto 14 and forthe years 1985-1997. . : . e,
To use thc latcst information available in the XSA the 1998 survey abundance indices were moved back in time:of
approximately three months i.e. to December 1997 for the age groups 4-9. The same applies to abundance indices for the
other survey years. For the age group 3 and age group 2 no shifting in time has taken place. The resulting indices are given
in Table 3.3.10 by fleet, area and age group.,

336.2. Assessmentmethods . - h R S ' ;

Migrations-from :Greenland into the Icelandic- cod. stock.can: have major effects and hence. these need to. be taken: into
-account .in-the assessments.: Time series- aha‘lysis_ (TSA) of Gudmundsson (.1984). and an- ADAPT-type of method
(Stefansson, 1992) which were applied to this stock earlier (JCES 1992/Assess: 14) can estimate migration for a given year
and age. ‘As the ADAPT-method uses an average selection pattern in determining the terminal fishing mortality recent
changes in fishing pattern can not be accounted for. In recent years the Group has used the. XSA-method even though the
XSA has not been developed to account for migration — but there is a way to handle this:

XSA uscsa cohott—ottaly_sis. to iofojcc_t the _stock (or. t)cck calculating):

N =e™N

Mz
a,y a-1,y-1 _e Ca—l,y—l or
_ M M2
Naml,y—l =e Na,y te Ca—l,y—]

‘were N is stock size’ and Cis catch - numbers and M natural mortallty If ﬁsh of age a and in the year y is mtgratmg, in
amount of G, to the stock in the beginnirig of the year then the cohort equation wnll be ; IR

_ M M
.Nn,y .-_ ‘e Na—l,y—l e Ca—l,y

o+ Ga‘_‘.

and in back calculation the equations will be:

That is, if the size of the migraiion, G, is approximately known it can be implemented into the ¢©
ihe Ld.u.u-m ttutuucn. utc year bcfutc, ior the cohu A 1

‘mlgratton but the ﬁshmg mortaltty gtven for age a
‘by:r N

N
1] acly-1 | M
1.y— i1l T Fi ;
a,~l.y . l\N&” -, 5 J

For the Icelandic cod the estimated immigration of 6 years old-cod in the year 1990 is about 30 millions. at beginning of the
year, Thc total catch of 5 ycars old cod 1989 is esttmatcd about 50 millions, Thc' "corrccted" catch of 5 years old cod of

Pyt

) :tcelanmc 0[’131!] lrl 1963 Wlll mcn oe

 50-6"%30=168 millions .

which is the number used in the assessment,

3.3.6.3', . Estimates of ﬁshing-mor.taiityzr: .

Tuning fleets used and the relevant tuning indices are given in Tables 3.3.8.-3.3.10. As there has been a major decline in
fishing effort for this stock during the most recent period the XSA was shrunk to the mean of the three latest years instead of

) et
&0
o0
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using a default setting of five years. The retrospective analysis for this XSA- with shrinkage: of 's.e.=.0.5 is given in Figure
3.3.4. The total output of the XSA is glven in Table 33.11.

The resulting fishing mortalities from the final XSA are given in Tablc 3.3. 12 and in Flgure 3. 3 7 A The fishmg mortahty

-teachied apeak in 1988 decreased in*1989 but:thenrrose to another peak in. 1993: Due 1o firther restriction of the cod quota
effort has dropped markedly in 1994 and again in 1995. Fishing mortality has decreased comrespondingly and has not been
s0 low since the late sixties. A slight increase in fishing mortality is noted in 1997 (see Table 3.3.13). Present fishing
mortality is at the Fmed level.

-3.3.64 .. -Stock and recruitment estimates - .

* The resulting stock size in-numbers and spawning stock biomasses from the final VPA are givenin Tables 3.3.13-14..In the
“stock in' nutmbers table; the recruitment in the most recent- years (year classes 1994—1997 as 3—year-0]ds in 1997- 2000) was
estlmatcd usmg RCT3 as descnbed in Sectlon 3.3 8 3 P : . :

The current spaWning stock at spawning time and recruitment levels must be considered in relation to historical sizes. The
migration estimates of 39 and 7 million immigrants of the 1973 year class in 1980 and 1981, respectively are taken from the
ilast 1993 ADAPT-assessment (ICES 1993/Assess:18). With given migration estimates, the recruitment from the, SSB can-be
“recomputed: by adding back-calculated migration. The approach -taken here is 10.do these back-calcuiations with naturai
mortality only, since it would be incorrect to use the sometimes high nsmng mortaiities at iceland. This back caiculaiion
revises the 1973 and 1984 year class estimates to 433 and 334 millions, respectively. The resulting SSB and recruitment
. estimates are given in Table 3.3.15 along with average fishing mortalities. A better estimate might be obtained by back
calculatmg using the fishing mortality at Greenland also, but this is unlikely to have major effects on the issue at hand whlch

ig tha stanls sacmiitmant Adia am
13 Ll WU L il WAL SN ulu&lu 1ls

=~

e I 1
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7 Several unportant bm]oglcal interactions in the ecosystem around Iceland are connected to the cod stock. The smgle most

: lmportam interaction is the cod- capehn connection (Palsson, 1981) and this has been studied in some. detail (Magnusson and
‘Dﬁlcnnn 1020 and 19014 -:n]r'l Sieinarsson and Stefansson, 1001\ _Annther vrnnnrtant interaction is hetwpen cod and thlmn

P pILLS ) i B4 1]

;_Thls hnq hppn_ smdued b\.g Masmuqqnn and Pilsson ( iQth\ and Stefansson etal ( 1994) The cod-canehn mt_eractmn Is 'used
in the short-term nredlcnon in Section 3.3.8.5 based on the results in Steinarsson and Stefansson {1996).

. Various factors. affect the natural mortality of cod and several of these factors will change in magnitude in the future.
The cod is a cannibal and the mortahty through cannibalism has been estimated in Bjomsson (WD 26, 1998}, Table
3.3.16 shows that the cannibalism occur mainly on prerecruits and immature fish. Further, the ininke whale, the harbour
seal and the grey seal are apex predators, all of which consume cod to varymg degrecs Most of these M values will
affect cod at an early age, before recraitment to the fishery. : - s

It has been illustrated that not only may cetaceans have a considerable imipact dn future yields from cod in Division Va
(Stefinsson ef al,, 1995), but seals may have an even greater impact (Stefdnsson e al., 1997). These resulis imply that
predictions which do not take into account the possible effects of marine mammals may be too optimistic in terms of
long-term yields. It is therefore desirable to include marine mammals as a part of future natural mortality for the cod
stock. :

A number of flects opérate in Division Va. The primary gears are described in Section 3.3.3. Earlier work bjf- I.hiigr.oup
included the separation of catches into finer seasonal and areal splits, but this has not been taken further at this meeting, -

»'A numerical description of interactions. between :fisheries ‘and- species requires: data on iandings as well as, catches :in
numbers at age iof each species by gear type; region.and season. Such daia for cod .were available io ihe preseni meeiing,
consisting of catches at age in numbers by metier, i.e. gear, area and season for each of the years 1992—1997. The resulting
data were used to disaggregate fishing mortality by metier. For each fleet the fishing mortality vector was separated into an
overall fishing mortality, (Figure 3.3.2.) . ' ( o

- ONACFMWGREPSWWWWG\REFORTSYE 998\ REPOR T\REP.DOC

-
0
%



3.3.8 : .. . Prediction of catch and biomass

3.3.8.1 Input data to the short-term predicﬁon

‘For short term prechctmns, it is essentlal to take into: account potentlal changes in mean welghts at age due to
fenv1ronn1ental condrtrcms : ! : T B o

Table 3.3.17 gives the size of the estimated capelin stock each year. For both sets of weight data, the mean weight-at age
for most of the important ages is found to be significantly correlated with the weight of the same year class the year
before and the capelin biomass at:the beginning of the year..This holds for ages 4-8 in the catches and.ages 3-8 inthe
-spawning stock at spawning time.: Thus; these regressions are used to predict the mean weights at age for these age

groups for the years 1998-2000. The preliminary estimate of 1998 capelin biomass is about the 1997 level. For., 1999
onwards, the average capelin biomass is used. For ages 3 and 9-14 in both data sets and age 4 in the 85B, the average

.over the years 19951997 is used..

“In the most recent permd maturlty -at'age has been at hlgh levels compared to the years ;prior to 1992 (Flgure 3 3. 3)
Oily in 1996 did- maturity-at age: ‘decline. For the short-term- predictions:the average tor the years 19921997 has ‘been
used tur the years 1998 2()()(] - S el : s

'The exﬁilai}faﬁen 'patifern used for the Eshc‘n_'r-'te'rr'n_' predictions was taken as the average of the years 1995-1997 from the
VPA. frobi : i Pl i - : R .. T

3.3.8.2 Input data to the long-term prediction

For long-term predictions, fluctuating environmental conditions can be ignored, but it is essential to take into account
,potentlal changes due to densrty-dependent growth These have been investigated for this stock (Stemarssun dnd
* Stefansson, 1991 and ICES 199I/Assess 7Y where no mgmﬁeant dens:ty-dependent relationships were found concermng
. growth. However the resuits in Schopka (1994) eontam mmcanons of some density dependence of growm ana this wil

affect the long term resuns at low IlSIl]l‘lg mortaunes lms 'is not taken into account in lyplcal yleru-per-recruu

Ldlbuldll(}nb

Naturally, any stock—recrultment relatlonshlp w111 affect yleld-potennal calculanons and thls is not taken mto account in
the yleld -pet- recrult calculauons

1

PR R P T A i : i - o
Mean wei g'nt and maturity at age 'nave been predicied as the average over the years i976-1957.

The average explortatlon pattern over 1985—1990 has been used as input.

'3383 -?R'e'cruitmentuf: R S X C Lo by
The modified Delta-Gamma (D E) method (ICES 1994/Assess: 19) used for the analysrs of the Icelandu: Groundﬁsh
Survey and as tuning data for this stock was also used for recruitment prediction. The resulting indices used for
" recruitment predreuon are gnven in Table X 3 18 As an mput to the RCT3 pmgram age gmups 1-4 fromi the survey were
chosen. - : : Pl e v : R

The size of the year classés-1994—1997 has: been estimated usmg RCT3,-with- the ‘output as given in Table 3:3. 19 The
revnsed recrmtment esnmates ‘are then dlscounted wrth natural and nshmg mortalmes for use in the premcuons

‘3.‘3:8.4 ~*"Short te-rm'pr'edictian r’eSiiltS S

Inpuit to the projections is given in Table 3.3.20. Results from projections up to the year 2000 with different fishing
mortaiities are given in Tabie 3.3.21.

Landings in 1998 are expected to he 230 000 t due an increase in the quota established. This will however mean a
further decrease in fishing mortality to F=0.42 compared to F=0.48 in 1997,
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--ConUnumg ﬁshlng in 1999 at the 1997 lcvel of ﬁshmg mortahtv (F—O 48) will lead to an furthcr mcrease in SSB in th
short term.

The average size of the incoming year classes (1988 1995) is 137 mllllon 1nd1v1duals The yield-per-recruit
computations: mdlcate that the maximum obtamable yield per recruit'is just under 1.8 kg. These two numbers indicate
that the avcrage yleld from these year cIasses cannot be expected to exceed 246 000 t. :

. 3385 Lnng-term predlctlon results and blologlcal rel‘erence pomls

The yield-per-recruit curve based on the 1985-1990 exploitation pattern along with biological réference pomts is given
in Figure 3. 3.5 (Tables 3 3 22 23).

The biological reference -values: for Fy, and Fy, are 0.37 and 0.20 respectively.-Yield per recruit at the Fy.- level is
around 1.8 kg.

A plot of the spawning stock biomass and recruitment is given in Figure 3.3. 6 When .using the period 1955-1994, the
reference Domts Fiea and Fiygp are about 0.48 and i, 77, respectively.

The inchision of the stock recruitment relationship has a major effect. on long-teym predictions, From: F'gure 2.3.6 it is
seen that below-median recruitment. occurs more frcquen_tly when the:SSB is below~med1an than when the:SSB is above
the median. The increased probability of poor recruitment at low SSB levels is of major concern and the. possibility of a
stock-recruitment relationship cannot be fully ignored. The estimated B, for this stock is. 300 000t. The time series
shows that the five poorest year classes ever have been generated in years when the spawning stock was lower than
300 000 t.:Corresponding fishing, mortality Fy,,=0.4. The expccted ﬁshmg mortahty in 1998 is F=0 42 “The lowest

observed spawnmg ‘stock sizeé 6f 200000 t has been setas a By, -
339 Management considerations

In the most recent period, there has been a substantial reduction in fishing effort directed on cod (Table 3.3.2) and hence
in fishing mortality (Figure 3.3.5). Fishing mortality was at the level of F=0.80-0.90 in 1992-1993 but dropped
considerably to F=0.44 in 1996. In 1997 it increased to F=0.48 which is at the F,.4 level.

In spite of poor recruitment in recent years the spawning stock has shown the first signs of recovery from the historical
low levels in most recent years. This is a result of the recent caich restrictions combined with an increase in maturity at
age.

Medjum-term predicl:ions have been carried out during previous meetings (Anon. 1995/Assess 19 Anon.
these stocks. Bascd on similar calculations, Iceland 1nl:r0duced a catch rule in 1995 which has been enforced since then.
According to this management scheme catches are limited to 25% of the fishable {4+) stock biomass calculated from the
average stock at 1% of January of the previous year and the coming fishing year. According to this management strategy

for the 1998/1999 fishing year the catch will be 250 000 t which corresponds to F=0.44.

Since there is an adopted slral"g" for harvesting the cod siock off Iceland, and ihis siraiegy appears sustainabie, there
was no reason to repeat the medium-term predictions at this meeting.

3.3.10 Comments on the assessment

There has been a considerable decline in fishing mortality on this siock in ike most recent period. This is verified in the
sharp drop of effort for all fleets engaged in the cod fisheries (Table 3.3.2).

All short-term results on the size of 85B depend heavily on the assumed development in maturity at age, which is
difficult to estimate or predict accurately. Variations in this biclogical parameter are indicated by the trends apparent in
Figure 3.3.3.

It is clear that the stock has been heavily overiished for a long time but now show the first signs of recovery which is
expected to continue under the newly adopted management scheme.
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“Conntry ™ - . 1984 1985 . 1986: - 1987 ‘1988 . 1989 - 1990
Belginm - 254 200 . 226 597 365 . .. 309 260
Faroe Islands 2,041 2,203 2,554 1,848 1,966 2,012 1,782
Iceland - 281,481 322,810 365,852 .389,808 375,741 353,985 333,348
Norway 90 46 1 4 4 3 .
.. UE{England . . . . 2 .. I . -, - - - -
Wales) I , C o | -
Total 283,868 325,267 368,633 392,257 378,076 356,300 335,350
WG estimate . - - _ _ . R _
Country 1991 1992 . .,1993 . 1994 - 1995. . 1996 1997 ..
Belgium . 54R 222 . 145 136 - - -
*Farpe Islands < 11323 RR3° . 664 754 739 . 599 S e
Tceland 306,697 266,662 251,170 177,919 168,685 181,052 200,600:% -1 i
‘;Nt‘)rwlay- . Dl b e ] g . . 4 7. .
UK (Engl.and” - 7 -7 ; . ] i ;
Total 308,568 267,767 251,979 178809 169428 181,656 200,600 & 5 Lo
WG estimate - - KRR N e L 203546 2

192

1997 as officially reported to ICES.

Tablé 3.3.1 Nominal ca.tch‘ ttdl.mles). of Co('i: in Division Va, by countries, 1984- s

1Y  Provisional..

%) Additional landings by Iceland of 2311, Faroes of 628 t and Norway of 7 t are included.
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Table 3.3.2. Cod at Iceland DlVlSlDl] Va. Landlngs (tonnes) cffort cpue and
percentage changes in effort. and cpuie in the period 1991-1997 (with 1991 as 100%).
Data are based on logbooks which have been mandatory in the fisheries since 1991.

Bottom trawi
R ' effort _ cpue )
Year Catch ‘gffort Yo cpue % changes
- changes o ' :
1991 175142 | 234946 | - 100 745 100
1992 131504 | 228196 | 97 576 77
1993 | 114587 | 182882 | 78 627 84
1994 66186- | 83975 | . 36 - 788 106
1995 60580 | 71202 30 851 114
1996 66867 | 67057 29 997 | 134,
1997 81202: | 74158 32 1095 | .. 147
Gillnet .
efiornt cpiie
Year Caich sffoit C % cpue % changes
1991 58948 1080 ' .1_05 56 100
1992 59712 | 984 93 61 109
1993 56701 1008 95 56 101
1994 39192 718 88 55, 98
1895 32308 437 41 74 133
1996 4i784 492 45 ) 153
1997 46742 | 483 | .. 46 97 174.
Long line '
B effort - - . cpue
Year Catch - effort "% | -cpue % changes
' o changes | -~ :
1991 44711 2006 - 100 22 100
1992 42301 2016 | - 100 21 .- 94
1993 47263 2224 111 21 -~ .85
1994 36426 | 1652 | .82 .22 - 99
1995 44588 1724 86 26 | 118
1996 39770 1478 | 74 27 21
1997 31278 824 LB 38 170

- GAAcim\WerepsiNwwg\Reports\1998\T332.Doc

193..



Table 3.3.3.

Marine Research Institute Sat May 2 12: 26 37 1998

virtual- Populatlon Analy51s
Final-vVPa . -

D

Juvenile

Adult
FriatLe iy

Sum 3- 3
Sum 4-14

Total

u
Ooo -1 G s WD

14

&
0

Juvenile

Adult

Sum 3~ 3
Sum 4-14

Total

104"

Wl W

1a78
5.99%9
16.287
43.931
17.626
.729
.119
.974d
148

-

.11%
.048
-015
.027
.317
.909
.999

[a Ry e e Ry J
Fh Lo

98.226

TMPAROOOC0C D

1985

tab O

95.040

101.497

log2
12.217
21.708
25.524

&l . da

11.413
10.073
8.304
2.006
0.257

0.046 .

0.032

[ B i ]
Veula

0.008
48.743
43.857
12.217
80.383
92.600

i979
7.188
2B.427
13.772
34.443
14.130

4.426-

1.432

104.405

1986
20.642
20.330

26.644

30.839

A1
J.J. LD

4.441

1.771 -

0.805
0.392
0.103
0.076
0.040
80.654

96.854
117.496

1993
20.500

33.078 -

15 _1495

s P -

13.28B1. ...

583

Catch in- numbers,

1580
4.348
28.530

32.500
15119 .

27090
. 7.847

Z2.228

118682

1987
11.002
62.130

21182

15,127

1€ raE
L3.033

4.159

1,463 -
0.592

;0253
.0.142
0.046
-0.058

4amm Aann

107 .528

29,931
11.002°

126.857

"137.859

1994

LIRS e

3

2
2.707
1.181
0.180
0.034
¢
0

n11
L

.013
45.914
46.634
20.500
72.048
92.548
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1981
2.118B
13.297
39.195

23.247 -
12,710
26.455
4.804
C1oETT
0.582 -
0.228
0.053
0.068
79.027 -
45407
2.118 -

122.231¢

124,434

1988
6,713
39.323

55:895 -

18.663

g aan

L R s

5.877

g.114

0.025

103,170

32.101

6.713

128.558

135.271°

1495
10.770

a4 o

3.103

16.R29

13.066

4,115

'13596‘f‘

0:313
0.184

G.156 :
0.141 ¢
0.n2a

Mewd s

0::008

21,953 .

34.357

-~ 104770 ¢
"45'.540!

56.310

1982

3.285
20.812
24.462
28.351

0.094
0,043
S 0.011
73:043
39449
3,285

S 109,207

112:.492

1989

. 2.605

27.983

- 50.059

31.455

6.010
0.881
0.225
0.107

0.086 !
0.038 .
0.005 :
82.565
38.804 |
2.605
“119.764

121.3%69

1996
5.360

‘14,856 -

7.377
12.315
9.436

0:837
0.208
0.076

{.065
0.055
0.005

31.824

20.964

5.360
47,4287

52,788

1,915
1,345 ¢ :
0.455 -
0.305 °
0.157 °

2.158 -

C @609

1
1

millions -

1983
3.554
10.910
24.305
18.944
17.382
8.381

n ncA
P v e

2.733
0.514
0.215
0.064
0.037

58.426

30.667

P ]

3.554
a5 . k309

B9 .093

1990
5.785
12.313

27.179

44.534
17.037

2.573

0322
0.118
0.050
0.015
0.020

ZC 114
# e R R R

45.441

5.785
04.770
10.555

1997

A A

.LCI @G

17.311
6.716
7.385

5.963~

1.148
0.493
0.126

U uzsg
0. 037
0.021
21,980
35.425
1.723

"55.6B2

3

57.405

3.Doc

15
8
7

0.
0.
0.
0.
.036

0

65.
26,

6.
B5.
92.

cn
=AY

1984
6.
31.
19.
.326 -
.082
.338

750
553
420 .

can
[sRe LV}

512
538
195
090

651
867

750
T6R

518

1991
8.
25.
15.
21.
25.
6.
0y
D.
D.
0.
0.
0.

554
131
491
514
03s
364

903~

243
125
463
011
012

203

43 .

8.
94;
103,

166
554
895

449




““Table 3.3:4. Cod st Ice
spawning.

Age PropF PropM
0.085 0.250
0.1380 0.25Q
G.248 0.250
n._296 8.250

. 0.250
0.437 0.25¢
0.477 0.250

10 0.477 0.250

11 0.477 0.250

12 ¢.477 0.25Q

13 0.477 0.250

14 0.477 0.250

W oo~ dn ks w
o
[FS]
[»=]
]

Table 3.3.5. Cod-at Iceland. Division Va. Mean weight at age in the landings (g).

Marine Research Institute Sat May - 2 12:26:36 1598 .
Virtual Population Ahalysis : Welght at age in the catches, in grams .

Age 1578 71979 1980 1981 1982 1983 1984
3 1289 k408 .. 1392 - 1180 1006 1095 1288
4 1833 ' 1956 C1862 1651 1550 1589 . 1725
5 2929 72642 © 2733 - 2260 122486 2275 2596
6 3955 3999 3768 - 3293 - 3104 3021 3581
7 5726 ‘5548 © 525% 4483 4258 - 4096 . 4371
8 6806 " 6754 - 6981 + 5821 " 5386 ‘5481 ‘5798
9 9041 8299 ° 8037 7739 6682 7049 7456

10 10865 9312 110731 9422 - 9141 8128 9851
11 13068 - 13130 12301 11374 11963 11009 11052
12 11982 - 13418 17281 F 13784 14226 13972 14338

13 19062 13540 114893 "12514 17287 15882 15273
14 21284 - 20072 19069 18069 16550 18498 166560

Age 1985 - -19B6 -'-1987 - 1988 1989 1990 1991
3 1407 7 1459 71316 1438 1186 © 1290 1309

4 1571 1961 L .1956 0 1BOS - 1813 1704 “1899

5 2576 - 2B44 L2686 - 257h 2590 2383 2475

A 3850 03593 - .3g94 -7 3R19 “2018 3024 - 3159

7 4976 1-=4635 4716 - 4930 5210 4624 3792

8 6372 .5 6155 6257 6001 ‘6892 6521 : 5680

g 8207 .. -7503 7368 - Fl44 . 8038 8888 7242
10 10320 - ‘90B4 9243 L B822 . 19831 10552 9804
11 12197 ¢ .10356 10697 - 9977 11986 10993 5754

12 14683 15283 = 10622 ©11732 10003 14570 14344
13 16175 14540 -158%4 14156 12611 - 15732 114172

14 19050 15017 12582 -1:3042 15045 172380 - 20200
Age 1592 ‘1993 1994 <. 1995 - 21998 1597 1998
3 izge 1392 - 1443 © 1348 -1457 1484 - 1430
4 1768 1887 2063 18958 1930 1877 1967
5 2469 2772 7 2862 . 2920 "3132 2878 - 2766
& 3292 . 3762 3859 - 3625 4141 4028 3910
7 4394 - '4930 . 1-5117 - 5176 4922 5402 5354
8 5582 ‘6054 ©g262 7 G4ls G600% 6386 . 8603
g 6830 7450 - - 7718 ¢ 7916 7406 - 7244 7555
10 B127 B641 8896 10273 9772 8537 9527

11 12679 - 10901 10847 - -1l022 10539 10797 -10786
12 13410 12517 . 12874 ‘11407 13503 11533 12148
i3 15715 = 14742 - 14742 13058 13689 10428 12405
14 11267 - 16874 17470 15182 16194 12788 ‘14751

11 ™ .
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Tahble 3.3.4. Cod at Iceland. Division: Va. Proportion of fishing and natural mortality before
spawning. .

Age PropPF PropM
3 0.085 a.250
4 (0.180 0.250
5 0.248 g.250
5 0.23%¢ 0.25¢
7 0.382 0.250
8 0.437 0.250-
9 0.477 0.250

10 0.477 0.250
11 0.477 0.250
12 0.477 0.250
13 0.477 0.250
i4 §.477 0.250

Table 3.3.5. Cod at Iceland. Division Va. Mean weight at age in the landings (g).

Marine Research Institute Sat May 2. .12:26:36 19948
Virtual Population Analysis : Weight at age in the catches, in grams
Final-VPA
Age - 1978 1979 c198B0 1981 1982 1983 1984
3 1289 © 1408 oo1392 11890 1008 - 1095 1288
4 1833 1956 .- 1862 1651 1550 - 1599 1725
5 2929 o 2642 2733 2260 2246 - 2275 2596
6 3955 3999 3768 3293 3104 3021 2 3581
7 57Z4 .. 5548 .. :525% 44383 - 4258 4096 4371
8 6806 6754 6981 . 5821 - 386 5481 5798
9 9041 ‘8299 8037 7739 -1 6682 7049 . 7456
10 10865 ¢ .8312 10731 - 9422 © 9141 © BLZd 9851
11 13068 13130 - 12301 11374 111963 --1100% 11052
12 11982 13418 © 172R1 - 12784 14226 13972 14338

13 130662 13540 14893 12514 17287 15882 15273
14 21284 20072 19069 ‘19069 16590 18498 16660

Age 1985 - 1586 1987 15488 1989 1990 1991
3 1407 1459 . 1316 1438 i 1186 . 1290¢ - 1309
4 1971 1961 . -1956 1805 ..1813 . 1704 - 1899
5 2576 - 2B44 . 2a6B6 2578 " 2590 (2383 2475
& 3650 2593 --3884 3519 . 3915 . 3034 3158
7 4976 4635 4716 4930 5210 - 4624 3792
8 6372 6155 © 6257 6001 , 6892 ©.6521 5680
9 8207 ~7503 ~T7368 7144 . 8035 - 8888 7242

10 10320 2084 - .8243 i 8B22 o 9831 - 10592 9804
11 12197 :10356 :10697 9977  r'11%86 - 10993 . 9754
12 14683 - 15283 . 10622 11732 10003 . 14570 14344
13 16175 14540 .'15894 - 14156 12611 - 15732 14172
14 13058 15017 . 12592 12042 . 16045 - 17290 ;20200

Age 1392 1893 ©.-1994 1995 1996 - 1997 1998
3 1289 1 1392 L.1443 1348 .-1487 .. 1484 1430
4 1768 ©.1887 2083 © 71959 - 1930 . . 1877 1987
5 2469 2772 2562 2920 0 3132 2878 2768
6 3292 - 3762 3659 ©3625 0 4141 - ¢ 4028 3910
7 4394 4930 ©.5117 5176 4922 ©-5402 -~ 5354
8 5582 a(54 6262 8416 -~ 6008 - 8386 © 6602
9 68320 77450 sorle 7916 .. 7406 - 7344 - 15585

10 - B127 B641 .-BBI6 10273 .- 9772 . 8537 .. 9527

11 12679  :10901 10847 . 11022 710539 =10797 ‘10786
12 13419 P 22517 712874 11407 013503 11533 112148
13 15715 14742 714742 13098 13689 +10428 - - 12405
14 11267 16874 217470 15182 . 16194 12788 14751

196 OA\AcTy vl‘r_"i'C'I‘IS,\\Pw"v'v"vVg‘uD\e"cr'-ﬂ\-1=998\-‘T.334—5 Do
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Table 3.3.6. Cod at Iceland. D ‘Va, Mean wejsht at age in

Marine Research Institute Sat May- 2 12:26:36 1398 :
Virtual Population Analysis : Weight at age in the S$5B, in grams:

Final-VPa

e 1978 --<'-1g7e 1980 -Uw19R3 1982 1983 - T19R4

3 1031 1141 ©1333 Y00 987 " 996 891 V1002 S

4 1671 1647 - 1680 - 1513 ‘1626 - 1472 11478 00

5 2863 2532 2708 4 2101 2095 2139 2257 -

6 3920 4027 - 3875 - 3325 3006 2018 3476
7 5976 - 5664 - 5446 ‘4520 4339 ‘4130 4480
8 6946 - 6951 7106 5851 5571 5553 5887
g 9204 ‘8234 8120 7661 6801 7007 7660
10 1pe33 ¢ YesQp 10737 0 9084 9259 7770 18520

11 12920 " - 12921 ~+12628 10833 - 11550 16817 11035 "
12 12863 13028 117528 - 12401 13445 © 13176 14531 :
13 19104 - -13308 15939 ° 11724 17138 - 14175 15378
14 21183 18930 125212 ¢ 14326 ‘16554 - 18543 16394

Age 1985 1986 © 1987 - 1988 1989 1990 - 1991
3 1131 1182 ¢ 1289 - 1218 101z 813 1122
4 1557 1782 igll 1604 1542 1330 177§
5 2285 -- 2681 2735 . 02499 - 2423 2132 2233
6 3524 - 3562 4202 73566 3743 0 3187 7 3044
7 5010 4824 5110 - 5161 5298 - 4691 31891
8 6155 6457 6497 - ‘6238 6910 - 8627 5897
9 7800 ' 77843 - 7802 7302 7725 - 8915 " 7857

10 9225 7 941% 10220 - B647 2397 10362 10573
11 11336 10674 - 11197 10184 11953 12093 11230
12 13277 13680 10620 11504 5528 15453 14340
13 15325 13812 - 158931 (714159 12195 ©15337 14172

14 18932 ~ '1B47% 16514 - 10952 14270 17257 - 20200

Age 1992 1993 ° 1394 1995 1996 1997 1998
3 876 - 1037 ' 1193 - 1066 ‘1264 1221 - 1184

4 1389 - 1570 - 1748 - 1B26 1627 1613 - 1689

5 2174 - 2518 - 2382 - 2735 2600 2595 7 2524

8 3185 3611 - 3684 3497 3828 3807 3808

7 4481 - 4872 ¢ B17E 4741 4605 5434 5215

B 5587 - 6150 - 6210 6126 ' 5792 6440 5720

9 6775 - 7538 S 7676 7582 - 7550 7629 7587
10 8225 840 - 8B14 9887 9433 B606 9309

11 11702 - 11088 10842 10829 11293 10486 - 10869
12 13474 12002 - 112595 - 11307 12984 11774 12022
13 15436 14402 © 14402 13098 ~ 13821 10843 12621
14 11267 18383 - 17470 1518z - 16194 13225 15534

o 197



Table 3.3.7. Cod at Iceland. Division Ya. Sexual maturity at age..

Marine Research Institute Sat May: 2 12:26:36 1998
Virtual Population Analysis Sexual matur:.ty at age in the stock
Final-VPA

Age 1978 . 1979 1980 .1981  ,,;.-1982 . 1983 1984
3 0.049  0.000 0.056 0.000 - ,0.023 g.000  .0.000
4 0.050 -0.01% - §.023 0:029 0.051 0.087 0,043
5 0.185 0.189 . ;165 0.085 -0.129 , 0:167 - 0.189
6 0.443 0,531 . 0.478 0.289  -0.226 0.338 -.0.416
7 0.877 . .0.793 ., 0.807 . 0.659 :0.544 .0.515 . 0.656
8 0.962 - .0.929 - .0.915 0.890 - 0.849 . @.717 0.782
9 0,982 0.982 0.279 . 0.952 0,958 8.857 -¢.858

10 1.000 .-0.919 --0.977 0.962 . ,0.967 0:979 0.949
11 1.000 .-.1.000 1.000 0.988  1.000 . -0.985 0.962
12 1.000 .1.000 . 0.964 1.000  1:000 1.000 0.948
13 1.000 - :1.000 . 1,000 . 1,000 -1.Q00 1.000 1.000
14 1.000 .:c1.000 - 1.000 :-1.000 . ~1.000 1.000 1.600

Age 1985 .- -1986. ,; ‘1987 . - 1988 . 1989 . - 1990 1991
3 0.027 . .0.005 4.620 4,038 0.000 . 0,000 0.000
4 4.058 £0:054 ... 0.046 0.020 ., 0.044 ‘0:075 0:063
5 0.202 . 0:244 - 0.238  -0:;206 -.0.226 0.303 0.214"
& 0.548 . .0.543 - 0.585 0.477 0.550 0.633 . 0.543
7 0.774 . 0:762 - 0.808 0.650 0,820 - 0.819 . 0.781
8 0.903 0.891 - 0.942 0.831 . .0.858 . ©:912 - 0.887
9 0.938 0.981 0.952 0.929 0.887 - 0.953 0.945

10 1.000 0.962 .1.000 .0.946 '0.991 0.986 0.842
it 1.000 0.%88 ..0,979 6,974 -, 1.000 i.000 i.000
12 1.000 1.000 1.000 0.821 - 0.903 1.000 1,000 :
13 1.000 1.000 1.000 1,000 . 0.859 - 1.000 1.000 i
14 1.000 000 1.000 1.000 -.1.000 | 1.000 1.000 -,

Age 1992 ;. 1993 1994 1995 1996 . 1997 1998
3 0.072 0,078  0.096 0.043 0.078 . 0.073 - 0.074
4 0.225 .0.246 0.281 0.394 ..0:097 0.305 . 0.265
5 0.562 0470 0.570 0,729 ¢ 0.51i2 ¢4.502 - 0.557
3 0.706 0.714 0.796 . - 0.B849 0.742 . . 0.740 0.768
7 0.906 - 0.939 0..895 0.B53 . 0.862 . 0.880 - 0.B86
8 0.961 ..0.984 0.919 0.954 . 0.911 0,922 --0.938
9 0.977 0,973 -+ 1.000 1.000 --0.841 ~ 0.971 0.957

10 1.000 . :0.968 0.852 1.000 . 1.000 . 0.932 - 0.950
11 1.000 :1.000 0.985 . -1.000 . 1.000 - -1.000 .0.997
12 1.000  -1.000 1,000 1.000 .~ 0.986 - 0.913 0.962
13 1.¢00 - .1.d00 1.000 1.900 9,971 . 1.000 - 0.994
14 1.000 1.000 1.000 1.000 1.000 . 1.000 1.000
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1997 used in XSA tuning. i

TRAW!L-JUN-DEC-N

Year/Age 4 5 B
1992 867 1058 - 461
1993 1343 620 473
1994 2703 1466 . 302
1995 946 . 1883 . 1482
1996 i868 ;. 1231 .. .1386
1997 - 3663 .: 2134 . 454

TRAWL-JAN-MAY-N

Year/Age 4 - 5 6
1992 579 1219 - 813
1993 1602 =~ 993 - 815
1994 1334 1705 623
1995 47 2339 1637
1996 2357 871 1589
1997 1631 1977 804

TRAWL-JAN-MAY-S

Year/Age 8 7 8
1992 470 530 693
1993 375 62 106
1994 507 192 37
1995 1126 463 72
1908 718 508 105
1097 e 474 310

Table 3.3.9. Cod at Iceland. Division V

used in XSA funing

GILLNET-JAN-MAY-S

Year/Age 6 7 8
1992 145 366 683
1993 188 165 211
1994 245 296 135
1995 418 422 214
1996 483 509 232
1997 399 968 708

.0\ Ae fm\Worpm\N’wm

L BEFepeuN

=

353

185
139
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“Table 3:3.8: Cod at Iceland. Dwnswn Va. Bottom trawl CPUE (GLM) mdnces 1992—
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Fable-3.3.10a; Cod at Iceland. Division Va. Icelandic. Groundfish survey 1ndlces

used in XSA tuning.
MeGFS N

UD

- -2
Py

= -Fi
o -
wou

1
1

[
[4-]

55261
22540
77227
92490
. 60113
8272
22262
13601
31684
18211
4301
19228
48173
1 13859
lceGFS. aBonaB N
1985 1887

—_ =k L A ol b —h ek ek b ek ok b

4 .~ A=

i 0.17 0.25
(s
J

¢ -

-y

31297
84656
99294
68604
17511
19408
15633
30540
26030
5558
17477
37466
1 11969
lceGFS. a2 on a3. N.
1986 1997
11017 0.25
33

e e - Yt N S R

- 48059
18404

16257

"~ 49378

45566

15722
C.g102

9542

9441

13369
11353
6083

) _--:_23365
. 48786

13027 6211 1990
17203 4864 1388
7551 7364 1453
5573 2006 2306
18693 1665 545
18464 ‘6501 456
8772 9355 1242
2499 2303 1347
5124 1100 672
2675 1550 263
7088 1330 417
6923 5599 1160
. 5898 . . 5422 3004
20710 5656 28086

- DA\ ACEm\W greps\Nwwg\Reports\1 998\T3310a. Doc




™

Table 3.3.10]) Ctd. Cod at Iceland. Division Va. Icelandic Groundfish survey

indices used in XSA tuning.
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Table 3.3:11. Cod ot Jeeland. Division Vi X5A diagnostic ootpul -

Lowestoft VPA Version 3.1
20511998 14:54
Extended Survivors Analysis
. "WCEL ANDIE COD (Div, Va); data from 197
CPU'EIdnla from file codvates.dat

Calch data for 14 years. 1984 10 1997, Ages 3to 14,

Flest First, Last First  Last

year - - year age. - age
leeGFS. N, 1984 3 8
IceGFS, ad on a3, N 985 3 3
iceGrS. aZ onad, H. 1586 2 2
leeGFS. 5E 1984 . 3. ]
IeeiFS, 5W, DR 3 8
lceGFS. a3 on a3, SW 1985 3 3
TRAWL-JUN-DEC-N 1992 L 4 8
TRAWL-JAN-MAY-N 1992 - 4 8
TRAWL-JAN-MAY-S 1992. - 5 9
GILLNET-TAN-MAY-5 1992 1997 5 9
‘lime-sgries weighs :
Tapered time weighting applied
Power= Jover 20 years
Catchability analyais
£
Regression type =C
Minimum of 3 points used for regression :
Survivar gsiimales shrunk to the popalation mean for apes < 3
Calchability independent of age ot ages >= 11
Teiminal population estimation
Survivor estimates shrnk towards the mean F
of the final 3 years or the 4 oldest ages.
S.E. of the miean 1o which the estimates are shrunk = 500~
Minimurn Standard-error far popalation .
asiimates derived fram each flest = 3060
Priar weighting not applied
Tuning converged afler 3] iterations
1
Regrassion welghis
0.751 0.82 0.877 0.921
Fishing mortalities
Apge 1988 198% 199¢ 1991
3 0.045 0.035 {049 0.096
4 {.218 0.264 023 .31
5 {505 0138 0444 N 508
6 0.838 0.6 0.638 0.776
7 0.953 0,716 0.786 0948
B 14 0.878 0.817 0,787
g 1L.119- 0.819 079 0.78
10 0983 0.547 0.835 0.3%4

11 1.035 0.653 0.629 0.965
12 0.899 0.98 Q.75 0.346

13 2,335 0.564 0.438
L4 1.33 0.693 0.668

1
XSA population numbers (Thousands}

202

0357
07

Alpha Beta
099 1
.17 0.25
o7 025
099 1
0.99 1
0.t7 025
0.58 1

0- 0.58

0. 0.58

D 0.58
0.954 0.976
1992 1993
077 {147
0.373 4.308
A3 na4g
0.894 0.776
1.ii 3.308
Lo 1.161
0.618 1235
0,529 0953
0.398 ‘0909
0.71 0.582
G264 0.569
479 0,763

0.9%

1954

0.089
0.259
0.304
0.437

042

0.76
0.858
0.818
0.629
0.678
0.715
Q715

(295

0.074
0.134
0.289

0.34

A ana
U,

0.511
0.425
G713
0.645

0.76

E21
0.837

'+ -.x-- phacimiwEreps\nwwgireports\1998\T331 1Lxls

1996

0.029
{139
6.222
0.356

noaa
LHE L1

0.541
0.536
0.562
0744
0.617
0.782
0.684

1997

0.022
0.115
0.237

0.324 ¢

0TS
Q376

0.559

0.628

0767

0.817
0.688
0.001
0.803

3




. AGE .
YEAR 3 4 5 G

1988 1.70E+05 -2.22B+05 1.56E+05 3.63E+04
1939 839E+04 L33E+05 1.46E+05 7.70E+04

1990 1.34E+05 - 6,64E+04 B.39E404 1.04E405 3.46E+04  5.09E+H3

001 10IEL0E I QATLAE 4 3IEAnd 4 ATE.nd
1291 1LO3E+05 L.O4E+05 4.32E+4 441E+(4

1992 LEIE+H0S 7.70E+04 6.25E+04 2.13E+04
1993 L66E+H0S L38E+05 4.34E+04 272E-HM
1954 S.0LE+04 L17E+05 8.30B+04 L 1AE+D4

1995 1.G7E405 6.00E+04 TAOE+M 501E+04 1,15E+04 4.41E+03 9.99E+02

1996  2.10E+05 1.27E+05 4.00E+M 4.54EHM 2.92E+04 S.TIE+D3 2.17E+03
1997 8.59E+04 |.67E+05 DQ.06E+M 2.6IEHM 2.60E+04 1.F4EHM 2.72E+03

Estimated population abundance at 15¢ Jan 1998

DI+ 5.6iE+04 1408403 G.I1ZE+HM
Taper welghted geometric mean of the YPA populations:

L45SE+)5 1.19E+05 7.39E+04 399E+4

Standard error of the weighted Log{VPA populations) :

0432 04263 04293 04915

AGE

]
b

1
H

w

14
i3

1988 1.39E+02 3.76E+01
1989 9 ME+01L L1IE+HNM
1990 4.67E+0L 4.54E+01
1991 4.05E+01 2.47E401
1992 428E+01 2.32E+01
1993 2.80E+01 - 2.69E+D1
1994 3.89E+01 1.30E+D1
1995 4.57E+0L 1.56E+D
1950 1i2E+0Z2 1.1ZE+DF

1967  6,89E+0L 4.20E+D1
Estimated papulation abundanee a1 15t Jan 1998
2.56E+01 2.29E+01
‘Taper weighted geometric mean of the VPA populations:
6.97E+01 1.91E+0t

Standard error of the welghted Log(YPA populations) :

0.6779  0.7949

1

Lag catchability residuals.

Fieet ; feeliFs. N,

Ape 1984 1985 1986 1987
3 i34 -042 038 0.72
4 0.59 0.23 .06 937
5 0.4 0.3 0.27 0.2
3 0.51 0.16 0.32 0.27
ki 0.44 0.18 033 .62
g 0,78 .15 038 428
% No data for this fleet at this age

Age 1948 1989 1990 19491
3 Q.79 . -0.49 045 -0.14
4 038 .15 -0.13 -0.36
5 0.26 -0.06 006 -0.47
] -0.4 -0.02 gt -0.33
7 045 -5.47 0.4 UAZ
B 0.57 0.2 -0.45 =111
9 No dala for this fleet at this age

Mean log catchability and standard ecrar of ages with carchability
independent of year class serengih and constant wort fime

Age 5 3 7 8
Mean Log g -LATRZ 16535 19463 14051
S.E(Log q) 03341 03421 0315 0.5303

T 3 9 14 L
LISE+04 B.62E+03 22IE+03 BME+02 5.23E+02
LIDE+04 3.62E+03 1.74E+03 5.90E+02 2.46E+)2

1L.23E+03 6.28E+02 1.79E+02

452E+04 L29E+04 1.34E+03 4.58E+02 2.23E+402

LECE+04 | 43E+04 4.BIE+03 6.9IE+02 LS5SE+02

7.15E+03 4.48E+03 4.32E+03 2,12E+(3 3.33E+D2

102E+04 2.61E+03 L1SE+03 1 00E+03 6. T0FR+01

399E+02 3.63E+02

S35E402  ESOE402

1.02E+03 249E+2

LMEHM 1.4TE+)4 7.25E+03 1.17B+03 3.36E+D2

LEZE+D4 6.87E403 2.2BE+03 B.43EHIZ 3.42BE+02

0.561 0.5847 05528 0.5459 0.59

1992 1993 1994 1995 1996

0.12 -0.27 -1.05 -0.3 035

Y] -3 .35 ~038 a1y

.01 -042 -0 28 -02 0le

22 -0.24 .51 0.16 0.08

.04 ~0.33 AhdZ 035 Q.31

LIS 048 154 015 -0.37
hacfimwgrepsinwwghrepons\ 1998\ T331 1 xls

12

2.92E402
1.52E+02
1.05E+02

LLiCHUIL
6.96E401
8.51EHH
1.10F+02
2936402
1.56E+02
6226401

L51E+H2

0.6638

.61
.64
0.62
.27
044

203



Regression statistics ©

Ages with g dependent on year class strength

Ao
A

3 0.56 271 al6:

4 0.65 263 5060 0.86

Ages with g independent of year class stength and constant wer.t. time.

Age Slope t-value Inerdept  RSquiire

[y

0.75 1.451 4.06 0.78

0.63 U807 3 - @375

093 0.271 2.38 0.59

@
7
- 8
L

Ape . : 1984 1983 1986 i987
2999 .25 0.41 0.74

Mo data for this flect at this ape

No data for this fleet at this age

Mo data for this flect at this age

No data for this fleet at this age

Nao data for this fleet at this ape

No data for this Rect at this age

U-N- RN L )

Age 1988 1989 1990 1991
0.88 0.22 -0.14 -0.09

Mo data for this fleet a8 this age

No data for this fleet at this age

Mo data or this Beet at this age

No data for this fleet a1 this age

No data for this [leet at this age

W B Pialats Clema e b o
w0 O&la 10T Uits LISET Al Uil 4ge

NI 20 -2 ChoLh R W

Regression statistics
Ages with q dependent on year class strength
Age Slape. t-valuz Intercept  RSquare

3 0.63 2029 5.49 077

Fleet : keGFS. a2 on a3, N,

Ape 1984 1985 1986 Lo87
Pt 37 .31 0.78

o data for this fleet at this age

No data for this fleet at this age

Mo data for this feet at this age

No data for Lhis {leel at this age

No data for Lbis fleet at this age

Nao data for tis fleet at this age

W oo =) o

Age 1933 1989 1990 1991
0.58 -0.21 0.2} C 03

MNe data for this fleet st this age

Mo data Jor this fleet 4t this age

Mo data for this flest at this age

Mo data for this fleet ot this age

No data for this fleet at this age

No data for this flet al this age

2O W LA B

Repression statistics :

204

D.8% 0.586 283 074

NoPbs

1992
0.0l

No Pts

13

1992
7006

‘14
S

Reg

Reg

o MMaan Tono e
sz MesanLogg
0yl -15e
018 -1.53
e Mean 3
0.24 -1.68
03 L85
035 - -195

0.51 -2:41

1993 £994 1985
-0.04 -0.87 .46

se Meanlogg

0.25 -1.74
' 1993 1994 19ys
07 L1 ‘aa

wphreponst I 99ET331 1.x1s

1996
006

1896
046

1957
0.19

1997
064

Y




-

Ages with g dependent on year class strength
Age Slope L-value Imercept R3quare

3 0.54- 2973 6.81 0.83

Fleer: IceGF5. SE

Age 1984 1985 1936 1987
3 -0.9 -0.28 4.57 1.38
4 -0.87 -0.07 -0.7 0.61
5 0.57 -0.04 .34 -0.22
G 0.27 -0.22 k5 019
7 13 -0.27 HL19 007
8 045 -0.21 D18 -0.54
9 Nu daia. fur ihis fleei ai this age

Age 1938 1982 1990 1991
3 1 -1.42 -L.58 -0.15
4 1.03 -0.7% 142 -0.29
5 1.03 011 .39 -0.21
& 032 037 -B18 027
7 0,46 0.09 -0.44 0.46
B .04 034 a -0.13
9 No data far this fleet at this age

Mean log caichability and standard error of ages with catchability
independent of year class sirength and constanl w.r.t. ime

Age 5 6 7 8
Mean Log g 4028 -33549 10491 -3.0393
5.E(Log q) 0.5283 03636 03749  0.5129

Apges with q dependent on year class strength

Ape Slope tvalue  Inercept RSquare
3 0.59 L.186 7.96 0.47
4 0.52 1.945 7.98 63

Apes with g independent of year ¢lass strength and constant Wk lime,

Ape Slape 1-value Intercept RSquare
.5 0.66 1.383 6.44 64

6 1.0t -3.02¢ i3 064
1 L1 -0.44 2.34 0.65
8 1.18 £.549 1,98 0.49
t

Fleet : IceGFS. SW.

Age 1984 1985 1986 1987
3 &34 0.6 -0.38 -025
4 .18 -0.28 -0.94 -0.13
5 -0.02 -026 -0.38 -0.59
] 018 -0.29 -0.32 -0.09
7 .05 -026 043 0.16
8 0.36 0.03 .47 -0.33
9 No data for this fleet at this age

Apge 1988 1989 1990 1991

.66 012 925 -0.47
0.39 0.52 0.3 -03

noan n et noea noaa
u.2F Gal ARG a7

3

4

5

[ -0.26 0.39 0.7 023
7 0.05 -0.07 ¢34 0.57
8 07 036 0.49 0.23
9 Mo data for this flaet at this age

No Pts Reg s.e

12 022
1992 1993
0.45 0.57
0.2 927

0.3 009 -
-0.54 L]
-0.27 .45
-0.35 003

MoPts® Regse

14 048
14 0.34

NoPis  Repse
14 0.34
14 0.39
14 0.43
14 0.63

1992 1993
0.27 05
0.03 -0.02
o808 -0.37

-0.33 -0.38

-0.407 -0.68

-0.06 -0.11

Mean Logq
-241
1934 1995
0.1 017
0.87 0,03
084 D26
043 LLE
036 061
0.38 03
Mean Log q
-5.25
-4.52
Mean Q
-4.03
-3.35
-3.05
-3.04
1994 1995
-0.05 0.28
031 0.1
522 G2z
-0.08 Q.46
-0.07 0.49
-1.07 027

Pireporis 19984T3311 xls

1996

-0.26

325

.16
-3.32

1997
.0.54 L

-0.03
EH
-0.09

.34

S e

=205



Mean log catchability and standard error of ages with catchability
independent of year class strenpth and canstant w.r.L time

Age 5 6 7 8
Mean Loz q -2.8736  -25105 24582 27541
5.E(Logq) 03402 03544 Q3668 04722
Regression statistics !

Apes with q dependent on year class sirength

Age Stope r-valne Iniercept  RSquare NoPis - Regse
3 0.85 0.577 496 0.63 14 .35

4 104 -0.12% 2.83 0.5% L4 0.38

Ages with q independent of year class suength and coastant w.r.1, tme:

NoPs . Regse

Ape Slope value Intercept RSq'um N
5 0.69 2047 542 083 14 0.21
£ 087 1854 518 -D.89 t4 &.t2
7 0.75. LBI13 4.3 0.83 14 .25
L] 037 1.226 4,16 0.75 B4 .35
L

Fleet : 1caGFS. a3 on ad. SW
Age ig84 iS85 1%
49.99 -0.83 -
No data for this fleet at this age
Mo data for this fleet at this ape
No dala for this fleet at this age
Na daia for this fleel at this age
No dala for this fleet at this age
No data for this fleet at this age

o

&
2%

o
——]

S
.

o
=

W oo~ R

Age 1988 1989 1990 1991 1992 1993

Mo data for this [eet at this age
No data for this fleet at this age
No data for this fleet at this age
No data for this Heet a1 this age
No data for this fleet ai this age

Rl dara faw thio Flaar ot rhio aga
Mo data forthis et ni iz age

AD OO BN R W

Regression staistics :
Ages wilh q dependent on year class sieength
Age Slope &-value Intercept RSquare NoPis  Regse

3 143 -0.093 4.53 04.57 13 041

Flegt : TRAWL-JUN-DEC-N

Ape 1988 989 1950 1991 1992 1593

Tio data for this fieet ai this age

3

4 29.29 99.92 99.99 99.99 -0.2 -0.39
5 99.99 99.99 949.99 99.99 o -0.27
L] 99.99 599.95 4599 99.99 0.33 0.0z
7 93.99 99,99 99.9% 20.99 0.46 0.43
g 99.99 9.99 .99.99 -99.99 36 .38
9 : I

No data for this fleet at this age

Mean log catchability and standard error of apes with cacchability
independent of year ¢lass strength and constanl w.r.t. time

-0.44 .14 -0.31 -0.05 -0.4% 054 :

Mean Log g

-3.7%
-314

.
|
ean G

H ]
287
151

.2.46
175

1994
017 .

Mean Log q

-4.73

0.43
-0.2
-047
-0.3%
028

- ofapfmiwgreps)

Zreposts\I99RT33 11 xis

1995
0.37

1995

-0.01
¢.i5

.18
.33

1996
0.32

0.1

Q.27
0.26

-0.03

1997

002

. 1997

0.27.

0.03

-0.32

D12




Age 3 ] 7 8
Mean Log g 34379 -33108  -3.2032  -3.3206
S.E(Log @) T 02049 03334 03603 0.297

Bagraceinn etadisticg :

Ages with q dependent on yéa.r class strength

Agé Slope {-vplue  Intercept RSquare
4 0.87 0.374 4.83 .69

Ages with g independent of vear class strenpth and constan w.r.L. lime.

Ase

SEC

1.07 0.212 201 0.7

.69 1.103 548 0.77

112 <1.568 1.9} 0.63
122 -0.95 212 0.82

s T

Fleet : TRAWL-JAN-MAY-N

Age 1938 198% 1990 1591
3 Nodata for this Oeet at this age
4 99,99 99.99 99.99 9099
5 99.99 99.99 99,99 999
] 99.99 9999 99.09 09.9%
7
B
El

o dara for this flee ar this age

Mean log caichability and standard error of ages with catchability
independent of year class sirength and constant w.r.L time

Age 5 6 7 8
Mean Log q -3.6292 -31336 <3343 3470V

S.E(Log g} Gledd D467 02616 0.4331

Represaion statistics :

Ages with q dependent on year class strength

Age Slope value Intercept  RSquare
4 0.3 2545 0.55 0.77

Ages with q independent of year ciass strength and constant w.L.L time.

Age Slope t-valuie  Intervept  RSquare
5 0.96 0.152 39 0.82
& 1.05 -0.222 191 0.85
T 0.94 0.29 e .84
] 101 -04038 341 0.72
1

ieel : TRAWL-JAN-MAY-3

Age 1988 1939 1990 1991
3 No dala for this fleet at this age
4 Nao data for this fleet at this age
5 No dala for this fleet at this age
0599 99.99 9990 99.99
99.9¢ 99,99 99.99 99.99

W O [+ o] 00 00 00 00

99.99 59.99 92.99 99.99

o~ O

Mo Pis

L= =

1992
(.08

a.27
[N 4

.45

Reg se

0.29

1393

. D5

N4
-0.57

Mean Log g

-3.84

0.47
-1
-0.14
nd

0.02

1995

-2.23
<031
-0.03
~0.02

0.52

No Pts Regse MeanLopq

[

Np Pts

o oSnooh Sn

1992

024
.56
g0

0.23

- ojacfm\wgrepsinwweireponts\ 1998\ 331 1513

024

Reg s

0.18
.17
0.27
0.49

1993

--0.26

. -0.82
021

0.37

=4:8L

Mean Q

-3.63
-3.24
+3.34
-348

1994

0.17

- =01
-nal .

-0.23

1995

.0
0.63

N1z

5999

1996

092
-0.1
0.04
-not
0.a7

1956

-0.23
-007

]

-0.54

1997

-.0.27

403
02

i

Q.7

20



Mean log caschability and standard error of ages with catchability
independent of year class strength and constant w.r., time

Age 6 7 8 g
Mean Log g -3.7555  -3.6467 -3.58B33  -3.7568
S.E{Log g) $#.2108 14,3345 H.4775 3.3758
Regression siatistics :

Apes with g independent of year class strength and constant w.r.L. lime.

Age Slope I-value Intercept RSguare No Pis
[ 1.28 -0.814 193 .69 [
7 0.8 0.5t7 4.82 0.64 6
8 07 1.543 51 0.88. 13
9 .68 1735 5.07 Q.93 ]
1

Flezt : GILLNET-TAN-MAY-S

Age 1988 198% 1590 1991 1992

3 No daa for this fleet at this age
4 Mo data for this fleel at this age
5 No data for this fleel at this apz

B O0S = h

Mean iog calchabitity and standard arror of apes with cawchability
independent of year class strength and consianl w.r.t. lime

Age a 7 8 2
Mean Log q -44614 33541 27984 -2.5968
§.E(Log q) 0.2586  (.2344 0.123  0.1938

Regression siatistics

Ape - Slope t-value Intercept RSquare No Pis
f 102 -0.228 395 0.64
7 117 -0.572 2.36 0.75
g Lo4 0421 2.57 0.97
9 LOL -0.058 2.55 0.92
]

Tarminal year survivor and F summaries ;
Age 3 Catchability dependent on age and year class strength

Year class = 1994

Flest E Int Ext Var N
8 se se Ratia

IceGFS. N. 68500 0.542 1] 0
IceGES. a3ana3. N 56990 DA83 0 iH
leeGFS, a2 on a3, N. 36094 0.573 0 0
IceGFS. SE 91552 0,864 .0 ‘o
IeeGFS. SW. 40127 0414 Q 0
IceGFS. a3 on a3. SW 67426 0393 13 0
TRAWL-TUUN-DEC-N 1 ] 1] a
TRAWL-TAN-MAY-N 1 0 ) 0
TRAWL-JAN-MAY-S | L] L] ]
CILILMET-JAMN-MAY-S 1 i o g

P shrinkage mean 113776 0.43

F shrinkage mean 23600 0.5

DO =

99.99 99.99 .99 99.99 -0.23
99.99 99.59 12.99 99.99 -0.06
99.49 99.99 92.99 99.99 0.09
9959 99499 a9 9999 -0.238

L= L= e

Reg s.e

1993

.24
~0:1
a1

Regse

0.3
036
0.14
G.22

Scaled
Weights
0l
0.i6
0.089
0.039
0.171
0.19

L=

(== =]

&.165

0.12

Mear Q

-3.74
-3.65
-3.58

-1.76

1994 1995

18 -0.17
0,08 0.28
-0l -0.03

] 002

Mean Q)

-4.46
-3¢
-1.8
-2.6

Estimated
0.023
G.027
1.042

208

S .
otacimywprep

1s\1908\TI3 11 x]s

.08
0.48

12

1997

&4
.27
-0.07




-~

‘Weighted prediction :

Survivors
a1 end of year

56080

Year class = 1993
Fleet

TeeGFS. M.

lceGFS. a3 onad. N
IcaGFS. al onad. M.
1ceGFS. SE

icaGES, 5W,

IceGFS. a3 on ad. SW
TRAWL-JUN-DEC-N
TRAWL-JAN-MAY-N
TRAWL-JAN-MAY-&
GILLNET-JAN-MAY-§

P shrinkage mean
F shrinkape mean
Weighted prediction :

Survivors

.atend of year

140031

Ini
se

017

S
206729
129535
192904
230475
119630
i79317
159251
160123

1

1
73878

69360

Imt
se

0.13

Ext
ae
0.19

Ent

5.8
{303
1.483
4.573
0.577
QI
0.393
4.329

L2329
&
¢

0.43

0.5

se
0.12

13

Ape 5 Calchability constant w.r.1. lime and dependent on ape

Year class = 1992
Flect

IceGFS. M.

lceGFS. alon a3 N
IceGFS. a2 on ad. N.
iweGFS, 88

leeGFS, SW,

YeGFS, a3 on a3, 3W
TRAWL-JUN-DEC-N
TRAWL-JAN-MAY-N
TRAWL-JAN-MAY-5
GILLNET-JAN-MAY-S

F shwinkape mean
Weighied pradiciion :
Survivbrs

atend af year
61214

E
S
80251
6776
43446
T4i34
55932
85074
56864
57198
i
1

49347

Im
5.2
b.1

Int

se
0.229
0484
0.574
G4
a7
9,393
0.222
0.292

=
iin

Ext
5.
007

Ape 6 Catchability constant w.x.t. time and dependent on age

Year class = 1991
Fleel

TceGF5. N.
TceGFS. a3 ona3d. N
[ceGFS. a2 on ad. N.

TeelIOR BT
eolrs. 58

[ceGFS. 5W.

IceGFS. a3 on a3, SW
TRAWL-JUN-DEC-N
TRAWL-JAN-MAY-N
TRAWL-JAN-MAY-S
GILLNET-TAN-MAY-8

F shrinkage mean
Weighied prediction :
Survivors

atend of year
’ 15409

E

5
17323
6639
5237

1£n04
LS08S

14554
L8891
§5635
13546
15440
23725

13144

e
0.08

Int

58
0.196
0485
0.576

nAaan
C.270

G119
0.365
0.192
0.2k

.3

05

se
0.07

Ext
se
0.305

T
QAT

0.072

0.187
a7

24

Var
Ratio
1079

Batio

o
€ n i
Soh

TS oD

Var
Ratip
0.907

Var
Ratio
1.05

T43

0.67

0.33
0.74

Var

0.712

Var
Rario
0.924

F
0.022
N Scale'!i Estimatgd
Weighs F
2 0177 C 007
1 0.068 0.109
1 044G 0474
2 DDAy 0063
2 0218 Gii7
1 0.103 0.08
1 D.151 0.089
1 0011 0.089
[ [ o
0 0 [
ot G184
0074 0.194
F
0.115
N Scaled  Estimaled
Weights  F
3 0.195 0.178
1 0.03% niss
1 0.027 0.308
3 5.065 0.151
3 0215 0.247
1 0.058 0.169
2 0.213 243
2 0.13 0.242
] 0 1]
1] 0 4]
ans7 0.1713
F
0237
N Scaled Estimated
Weighs F
4 0,16 0.303
1 0.019 0.65
1 0.014 0.77
] 0086 0321
4 0.166 0.349
1 0.029 0279
3 0.167 0.328
3 0.152 0.37
1 0.083 0.332
1 D.083 0228
0.041 038
F
0.324
oackm) Arww e s\ IOOBNTIAT Lxls
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Apge 7 Caichability constant w.r.1. time and dependent on age

Year class = 1990 _ Rt 1
Fleet E Int Ext Var N Scaled Estimatad
S se s.e Ratio . Weighls E
IceGES. N. X 146649 0.135 123 0.456 5 0.144 0.375 .
IceGES. a3 on . N 14025  0.489 0 0 1 0.01 0.39 oo L e e
IceGFS. aZ ona3. N. 17219 0.58 0 L] 1 0.007 0.326 C
IceGFS. SE 12096  0.236 0.17 072 5 0101 0415 Ca e e
TeeGFS, SW, 14071 0.18 0.154 0.86 5 0.149 0.38% ’ ’ r 1
IceGFS. a3 an ad. SW 25074 0397 0 o 1 .0016 . 0236 . ; e .
TRAWL-JUN-DEC-N L5858 0.18 0.163 08 4 0.15- 0332 - o ’ o
TRAWL-JAN-MAY-N 13394 0.178 4,094 0.53 4 0.176 ‘0.‘361 :
TRAWLJAM-MAY-S 11893 8.27 8.017 .06 2 8476 0.452
GILLNET-TAN-MAY-8 17582 0218 Q.004 0.43 2 0.129 0322 |
F shrikage mean 9403 s _ ' 0l 053 'j
Weighted prediction :
Survivors Im Exl N Var F
atend of year e 3.3 Ratio -
L4659 .07 005 31 0.635 0.376
1
Age § Catchability constant w.r.t. time and dependent an age
Year class = 1939
Fleet E Im Ext Var N Scaled Estimaied
5 se 5. Ratio Weights F .
IceGFS. M. 8171 0.135 3124 0.67 6 G121 0.507 v
JeeGFS. adonad. N 7281 0.495 0 0 1 0.007 0.554 i
leeGFS, a2 onad N, 6760 0.587 1] ] 1 0.005 0.587 e e R : ‘
TeeGFS. SE 8705 0226 §.161 871 & 4.094 0.482 ’
IeeGFS. SW, 8525 0.18 0.061 0.34 6 0.131 0473 e
IceGFS, ad on a3, SW 4438 0.402 [} 4} 1 0.011 0.7%6
TRAWL-JUN-DEC-N 6585 0.171 0.081 0.48 5 0.173. - 03589 . . i
TRAWL-JAN-MAY-N 7617 0.173 0.091 0.52 5 0,154 (].5,'56 ) =
TRAWL-JAN-MAY-S 1228 0,232 0.074 029 3 008 0.558 . v
GILLNET-JAN-MAY-S 5829 0.184 D124 0.68 3 -.171 . 9.655 )
F shrinkage mean 6431 05 DOS2 . D.609
Weighied prediciion :
Survivors Int Ext N Var F
atend of year 5.2 5.e Ratip
7255 007 0.04 38 0,575 0.359
Age 9 Carchahility consiant wr.l time and depandont on apa
Year ciass = 1988 i
Fleel E In Ext  Var N Scaled  Estimated : N , S N b
S sae 5.8 Ratio Weiphts F :
IceGES. N. . 1007 0.2 0.156 0.78 6 0.089 0.709
IceGES. a3 onad. N 1034 0.503 0 ] ] 0.004 0.672
IceGES. aZ ona3. N, 1601 0.597 q 0 i 14,003 0.5
IceGFS. SE 1196 0.236 0.304 £.28 6 0.073 0625
Ye2GES. W, 1145 0105 0.158 0.8L § 0.097 0645
IceGFS. a3 ona3. §W 1125 0.409 Q b 1 D.006 0.65 T S ‘
TRAWL-JUN-DEC-M (L HI) 0.182 0.076 042 3 0.133 D707 : w
TRAWL-TAN-MAY-N 168 0131  0.03%9 0.22 5 0118 0636 ] . et |
TRAWL-TJAN-MAY-S 1372 0.245 0122 0.5 4 0.129. 0.564 : .
GILLNET-JAN-MAY-5 1231 0.172 0.093 Q.54 3 0.265 D612
F shrinkage mean 1213 0.3 - 0083 ‘0'.6‘19
Weiphted prediction :
Survivors Int Ext N Var B e
at end of year se se . Ratie . '
1174 0.08 0.05 40 0.556 0.628 I
. . |
1
Age 10 Carchabilily conatant wert sime and dependend on age.
Year ciass = 1987
Fleet E It Exl  Var N Scaled  Esimaed . _ : , , I T .
5 se se Ratio Weighls 3
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1ceGFS, N. 332 0.23 007 047 6
¥eGFS, alonad. N 36 9.516 0 0 i
JceGFS. a2 on a3. M. 506 9.612 0 0 3
leeGFS. SE 468 0.261 0.128 0.49 6
IceGFS, SW. 394 0.224 0.106 .47 [
IceGFS. a3 on 23. 5W 282 0.419 0 0 1
TRAWT JUIN-DEC-N 139 0.214 0.157 74 4
TRAWL-JAN-MAY-N 53 0,202 D.127 063 4
TRAWL-JAN-MAY-5 256 $.262 0.056 .33 4
GILLNET-JAN-MAY-§ 360 0179 0.049 .28 4
F shrinkage. mean- 436 0.5
‘Weighled peediction :
Survivors Int Ext N Var F
atcad of yoar X sE Railo
385 011 04 k] 0,395 0.767
Agé 11 Catchability constant w.r.L. ime and dependent o age
" Yoar class = 1986
Fleet ) E Ini Ext Var N
5 se 8- Raiio
leeGFS, N, 60 0245 0058 024 [3
IceGFS. a3 on a3, N BN & ) 0.533 0 L) 1
1040F8 22 onpl, M, 73 06713 0 a !
o ™ 0277 0209 0.75 6
leeGFS. SW. 47 D.238 0.189 0.79 &
1ceGFS. a3 on a3. 5W 104 0.433 0 ¢ L
TRAWL-JUN-DEC-N 28 D.242 0198 0.82 3
TRAWL-JAN-MAY-N 80 0235 0.184 0.78 3
TRAWL-JAN-MAY-S 67" 031 0.263 0.85 3
GILLNET-JAN-MAY-5 E73 0.194 0.346 0.24 4
F shrinkage mean 17 0.5
Weighied prediction :
Survivars Int Ext N Var F
at end of year se EX] Ratio
Pt 0.18 0.06 35 0.341 0.817
1
Age 12 Catcliability constani w.oi. lime and age (fXed ai ihe value for age) 11
Year class = 1985
Fleet E Im Ext Var N
S se se Ratio
TeeGES. N, . 3t 0.266 0.138 0.52 6
IceGES. a3on a3. N 62 0.557 0 4] 1
TeeGGFS. aZ anad, N 46 0.661 o 0 1
IeeGFS, SE 24 03 0.127 0.42 6
ieGES, 3W. 7 0.25% 0,118 .46 6
IceGFS, a3 on a3, SW 16 0,453 1] 0 1
TRAWL-JUN-DEC-N 38 0.276 0.032 a.12 2
TRAWL-JAN-MAY-N 20 0.298 0.345 116 2
TRAWL-JAN-MAY-& 23 0,343 0.149 0.4 3
GILLNET-TAN-MAY-S 26 0.226 2.036 a.lé 3
F shrinkage mean 25 0.5
‘Weighted prediction :
Survivors Int Ext N Var F
aiend of year 5. 5.e Ratio
26 0.35 003 32 0.073 0.688
Apge 13 Catchability constant w.r1. time and age {fixed al the value for age) LI
Year class = 1984
Fleet E Im Exe Var N
S se s.e Ratio
IceGFS. N. 21 0.236 0.124 052 &
IceGES. a3ona3. N 44 059 b} 4] 1
TceGFS. a2 onad. M. 50 0.7 0 Q 1
IceGFS. SE 20 1279 n223 .32 8
IceGFS, SW. 30 0.231 0.145 .63 5
1ceGFS, al on a3, W 23 {43 i¥ [+] i
TRAWL-JUN-DEC-N 16 0.329 L] ] 1
TRAWL-JAN-MAY-N 5 0479 a 0 L
TRAWL-JAN-MAY-8 37 0354 02 0.56 2

Scaled _Estimated

Wweights
0.05%
0.062

Dol

0.053
0.066
0.003

009
D074
0.045
0.26Y

0.339

1.06
a.701
nos

it
1.238
0.739
0.832
0.885

0.406

0.679

Scated Estimated

Weiphts
0.02
9.001

{1.018
0023
0.001
031
021
0.062
(.132

&.69

0.603
0.344
0.721
.59
0932

051
0.829
0.752
0.678

0.692
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GILLNET-JAN-MAY-5 20 0.238 0.096 .4 2 0.048 076

F shrinkage mean 22 [ 53 0.881 0912
Weighted prediction :
Survivors Int Ext b4 Var F
at end of year 8. s.c Ratin
23 0.44 0.04 28 0033 0.901

I
Age 14 Cuchability consiant w.r.t. time and age (fixed at the value for age) 11

Yearclass = 1983

Fleet E Int Ext Var N Scaled Estimated

5 se se Ratio Weighis F

IoeGEE, M. 18 0.247 0,242 9% [ 0. 1.07
JeeGFS. a3onad. N - 23 0.635 0 0 L 0 602
IceGFS. aZ on ad. N. 21 0.753 0 Q L 0 0.645
IceGFS, SE ) 14 0.231 0.174 0.62 ] 0.002
TceGFS. SW. 20 0.241 0075 0.31 & 0011
1ceGFS. ad on a3. SW 14 0.516 [!] 0 L 0
TRAWL-JUN-DEC-N L 0 V] 9 [ 0
TRAWL-JAN-MAY-N L 7] V] 0 [i] 1]
TRAWL-JAN-MAY-5 12 0422 0 0 3 0014
GILLNET-JAN-MAY-S 12 0.307 0 a L -0.026

¥ shrinkage mean 15 0.3 0.929
Weighited prediction :
Survivors Int Ext N Var F
at end of year se 5. Ratio

15 0.46 0.03 4 006 0,505
1
212

< vo\defmiwgrepsinwwpirepoits\1 998\T33 L 1 xls




Table 3.3.12. Cod at Iceland. Division-Va. Fishing mortality. .-

Marine Research Institute Sat May 2 12:26:37 1998
Virtual Population Analysis : Fighing mertality

Final~VPA ‘

Age | 1978 L1979 ©.19840 1981 1982 © 1983 1984

3 ©.030 79,033 ‘0.034 0.016 5.027 C.017 -0.055

4 0.169 & 0.195 -0.176 10,137 0.221 0.12¢ . 0.211

5. 0.351 . 0.211 ~0.358 +.0.388 0.400 0.433 --0.323

6 0.333 .0.513 0.378 -70.470 0.541 0.622 . 0.539

7 0.494 . .0.487 0.442 - 0.63% 0.581 0.767 -0.598

B 0.660 <0.503 p.554 :0.839 1.045 0.852 0.900

9 0.505  .0.507 :D.514 :0.802 - 1.187 0.830 - 0.746

10 0.530 - .0.339 ~0.453 :.0.950 . 0.910 1.0B2 0.634

11 3.343 - 0.531 ‘0.425 ...0.%82 . 0.479 0.671 0.639

12 0.719 - 0.200 0.700 2 0.504 0.404 0.678 0.587

13 0.806 1:1.020 0.171 - 1.076 Q.417 0.533 0.685

14 0.580 :-0.519 0.453 - :0.943 . 0.&79 0.779 0.658

W.Av 5-10 0.372  --.0.403 0.404 :°0.529 0.582 0.609 0.479

Avye 5=10 0.479% = 0,427 .0.450 - 0.681 0.777 0.781 0.623

Age 1985 . 11986 1987 - 1988 1989 - 1890 - 1991

3 0.051 -0.070 ~p.045 0.045 - G.035 . -0.04% | 0.098

4 0.288 -~ 0.222 £.309 i0.222 0.266 - . 0.23r . 0.312

5 0.388 - 0.581 0.519 0.506 0.485% ‘0.446 : 0.507

6 0.572 +.0.697 0,785 0.838 - 0.601 :0.640 . 0.778

7 ¢.£83 0,883 0.975 $.853 0.727 . 0.785 0.g24¢

8 0.731 7 0.936 0.994 1.383  0.875 0.8186 0.786

9 0.802 - 0.80s 0.975 .- 1.112 0.820 0.7B7 :.0.779

16 Q.770 0.764 0.707 .. 0.987 ©0.546 0.836 -.0.872

11 0.613 “0.740 0.582 1.032 0.665 0,625 . -0.965

12 0.641 .0.672 0.665 0.905 0.975 0.772 0.830

13 0.711 -0.445 0.738 2.334 0.576 0.438 .-0.378

14 0.707 - 0.685 -0.734 1.274 0.716 0.692 - 0.765

W.Av 5-10 ¢.485 .0 5892 o.697 £.628 _0.544 8.55%7 .. 0.752

Ave 5-10 0.658 ‘0.778 0.826 0.565 . 0.6786 0.719 0.779
Age 1992 .::1993 1594 1995 . 1996 1997 1994-1997

3 0.078 70,147 . 0.08% 0.074 0.029 0.022 -:0.053

4 0.374 0.309 0.258 0.184 0.139 0.115 0.174

5 0.633 0,490 Tg.304 - 0,289 0,323 201237 01263

& 0.8%3 20 0.775 O D.4a37 $.341 ‘0.356 .0.324 . 0.365

7 1.109 - 0.807 0.642 - 0.503 “0.442 D.376 . 0.491

g 1.024 “1.1587 0.789 - 0.512 ::0.542 0.559 . 0.593

9 0.619 ~1.23¢ ~0.857 . 0.427 :0.558 0.628 | .0.617

ia 0.531 0.948 0.817 ~.0.713 .:0.564 0.767 . 0.715

11 0.3%2 - 0.905 . 0.626 0.646 ‘0744 0.B17 . 0.708

12 0.714 0.566 0.676  0.751 0.619 0.688 :0.684

13 0.351 - 0.577 “Q.676 1.178 0.762 0.5%01 0.879

14 0.523 . 0.B45 . 0.730G . 0.743 0.649 0.760 - 0.721

W.Av 5-10 0.790  O_AB2 0.377 0.334 0,345 D_314 © 0,343

Ave 5-10 0.801 0 0 0.482 - 0.507

.901 g.6836 ..0.464 .447
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Table 3.3.13. Cod at Iceland. Stock'in numbers (millions).

Marine Research Institute Sat May 2 12:26:37 1998
Virtual Population Analysis : Stock in numbers, millions
Final-VPa ’

Age 1378+~ 1879 1980 . 1881 . 1982 *1983

3 221.657 245.521 144.033 143.274 133.57% 226.323

4 114.957 176.061 194.5283 113.5%8 115.3%20 106.39¢

5 162.909 /79.448 1IB.551 133.%69 81.350 75.742

6 68.303 :93.925 52.650 167.877 174.178 44.652

7 24.515 740.087 83.048 29.534 -134.736 35.350

B 8.306 .12.250 20.159 50,702 .112.818 15.903

.9 2.700 S F.939 R 0685 9,481 17.940 3.687

10 0.925 "I1.335 :i1.942 2.870 . 3.480 4.482

11 0.450 +/0.446 0.778 .01l 0.940 1.147

iz 0.102 ¢ @.261 0.214 0.417 C0.310 0.476

13 0.030 = 0.041 0.175 0.087 +0.138 .0.170

14 0.067 7 G.011 0.012 0.121 +0.024 0.075
Juvenile 491.742 526.238B 477.619 450,104 383.309 444,542
Adult 114.180 127.086 144.537 102.936 . "91.570 69.860

Sum 23— 2 271 £EQ AL EA 144,033 143274 123 875 22/ .323

L S v ] LT T v L e == —-——— 22 =4

Sum 4-14 384.264 407.804 478.123 409.766 341.304 288.079

Tatal 605.922 653324 622.155 ©553.040 474.879 514.402
Age 1985 - /1986 - 71987 - 1988 1. 1989 1850

3 144.027 335.802 277.535 168.303 82.982 132.161

4 107.715 112.091 256.306 217.295 131.736 '65.588

5 120.678 166.117 73.476 154.009 142.515 B2.689

a 45.817 “67.037 30.253 -35.803 76.021 102,823

7 19.203 21 166 -27.345 11.312 12.684 34.108

8 §.835 7.941 . 7.168 B.435 . 3.570 5.021

9 - 4.471 ”:3.484 TiZ.551 2,172 1.714 1.218

140 2.156 . 1i.e42 - 1.273 < 0.7B8 . 0.585 0.618

11 0.517 ©.0.817 - 0.627 - 0.514 :..0.240 0.277

12 ¢.537 + 0.230 ~9.319 : 0.287 :10.150 -0.101

13 0.219 - 0.232 “0.096 - ©.134 °0.095 0.046

14 $.082  0.088 -0.%22 0 70,038 0,011 -0.g44
Juvenile 361.265 531.439 £07.835 515 B93 345.069 311.790
Adult 92.993 85.208 69.175 83.198 107.235 112.905

Sum 3- 3 144.027 '335.802 277:535 168.304 i82.982 132.lel
Sum-4-14 310.230 280.845 399.575 430.787 369.322 292,534
Total 454.257 616.646 677.110 59%.090 452.304 424.69%

1992 +:.1993 - ...19%4 7 1995 1 1896 - 1997

180.518 i64.635% 7%.63% 166.400 209.634 100.000
1 1

e
3

4 16.322 59.647 126.520 166.7%4
5 61.731 +42.952 +~82.253 .73.522 40.637 90.1561
& 21.017 °~26.830 "~21.550 49.668 45.066 26.631
7 l6.288 . 7.047 10.121 11.395 ' 28.928 25.838
8 l4.064 © 4.39%99 2.575 4.360 @ .5.643 15.223
9

4.749 4.338  S1.132 0.987  2.140 2.688

10 0.682 -~ 2.095  0.990 0.393 ©.0.527 1.003

11 0.155 0.329 - :0.664 0.358 | 0.158 . 0.246

12 0.068 0.086 -:0.109 0.291 0.154 0.061

13 0.043 0.027 ~.0.040 0.045 - .0.112 0.068

14 0.021 0.025 0.013 0.017 0.011 0.043
Juvenile 266.590 230.220 154.184 207.829 365,246 231.842
Adult 109.012 159.119 161.226 159.254 94.284 196.913

Sum 3- 3 180.518 164.639 79.639 166.400 209.634 100.000
Sum 4-14 195.084 224.699% 235.771 200.683 249%.896 32B.755

Total 375.602 389.339 315.410 367.083 459.530 425.755

- OAAcHm\Wgieps\iNwwg\Reports\1998\T3313 Doc
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1984
139.004
182.088
77.274
40.214
19.620
13.437
5.554
1.191
1.244

Y Aan
U Lgou

0.198
-0.081
405.963
74.422
139.004
341.382
480.385

- 1991
102.572
102.982
42.619
43,330
44.378
.732
.B17
.454
.219
.12z
-g38
.024
248 125
103.364
10z2.572
248.716
i51.288

T
M

(DOOOOP’

1958
155,000
80.092
121.725
58.241
15.770
14.524
- 126
.174

201
a0z

089
<025
.023
269.427
192 .743
1i63.000
499.170
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Table 3.3.14. Cod at Iceland. Division Va. Spawning stock biomass (tonnes).

Marine Research:Institute Sgt‘May‘g2912:2§:37 1598
Virtual Population Analysis : SSB in 1000 x tons
Final-VPa

Age 1978 1979 1580
3 10.685 0.000 10.271 .
4 8.826 5.033 6.867
5 75.078B 34.391 46.055
6 102.240 164.29%96 82.593
7

8

2

B4 12.670 . 10.555

40,895 34.834 47.189
62.440 53.319 43.624
36.502  41.4B4 39.717

101.232 142,177 2983.392
44 333 60.423 97.501

18.244 23.793 35.895 §2.923 13.516 24.330 .

10 7.402° 9.432 15.614 19.197 13.365 7.881

11 4.695 4.251 T7.633 B8.215 8.439 9.325

12 0.887 2.546 2.469 3.27 4.321 4.755

13 0.365 0.317 2.450 .1.845 1.773 2.088

14 1.024 0.152 0.233 0.277 0.906 0.928
Total 375.015 447.212 £01.773 266.223 213,730 219.383 "
Ag MK Y=y Toha . 1TO000 TNt

=] 1985 1586 1587 1588 1%8% 1550 1551
3 4.166 1.877 £.780 . 7.576 0.000 0.000 0.000
4 9.011 9,747 19.210 © 6.371 8.842 5.970 10.362
5 48.125 35.625 40.001 ~© 66.522 65.818 45,488  17.084
6 71.050 100.354 56.146 ;.-45.209 124.589 163.252 54,106
7
8
9
[¢]

54.565 52.823 73.969 . 26.624 39.710 92.340 89.271
34.163  2B.873  27.025 - 22.623 13.735 - 20.204  44.930
21.231 17.355 11.319 *178.246  7.557 6.764 8.625
i 13.102 5.834 8.835 . . 3.B28 3.953 4,032 2.537
11 4.166 5.759 4943 2985 1.951 2.369 1.478
12 5.000 2.165 2.348. ' 1.672 0.771 1.030 1.117 "
13 2.271 2.463 1.020 <" 0.595 0.719 0.548 0.431
14 1.051 1.115 1.346 5 :0.213  0.103 0.516  0.326
Total 267.901 267.990 252.950 .192.444 267.828 342.512 230.267
Age 1992 1993 1994 - 71995 1996 1997
3 10.759  12.510 B.611 . 7.210 19.61i2 8.463
4 21.195 47.534 51.876 39.492  18.525  76.45§
5 61.316 42.823 9B.506 '129.781 48.694 105.346
6 34.515  52.313  52.816 °126.820 109.602 64.840
7 . 41.176 22.534 34.890 . 36.175 92.259 101.803
8 45.925 15.271  10.035 ., 19.381  22.354  67.345
9 22.261 16.056 5.492 ° 5,808  '9.305 14.039
10 4.145 10.846 4.790 °2.633  3.617 5.307
11 1.435 2.251 5.008 - .:2.711  .1.189 1.660
12 0.624 0.749 0.945 . .2.187  [1.393 0.452
13 0.537 0.285 0.396 '0.322  0.998 0.459
14 0.179 0.290 0.148 ° :0.168  0.129 0.433
Total 244.069 223.463 273,515 372

688 328.277 446.602

4071981 19827 00 1983 1984
229177 0.000  0.000 _ ..

18.924 23.102 28.990
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Table 3.3.15. Cod at Iceland. Division Va. Average fishing mortality of age
groups 5-10, recruitment (at age3, in millions); spawning stock at spawning time -~
(7000 tonnes). - : . BT

Year F5-10 . X¥sar class S58B
1955 0.31 - 280 . 1261
1956 - 0.26 307 ‘1199
1957 0.32 153 1145
1958 ©0.32 191 1034
1959 0.33 143 - 928
1960 0.38. 163 825
961 ' . 0.33 292 . 780
1962 - = 0.4 - 255 729
1963 0.45 273 . 683
1964 0.54 328 569
1965 0.61 ° i74 454
1966 0.54 255 412
1967 0.49- 186 476
1968 0.67 178 594
1969 0.53. 136 693
1970 0.56 303 684
1971 0.62 170 615
1972 0.71 . 265 477
1873 0.71" 432 436
1974 0.76 143 329
1975 0.81 22p 339
1976 0.76 246 283
1977 0.63 144 319
1978 0.48 143 375
1979 0.43 134 447
1980 0.45" 226 602
1981 0.68 139 389
1982 0.78 144 266 .
1983 0.78 336 214
1984 0.62 277 219
1985 0.68 168 268
1986 0.78 - 82 268 !
1987 0.83 131 252
1988 0.97 100 192
1989 0.68 180 268
1990 0.72 168 342
1991 0.78 79 230
1992 0.81 125 241
1993 0.93 195 218
1994 0.68 90 265
1995 0.52 157 365
1996 0.57 110 318

.1 OMACTIIWgreps\Nwwg\Reports\ 998\T3315. Doc



Table 3.3.16. 'Cod at Iceland: . Di

vision Va. Estimated mortality due to -

cannibalism. :

YearfAge [0 1 2 3 4 _ 5
1982 0.10 0.60 0.49 016|006 0.04
1983 |0.06 0.47 0.39 0.19 0.09 - 0.02
1984 0.11 0.42 0.38 0.18 0.11 - 0.02
1985 0.15 0.52 0.39 0.2 008 0.02
1986 0.14 0.68 0.40 0.19 0.08 0.02
1987 0.10 0.74 0.49 0.19 0.09 : 0.02
1988 0.07 0.53 0.53 0.22 0.10 10,02
1989 0.06 047 0.42 0.26 0.11 0.02
1990 0.08 0.38 0.43 0.24 0.14 0.03
1991 0.06 0.41 0.29 0.20 011 - '0:03
1992 0.06 0.33 0.28 0.13 007 - 0.02
1993 0.06 0.33 0.27 0.12 0.07 0.02
1994 0.06 0.33 0.26 0.14 0.07 0.02
1995 | 0.06 0.35 0.30 0.16 0.08 0,02
1996 0.08 0.39 0.32 0.18 0.08 0.02
1997 0.07 047 0.4 1022 0.09 0.02

OAACRMWerens\iNwwz\Renorts\1998VT13 16 Doc
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1 August used for predlctlon of cod mean welghts.

- Year .

’ 19/5%'
1980
1981°
1982’
1983
1984
1985
1986
1987
1988
. 1989
1990
.. 1991 :
1992

1993
1994
1985
1996
1997
1998
Average

Table 3.3.18. Cod at Iceiand. Division Va. Input file for the R

Yearclass
1875
1976
1977
1978
18739

1580
1581
1982
1983

- Y-F.|
LD

1985
1se6
1987
1988
1989
1950
1951
1992
1983
1994
1985
1996
1997

VPA agel

222
245
144
143
134

226
139
144
336
278
188
83

132
102
181
165
80

166
210
-11
-11
=11
-11

'Survd*

-11
-11
-11
-11

=11
= dn e

-11

55261
22540
77227

anAan
FiawmI Y

60113
8272
22262
13601
31684
18211
4301
19228
48173
13959
-11
-11
-11

'Survd’

-11
-11

0OAA; nﬁn\“fnraﬂc\”lw“]n\n enorts\1002'T2217-12 Daoc

SpPel

C13 program.

'Surva' 'Survl'
-11 -11
-11 -11
-11 -11
-1k -1i1
-11 -11
-11 -11
-11 -11
-11 -11
39301 -11
52843 16492
25874 13903
5820 2605
14921 1711
11786 2048
14473 3508
16407 1712
2237 223
10539 1312
28480 8920
3869 487
18566 2454
3570 530
-11 5299

L]




Table 3.3.19. Cod at Iceland. Division. Va. Output from RCT3.

Analysis by RCT3 ver3.l of data from file

Recnwwg.d

Iceland Cod: VPA and groundfish survev -data

Data for

Regression type
Tapered time weighting applled
20 years

power =

at.

4 surveys over

3 over

=c

Survey weighting not applied

Yearclass

survey/
Series

Survd
Surv3
Surv2
survl

Survey/
Series

Survd
sSurv3
survZ
Survl

.n'}

i)
=2
A
=
=

23 years :

1975 -~ 1997

= 19492
I-==~———--—-Regression---—-—--—-—-- I I-——————— Pradiction
Slope Inter- Std Rsguare WNo. Index Predicted 5td
s cept  Errox Pts WValue =~ Value Error
.52 -.21 .24 .792 11 - 9.86 4,848 286
.59 -1l.01 .25 .800 10 9.77 4.73 298
.5§ -.37 .25 .8110 9 9.28 4,04 . 307
.42 1.65 .40 .565 8 7.18 4.64 500
VPR Mean = 5.03 . 422
= 1993
I-——————s—— Regression—-—--==-——= A A it Prediction
$lope Inter- Std Rsquare Ne. Index Predicted Std
cept Error : Pts Value Value' ' Error
.52 ~.23 .24 15 12 18.78 5.38 - .289
.60 -1.09 .21 .744 11 10.53 5.22' L322
.57 -.40 .26 .179 10 10.26 5.44 - .318
.45 1.46 .44 .484 9 9.10 5.54° .563
VEPA Mgan = 5.02 408
= 1554
T————————- Regression-————--—--- I I Prediction
Slope Inter- Std Rsguare No. Index Predicted std
cept Error Pts Value Value Error
.51 -.1a .22 L7194 13 2.54 4.74 .262
.61 -1.20 .27 .741 12 9.39 4.55 .323
.56 -.25 LZ24 L7840 ii 6.26 4.31 L3311
.42 1.64 .39 -534 10 6.19 4.26 .508
VPA Mean = 5.04 .404
= 1385
I-———————-- Regression-——----—--- I IT-—————————- Prediction
Slope Inter-— 5td Rsguare No. Index Predicted std
cept Erxror Pts Vvalue Value Error
.61 -1.17 .27 .739 12 10.27 5.09 312
.95 -.24 LZ4 -y i 9.83 5.19 285
.42 1.66 .39 .535 1a 7.81 4.96 468
VPA Mean = 5.03 .407
i Q 3 __ﬁn\Wmnn\Nunnu\_anﬂ__\‘l DORVT221Q Do

~epor

WAP
;Weights

.295
.237
.243
.078

WAP
Weights

.327
.216

LE33
.087

.138

warp
Weights

219



Table 3.3.19 (Cont'd)

Regressiop---------- I I-m——mmmm— Prediction--
Std Rsguare  No, Index Predicted Std
Error Pts . Value Value Error

.24 . 785 11 8.18 4,29 .321

.39 .536 10 6.27 4.32 .511

VPA Mean = 5.02° . .408
Regression-—-———-——— I Imm—mimmm—— Prediction—-

Yearclass = 1996
I ___________
Survey/ Slope TInter-
Series cept
Survd
surv3
Surv2 .55 -.18
Survl .42 1.69
Yearclass = 1997
I -----------
Survey/ Slope Inter-
Series cept
Survd
Surv3
Surv2 o )
Survl _.42 1.73
Year Weighted
Class . Average.
Prediction
1992 . 125
1993 203
1954 : R
1995 - 163
1996 . 91
1997 169

a1 s U5 s 10 i

Std Rsquare No. Index Predicted 5td

Error

.38

Loy

Pts Value Value Error
540 10- 8.58  5.30 .486
VPA Mean = 5.01 .408
Int Ext var VEA Log
std Std Ratio E VPA
Error Error
15 .05 .13 167 5.12
16 .0AR .24 211 5.35
15 .13 70
17 .05 07
23 .24 1.09
31 .14 20

, .0:\Ac_fmf\Wgreps\Nwwg\chorts\1998\T3319.Doc

WAP
Weights

.414

.586




Table 3.3.20

The 'SAS System

) 12:30 Friday, -May B, 1298

‘Cod in the Iceland Grounds {Fishing Area Va)

Prediction with management option table: Input data

- . Year: 13558 _
: Stock fNaturai Matufity3Prop.of F|Prop.of M 'Weight Exploit. | 'Weight
- Age [ -size mortality ogive : : |bef.spaw. |bef.spaw.| in stock pattern } in catch
3 |165000.00} - 0.2000 0.0740 0.0850 0.2500| }184.000 0.0430} 1430.000
4 BOOS2Z.000+' 0.2000 0.Z650 0.1804 0.2500| 1689.000 0.1510¢F 1987,000
5 121725,00 0.2a0a a.8R70 0.2480 0.2Ranl 2R24_000 D.259101 27686.000
; ;6 41.000 0.2000 0.7680 0.2960 0.2500| 3809.4000 0.3530} 3910.000
; 7 3. 000 0.2000 0.8860 0.3820 0.2500| 5215.000 0.4570] 5354.000
B 1.000| - :0.2000 0.9380( . 0.4370 0.2500( §720.000 0.5580] 6602.000
9 .000| . Q.2000 30.9570 0.4770 Q.2500( 7587.000 0.5580] 7555.000
i 1.000f -.0.2000 0.9500: 0. 4770 0.2500( 9309.000 0.7070] 9527.000
.Q00[  -9.2000 0.9970(. 0.4770 0.2500110869.000 0.8020|10786.000
000} -~ 0.2000 0.9620 0.4770 0.2500112022.000 0.8020]12148.000
.000 0.2000 Q.9540 0.4770 0.2500[12621.000 0.B8020]12405.000
3,000l 0. 2000 1_onag 0.4770 0_.2500115534_000 0.eoz0l14721. 000
Unit lfﬁoﬁsands - - - - Grams - Grams
Year: 1593 o
Recruit-| Natural Maturity|Prop.of F|Prop.of M _Weiﬁht Exploit. Weight
Rge ment mortality agive bef.spaw.|bef.spaw. | in stock| pattern | in catch
3 90000.000 0.2000 0.0740 0.D0850 0,2500' 1194.000 0.0430] 1430.000
4 0.2000 0.2650 g.1800 0.2500| 1689.000 0.1510{ 1847.000
5 0.2000 0.5570 0.2480 0.2%00| 2447.000 0.2590{ 2703.000
& 0.2000 0.7680 0.2960 0.2500| 3615.000 0.3530{ 3701.000
7 0.2000 0.8860 0.3820 0.2500f 5096.000 0.4570] 5119.000
8 . 0.2000 0.9380 0.4370 0.2500} &462.000 0.5580| 6619.000
9 . D.2000 0.9570 0.4770 0.25041 7587.000 0.5580| 7555.000
10 . 0.2000 0.9500 0.4770 0.2500) 9309.000 0.7070| 8527.000
11 ¢.2000 0.9370 0.477¢C 0.250£]10862.000(- 0.802010786.000
iz 0.2000 0.9620 0.4770 0.2500]12022.000} 0.8020112148.000
13 C.2000 0.9940 0.4770 .2500]|12621.000 0.8020(12405.000
14+ 0.2000 1.0000 0.4770 0.2500]15532.000 0.8020|14721.C00
Unit |Thousands - - ' - - Grams - Grams
‘¥Year: 2000
-} Recruit—| Watural |- Maturitv|Prop.of F|Prop.of M| . Weight Exploit. Weight
hge ment = jmertality ogive . |bef.spaw.|bef.spaw.| in stock|[ pattern in catch
3. [170000.00] . 0.2000]. ©0.0740f. 0.0850| . 0.2500] 1184.000[  0.0430|.1430.000
4. R B 0.2000 G.2650f: 0.18Q00 0.2500] 1689.000 .0,1510( 1897.000
5. 0.2000 0.5570). - 0.2480 © 0.2500) 2447.000 0.2530( 2652.000
6. . 0.2000 .0.7680): 0Q.2960 2.2500] 3549.000 0.3530( 3654.000
7 . 0.2000 .0.8860f. 0.382C: 0.2500| 49193.000 0.4570( 4911.000
8 0.20004 0.5%380 0.4370: ©.2500] €373.000 0.5580| 6428._.000
g . 0.2000 0.9570 0.4770 0.25001 7587.000 0.5580| 7555.000
g . 0.2000 0.5500 0.4770| - 0.2500] 9309.000 0.7070(-9527.000
"1l . 0.2000 0.9970 0..4770: 0.2500)1086%.000 0.8020(10786.000
12 . . +0.2000 0.9620 0-.4770]} 0.2500|12022_000 0.8020{12148.000
I 13- . ‘02000 0.9940 0.4770 0.2500(12621.000 0.8020{12405.000
14+ 0.2000{.- 1.00090 0.4770}% 0.2500}15534.000 0.B020|14721,000
Tnit Tﬂeusandé‘ - - - - Grams - : .G:ams
Motes: Run name 1 MANSASDZ

bate and time: 04MAY98:15:11

O\Acim\WgrepsiNwwg\Reportsi 998VT3320.Doc -
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Table 3.3.21. _ Lo _ -

The. SAS System - 12:30 Friday, May 8,

v 1998
Cod in the Iceland Grounds (Fishing Area Va)

Prediction with management option table

SYear: 1998 Tear: 155% Year: 20060
F Referenca| = Stock Sp.stock| -Catch-in|. . F . |Reference| Stock | Sp.stock|.Catch in|. Stock Sp.atock
Factor F biomass biomass waight ‘Factar - F biomass hiomass welght biomass biomass
0.8809|  0.4746| 1110423] 528554| - 2300007 “6.0000] 1083967 e3a634| o] "ta03zec| 873400
Y . ' : to ‘0.04B2 ' .| T e25425 ‘32128 1366628 829005
0.,0864 616396 630231 1331537 787365
0.1446]" 607540 32740 1297744 748289
0.1928 598855, 121332] 1265257 711598
0.2410 el S9033¢ 148848 1234018 677129
0.2892 591980 175336 1203373 644729
0.3374] 573742 "200B41 1175066 614259
0.3856 565740 2254086 1147251 585587
' (.4338 557850 249072 1120479 558594
: G.4820 550107 ° 271878 1094704 533169
: 0.5302 542510. - 2938640 1069885 509206
! 0.5784 _-535054 . 315054 1045579 486612
. 0.6266 527736 - 335494| 1022928 465296
; 0.6748. 520554.f . 385211 1000754 445176
: 0.7230 513503 3742371 979362 426175
; . 0.7712) 506583 '392598 958739 “408221
; . ‘ . 0.8134 455785 410325 438852 391249
. 0.8676 493118 4277442 219670 375197
2.9158 486568 443976 301164 3eQU07
0.8%640 480136 459949 .. .883306 345625
- - Tonnes Tonnes Tonnes s - | Tonnes Tannes | Tomnes | Tonnss Tonnes
Notes: : MANSASC2
't N4MAY98115:11 : .
F: Simple mean,! age'5 - 10
Basis for 1558 ;' TAC constraints o
Table 3.3.22.
, ‘The SAS System ‘ 12:30
_ Friday, May 8, 19298
‘Cod-in the - Iceland Grounds (Fishing Area Va)
Yield per recruit: Input data
“ . I Recruit-| Natural *Maturiﬁy Brop.of F|Prop.of M{ . Weight | Exploit.|: Weight
~Age ment i fmortality| -ogive ' {bef.spaw.|bef.spaw.| in stock| pattern |-in-catch
03 1,000 C.2000) " 0,0325 0.0850] - 0.2500( 1089.182 0.0600) 1321.500
4 Lo 0.2000[ ' .0.1054| ' 0.1800| ~ 0.2500{ 1618.636 0.330C] 1841.091
5 EN Q.2000] - 0.299%] " 0.2480]  -0.2500] 2451.455 0.6100C] -2637.000]
6 ‘02000 -.0.5575 0.2980 0.2500( 3608.000 0.8600] "'3634.591
s 0.20007 ~0.7785] ~ 0.3820) - 0.Z500| 4964.182 1.06500| 4886.40%
B ‘0220001 - .0.9007 0.43701- : 0.2500] 6303.273 1.1600| 6238.000
S 0:2000] .= 0.9498§ 0.477¢] 0,2500f 7765.955 1.1600| “7700.864
1o - 002000 -.0.9688 0.4770 0.2500] 2480.136 1.1600] 9499.000
C 1L - 0:2000] "-.0.9949 0.4770 0.2500[11455.364 1.166011356.318|
T12 0.2000( " 0.9954} © 0.4770] * 0.2500(12549.682 1.1600|13195.727
13 0.2000] "¢ 0.9987| - G.4770|  0.2500414577.4C9 "1.1600114790.682
14- 0.2000 10000 'DJ&??D D.2500115734.5586 1.1600115597.391
Unict Numbers - T e - Grams - Grams
- Notes: Run'name -1 YLDSASQO3
Date and time: 04MAY98:16:17
223 OM\Acfm\Wereps\Nwwg\Reports\l 998\T3321.Doc




Table 3.3.23

The SAS System ’ 12:30 Friday,
May B, 1998
-Cod .in .the. Iceland Grounds... (Fishing.nrea val ..

Yi.—e'la per recrnit: Summary tabla -

1 January Spawring time
o Reference| Catch in| Catch in Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Factor 3 numbers weight " size bicmass size biomass size biomass
0.0000 0.0000 0.000 0.000 5.016|23433.651| . 2.443|18229,384| . 2.324|17340.326
0.0500 0.05001 - 0.131 810,505 4.574|19139.477 2.043114124.288(" 1.904]13111.721
0.1000 0.1000 0.225] 1274.546 4.232|1600B.875 ©1.740)11162.110 ©1.591(10125.491
0.1500 0.1500 0.293]| 1535.9913 3.962|134B7.493 1.506| £8991.808 1.354| 79B2.212
0.2000 0.2000 0.3451 1879.10% 3.74§111835,700 1.3220 737£.5804 1.171) £417.09084
0.25009 :. 0.2500 0.386| 1753.274 3.568|10590.386 1.176} 6154.939 1.027] 5256.802
0.3000 G.3000 C.419) L1¥87.477 3.421| 9338.6BZ 1.058] 5216.293 0.912] 4379.993
03500 0.-3500 0.446f 1798,721 3.296| 8702.316 0.960| 4483.636 0.819]| 3706.720
0.4000 0.4000 0.468| 1796€.985 3.18B9| 9026.123 0.879| 3002,994 0.74Z2| 3181.248
04500 0.4500 . 0.48B| 1788.115 3.096| 7470.822 0.810| 3436.087 0.678| 2764.692
@.5000 -0.5000 .. 0.5805] 1775.527 3.014| 700B8.101 0.752| 3055.435 0.624| 2429.578
0.5500 0.5500 . 0.520| 1761.205 2,942] 6617.301 0.701] 2741.090 0,577 2156.246
0.6000 0.6000 ©0.533] 1746288 2.877| '62B83.159 0.657| 2473.392 0<537| 1930.443
0.6500 0.6500] - 0.545] - 1731.418).;:" 2.818] 5994 .253 0.619]| 2256.437 0.503] -1741.700
0.7000 0.7000 0.55a6] 1716.947 " 2.765] '5741.928 0.5B5] 20867.015 0.4721 1882.232
0.7500 0.7500 0.566| 1703.051 2.717| 5519.545 G.554 1903.874 0.445] 1446.169
0.8000 0.8000 0.575] 1685.813 2.672| '5321.946 §.527) 1762.133 0.421) 132%.036
0.8500 0.8500 0.584| 1677.254 2.631| 5145.079 C.502] 1638.216 0.399] 1227.377
0. 9000 0.5000 -3.592] 1665.366 2.,593| 4985.725 ¢.480] 1528.982 0.3B0| 1138.494
0.9500 0.9500 0.599| 1le54.123 2.557| 4841.297 0.460| 1432.134 0,362] 1060.258
1.0000 1.0000 0.606| 1643.490 2.524| 4709.696 0.441| 1345.778 0.3446 990.968
1.0500 1.0500 0.613] 1633.430 2.492] 4589.204 0.424] 1268.375 0.332 329.259
1.1000 1.1000 0.619| 1623.904 2.463| 4478.397 0.409 1198.665 0.318 474.016
1.1500 1.1500 0.623| 1614.877 Z.435| 4376.092 0.3%4} 1135.610 0.3086 424 331
1.2000 1.2000] -, 0.630] .1606.312(. - ..2.409} 4281.292] 0.381}: 1078.345 0..295 779.448
1.2500 1.2500 0.635| 1598.178] 2,384 4193.153 0.369} 1026.145 0.284|  738.741
1.3000 1.3000 0.840] 1590.4473 2.361] 4110.957 0._.357 978 398 0.275 701,685
1.3500 1.3500 0.645| 1583.080 2.33B| 4034.087 0.346 934,585 0.265 667.836
1.4000 1.4000 0.649] 1576.063 2.317| 3962.011 0.338 B94.263 0.257 836.817
1.4500 1.4500 0.654| 1569.369 2.297| 3894.267 0.327 B57,051 0.249 608.308
1.5000 1.5000 0.608) 1562.976 2.277| 3830.452 0.318 B22.622 0,242 582.031
- - Numbers Grams Numbers Grams Numbers Grams Numbers Grams
Notes: BRun name : YLDSAS0O3

Date and time 1 D4AMAYSE8:16:17

Computation of ref. F Simple mean, age 5 - 10

0.1 factor : 0.1978

F-max factor 1 0.3651

F-0.1 reference F : 0.1978

F-max reference F ;5 03651 .

Recruitment® K Slngle recrult .

_\_w.:rn-m\Nmm:r\]! eports\100MTIA2 Dioe 223



Cod at Iceland. Percentage change in cpue since 1991,
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F!gu:re 3.31. Cod at leeland Division Va. Pefrcentage changes iniCPUE for the main gears since 1991.

Fig. 3.3.2. Cod at Iceland. Trends in average fishing ! s
mortality, F(5-10,u) by gear !
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Figure. 3.3.2. Cod at Iceland. Division Va. Trends in average fishing mortality by gear.
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Cod. Sexual rnatur'ity in the stock at the time of spawning
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Cod at Iceland Div. Va . Retrospective analysis
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Figure 3.3.

4. Cod at lceland. Division Va. Retrospective analysis of the XSA.
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Figure 3.3.5 (cont'd).
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Figure 3.3.6. Cod at lceland. Division Va. SSB and recruitment. Historic data along with fitted
stock-recruitment curve Ricker curve, accounting for cannibalism by immatures) and
replacement lines corresponding to Fmed and Fhigh.
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e THE COD - STOCK:- COMPLEX IN GREENLAND {NAFO SUB-AREA:1 AND ICES: SUB-AREA
XIV) AND ICELANDIC WATERS (DIVISION Va). e ORI

4.1 Inter- relatmnshlp Between the Cod Stocks in the Greenland-Iceland Area

Tagging experiments carried out at Greenland and Iceland show that mature cod at West Greenland migrate to East
Greenland. Tagging experiments at East Greenland also show that mature cod from that area mrgrate to Iceland (Tning,
1937; Hansen, 1949; and:Anon. 1971}: On the other hand, immature cod seem not to emigraté from East Greenland to
Iceland, but in‘some years immature :cod migrate-from East Greenland to the West Greenland stock (Anon. 1971).
Tagging experiments at fceland show: that migration of cod from Iceland to Greenland waters occurs very seldom and
can be ignored in stock assessments (Jonsson 1965, 1986). Migrations from Greenland waters to Iceland can, therefore
be regarded as a one- way migration, ! :

In egg and larval surveys cod eggs have been found in an almost continuos belt from Iceland to East Greenland, along
the East Greenland coast, round Cape Farewell and over the banks at West Greenland (Taning 1937, Anon. 1963). From
O-group surveys carried out in the East Greenland-Téeland area since 1970, it becomes quite evident that the drift-of O-
group cod from the Iceland spawning grounds to the different nursery arcas at Iceland varies from year to year. The

PR R [PV . [ Lo cmcsinendie P Tocile e ol b T Ve e D ] S Tlele A B 1Y Ton mimemmm =rmsnders!
same applies o the drift of O- roup cod with the ¢ renis from leeland to East Greenland (Table 4.1.1). In some yeats it
canmas thot me Livhral deift Foo fnleam smlian $0 $ha Cloas H ;
seems that no larval drift has taken pi ce to the Greenland arca, while in other yars some, and in some Years like-1973
and 1984, considerable humbers driffed to East Greenland waters (V{lhjalmsson and Fridgeirsson 1976, Vilhialmsson

and Magniisson’ 1984, Sveinbjornsson and Jénsson 1997). There were no O-group surveys in 1995 and 1996 but the
survey series was contintied in 1997 with the area-coverage reduced to the Icelandic EEZ. The most recent Icelandic
survey indicated a low number of O-group cod being present in the Dohrn-Bank area between Iceland and Greenland.
However, the estimate of the 1997 year class is exceptional high. 90 % of the O-group cod were dlsmbuted in northern
areas off Iceland (Tab. 4 1 1). :

The 1973 and 1984 year classes have been very important to the fisheries off both West and East Greenland. Taggmg
results have shown that when these two year classes became mature, they had migrated in large numbers from West to
East Greenland and, to some extent, to the spawnmg area off the southwest coast off Iceland. This migration of mature
cod from Greenland. to Iceland influences. the.assessment of these stocks. {Schopka, 1993) and it cannot therefore be
ignored in the assessments.
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Table :4.1.1 ' Abindance  indices.'of -Otgrovp. -cod - from . international and ~Icelandic ‘O-group - surveéys in the East
Greenland/Iceland area, 1971-97 {except 1972'and 1995-96). ) s

Year class Dohm SEIceland + ' SW' ' Wiceland ~NIcéland E Iceland  -Total: i
Bank East Iceland
~ Greenland . .. - TSI

1971 &« o B I T R | 214. ©o-. 283 C
A9730 -0 135 o A0 i 10T 96 5T - 86 1191 e
2 S oot 22 4 300 : + 84
P50 3 5 130
w1102 -+ 2015 0 - S5B4 0 -2743

26 305 - © 94 435

i69 335 47 552
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g L COD'STOCKS IN THE GREENLAND AREA (NAFO'AREA 1 AND 1CES—SIlBDIVISION XIVB)
5.1 Cod off G_reenland {offshore compcnent)

Prior to 1996, the cod stocks off Greenland have been divided into West and East Greenland or treated as one stock unit
“for assessment purposes ‘toavoid rmgratmn effects. Fjord pcpulatrcns (mshore) have always been inclided. In. 1996, the
“offshore component off West'and East Greenldnd; the so called Bank Cod! was assessed Separately ‘as one stock unit and
*-distinguished: from 'the inshore populations for ‘the first time. The completlon -of a re-evaluation ‘of ‘available German
-sampling: data for'the offshore catches back to T955 enabled such an ana]ysns given in the 1996 North: Western Working

Group repott- (ICES 1996/Assess: 15). Due to the severely depleted status of the offshore stock component, the directed
- cod fishery' was'given up in 1992, the final year in the VPA. Since then, no adequate data’ ‘were available to update-the

assessment. Therefore, the present report includes the summary tabie and figures of the 1996 assessment only appendéd

Dy IODg ierm ma.nagemem considerations and Hp(lﬂ[ﬂﬂ Slll'\i'Ejlr resufis and caich mrormauon

511 Results nf the German groundfish survey :

Tt

' Annual abundance and biomass indices have been derrved usmg stratified random groundﬁsh surveys covenng “shelf

oo Ty

' areas ana the COI‘I‘LInCl‘l‘[aI srope o11 Wt‘,S[ and baS[ ureenland burveys commencea l]l 1982 'anu were pnmaruy aesrgned

P A

: lUf lllﬂlabbtﬁbbﬂlﬁlll Ul cOa \UH&!M.! mumuu L) A UC—LdllCU (lﬂb(.-l'lp[lﬂ]l Ul lﬂe survey (lﬂb].g[l d[lU UEU‘}IT[IJ[}dlIU[] Ul lﬂﬂbﬂ
[ . RPN S-S AU RS S ,-J:' PRI )Ty Lo T % JRTWE TL 5§ JFDUFRI | LY o ST 100V A o [TR WP L § ¢ T T N o 1
COLLLIILAL S YWild BIVGH 1k 1105 l.GlJUlL [SIRNEY (v I.?]'J INOLL- YOS WULMIIS UIUUP VAL LD 1 FF I AdaLAY. 10} dlld ¥y Ulhllls UUL-
11. Figure 5.1.1 and Table 5.1.1 indicated namies Of the 14 strata, their geographic boundaries, depth ranges and areas in
nautical square miles (nm®). All strata were limited at the 3 mile line offshore except for some inshore regions in Strata
6.1 and 6.2 off East'Greenland: where there is a lack of adequate bathyimetric measurements: Table 5.1.2 and 5:1.3 list
the trawl :parameters: of ‘the survey. and the survey: effort by wear and .stratum..In 1984 1992 and 1994 the survey.

coverage ‘was mcornplete off East Greenland” partlv dueto: techmcal nroblems VaRE

5;1;1;1 " Stock abundance indices

Tables 5.1.4 and 5.1.5 listed abundance and biomass indices by stratum, at West and East Greenland, respectively and
then combined for the years 1982-97. Indices varied significantly between strata and yvears. Trends of the abundance and
biomass estimates for West and East Greenland are shown in Figures 5.1.2 and 5.1.3, respectively. These Figures
illustrate the. pronounced: increase in stock abundance and biomass indices from: 23 million individuals and 45 000 tons
in 1984 to 828 million individuals and 690 000 tons in 1987, This trend was the result of the recruitment of the
predominating year classes 1984 and 1985, which were mainly distributed in the northern-and the shallow:strata 1.1, 2.1
and 3.1 off West Greenland during 1987-89. Such high indices were never observed in strata off East Greenland,
although. their abundance and biomass estimates increased during the period 1989-91 suggesting an eastward migration.

G T ¥

Ul.ll'lllg the pBHGCl 195 /-6, Wl'l' ere years with Dlgﬂ aounaance. [.l’lﬁ precmlon OI SUIVE}' IHOICGS was GXU'BITIEI}’ low

diee to enormous variatio
Arrnnbiondles o 00 0Lt o

w data. DIDLC lﬂbb, siock abundance and biomass indices decreased

F-ratatel
Ulaulﬂll\rml)’ UJ’ 77 "o I.U Y UUU L\Jlla l.ll l??.’ l.lJ.C 1771 BLI[ VU}' KCBUIIB bUlllllLIJ.Cu ul‘; bUVElEl)’

;&
depleted status cf the stock Th epleted stock ‘was again found to be rnalnly dlstnbuted off East Gieenland. 1997

_survey results 1nd1cated that 93 % of the stock abundance and 98 % of the bmmass was found cff East Greenland
5 1 1 7 Aoe r-n.m.l"\r'miﬁnn
....... Age campositior

Ao dicncaraaastad ahundanna indiras frar act Baot flraanland amd tha tabal nes lickad fm Talldas € 1 & @ waceantiznle
A ls\d UIUHSEAVEMI-V\J uuul;uuuuv ALY A0SR T /Dy O L S M LLIGUINE CERIVL Lldhr ROARCLY €RES: L1D00AE RLY .lﬂullm‘.! afad \J_u, IUBP\-\ILIVUIJ

] In 1997, the stock structure off West Greenland was found to be composed almost, excluswelj.lr of the pre—recrultmg age
group 4 years (83'%). The age composition off East Greenland was found to ‘be_more diverse and comprised mamly
) mature cod atages 4—6 yea.rs However, the recruttmg year classes were poor, s0, there is no indication of recovery

:_ 5113 - .Me:tn weight at:.ag_e

Mean weight of the age grouhs. 110 years for West, East Greenland and weighted: by:abundarice to the total are listed in
Tables 5.1.9-11, respectively. Weight (g) at age calculations are based on the regression £(x)=0.00895x>™"*, x=length
(cm), which has been determined on the basis of 3 482 -individual: measurements. The trends of these valugs:are

illustrated in Figure 5.1.4 for the perind 198297, They revealed pronounced area and vear effects. Age groups 2-10
ven

h the high ahnndanre of cod

- years off East Greenland were found. to be bigger than thnse off Weqt Greenland. Dri
'of_f ‘West Greenland, weighted mean length and weight for the age groups 1-5 displayed : ,;lccre_ese during 1986-87 and

RN
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remained at-low:levels until 1991. Since then; the weight at age at apes 3 to 8-years increased significantly:and remained
at that hlgh level in 1997.

5.1.2 Trends in landings and fisheries

0ff1c1a11y reported catches are. glven in Tables 5 1 12 and 5.1. 13 for West and East Greenland mcluchng mshore catches,
respectively. Landings as used by the. workmg group are hsted in Table 5 1.14 by inshore and offshore. areas and. gear
for both West and East Greenland combined, their trends being. illustrated in Fig..5.1.5. Untif 1975, offshore catches
have dominated the total-figures by more than: 90 %. Thereafter, the proportions. taken offshore declined. to 40—50 %.and
the most recent.yields have been dominated by. inshore. landings since 1993. Otter:trawl board catches (OTB) are.most
impertant throughout the. time . series . for, .offshore fisheries. Miscellaneous gears,: mainly long lines. and. glll nets,

v b atod 21 nor,...+11n"r'n.. t-hata Jioammanea A i
_uuuu.luul.\..-u _ru"-ru 0 Ul 170 7 uul. nave, APl LAL S 51

_____ P ey P PRy 100 £
ﬂluludl muuul,ga Ld.l\.t'r[l 01150101 avctagcu dUULI.L JUU UUU L uuuug LLIU PU].].UU 17.].) UU uutu 1200, uguu::a ll.lblljd.hULl lU a

higher level between 330 000 t and of 440 QG0 t in 1962, Landings decreased sharply by-80%. to 46 000 t in 1,9_7.3.
Subsequently, the landings dropped below 40 000 t in 1977 and were very variable. The level of 40 000 t was only
exceeded .during the periods 1980-83 and 1988-1990. Since 1970, there have been large changes. in effort, which

"acreased durmg e;mlortauon of the st.rnng year, classes born in ‘19?3 and 1984, The offshore fishery was. closed.z

e L g

' then, almoqt no dtrected cod f' sherv has taken nlacewoffshore ‘The renorted eatches deehned from 828 t to 187 t in. 1993-
96, respectlvely A tota] offshore catch amountmg to 338 t was reporied for 1997,

,It‘ is important tor note that catch ﬂgures, espem‘ally since 1992, a:e'belleved to- be -incomplete due to unreported  by-
catches in the shrimp fishery which has recently expanded to:all traditional areas of the groundfish fisheries. Disecards of
finfish by-catches were difficult to record due to the-processing of the shrimp catch on-bodrd. A first assessment:of the
catch taken by the shrimp fishery amounted to 32 t or 110 000 individuals of cod in 1994, This estimate was added to
the catch figures used by the Working Group for the 1992-95 period. More recent information on finfish.by-catch in the
shrimp fishery off East Greenland was presented for 1997,

513 Biologial sampling of commercial catehes

No commercial samplin'g;data_. were avatlable to assess. recent catch in numbers, weight and maturity at age. . *

5140 Reselts from the '1996-a_ssessmé'nt- SRR C : ' P =

Thé' hlstorlcal stock status ‘was assessed’ based on the terminal Fs derwed from an XSA tumng un applylng 1992 as the
jﬁnal year The summary ‘of the assessment s g1ven in Table 5 L 15

rI'rends 1n yleld and. ﬁshmg mortahty are showu in Flgure 3. 1 6. An mcreasmg trend in Fbar from 0. 1 fo 0 4 was
determmed durmg the perlod 1955- 68. Durmg the same penod ‘the yleld increased from a level of 280 000 tto 380 000
t but decreased drastically to 100 000 t in the early 70s. Thereafter, the fishing mortality was highly variable and seemed
to be dependent on the changes in effort directed to the exploitation of individual strong year classes. Penods when Fbar

for ages 5-8 years exceeded 0.5 were 1974—1977, 19801984 and 19851992,

Trends 111 spawmng stock blomass ‘and reerultment are shown in Flgure 5.1.7. During 1955 to 1973, the sp v_vnmg
;bnomass decreased almost’ contmuously from 1.8 million t to 110000t a decrease of 94%, ’I‘heteafter, the spawnmg
‘stock blomass averaged 50000 1. Durmg the perlod 1955-73 before the spawmng stock decreased below 100 000' 1, the
recruitment at age 3 varied enormotisly’ between 4 million and '700 million and averaged 220 million. Since 1974 ‘the

nnnnnn A s AF SN WY + aed o~ P e e I |
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from 1955 to 1973, while it has been below that value for 17 of 19 years since then. During the last 29 years, only 2 year
classes havéreached the long term mean recruitment level at'age 3, namely those produced in: 1973 and 11984, 5

515 .+ = - Estimation of target and limit reference points T : el e

" arametsrs for the sstimation of lgné term vield and snavwnine stocl hiomase nar recruitare listad in Tahla 5116
iput parameters Ior e ng erm yieid ang spawning sloCk DIOMAsE po i iame 3.

-for age groups 3-12. Maturity and weight 4t 4ge vectors were calculated as long-térm means covermg “the period” 1955—
92, The natural mortality M was increased to 0.3 for age groups 5 and older to account for an emigration to Iceland. The
exploitation patiern was derived as Fbar from the three most recent years from the final VPA. Determined F-factors for
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) e 4_1;
spawmng ‘stock biomass per recruit are illustrated in Figure 5.1.8. The values of Fol and F,,x are indicated by arrows
and amounted to .3 and 0.72, respectively. The lack of a well definite .peak in the vield. per wrecruit.curve is due to
increased natural mortality.

Recruitment at age 3 is plét’téd against the- ”spawning é.tock biom-a-ss I'in Figure'S' 1.9; Fmed amounted to 0.09. The
correspondmg spawning; stock-biomass; per rectuit was as high as 4.5 kg Fiign amounted to (.59 with the accompanied
spawning stock biomass of 1. 0 kg Flv“gh -and:the. correspondmg spawning stock: biomass- per recruit represent cormrected
-values: S o : :

However, neither the determined Beverton & Holt nor the Ricker model fitted the observed recruitment-spawning stock
biomass: points- well:-The Beverton: and Holt curve quickiy reached the long term mean recruitment;level affected by the
-strong-1973 and. 1984 year ciasses reiated to low biomass values and extremely poor year ciasses 1969-72 prouucea ny
Spa_wmrlg S[OCK SIZES exceeumg 256000 & l.ﬂt: KlLl{Ul’ curve UIU noi l'CdLIl a [muum_um Over ll'l_t'- dleilet'- range - UI.
observed spawning stock sizes. This suggested that, during the period of investigation, the recruitment appeared at all

times to be adversely affected by reductions in spawning stock biomass.

Yl ernen prztdnbhla aceriscctnamial e ditinme and fm tha affohars aenon AF MDeannland nea noeoidasad o e oalf orrpbaiemiem A e
Uivenh sulacie enviroiinehital COnGilios, Cod i UG¢ OLIsnorc arcas 0 wiStiuaind are CONsSiacied o o¢ seit- sustaini ig. AN
avaraela Al rackriciad sasmiitieant wne idantifiad for tha norinad 10807 whan o conbinnad ~nld osvant AFF Waot {raanland
\-F.l\mlll}‘u WL WO I LWL WBLLLEEWELIL YYD EWAACLALA R AW SRS AWSL Lidw l..lwxxuu L AN ST e VY REWrdl 40 WAALILARALEWAAL WAFILG W FAWLLL VAL FT WO AWALEIERLERE
and an almost comnlete recruitment failure wag observed ;cr 5.1.9 indicates that the reduced recruitment was observed
anc mosi o el recruliment Iailure was obse a. J ndicates t ed rec enti was gbgerved

=il L HH .

at a SSB of less than 1 (000 000 t. Following the instructions given by the SGPAFM this value could be taken as the limit
reference point By, Given the depleted stock status, no limit and precautionary reference points for fishing mortality
and biomass were proposed.

5.1.6 By-catch and discard of cod in the shrimp fishery

Reliable information about the amount of by-catch and discard of cod in the shrimp fishery off East and West Greenland
was not available. A recruitment model which explained 51 % of the variation in 3 years old recruits (Ritz et al., 1998)
based on VPA-results and the yield per recruit input data (Table 5.1.16) was used to perform long term simulations in
order to estimate the adverse effect of fishing mortality of pre-recruits at ages 0-2 years. The recruitment modei (Fig.
5.1.10) is formulated as a multiple linear regression based on significant S8B and water temperature effects (top of
Fyllas Bank off West Greenland) as independent variables.

Allowing the recruitment estimate of the model to vary between +124 % (standard error of the model) simulations for
the stock development over 100 years were calculated using a high fishing mortality to rapidly collapse the S$B to 5 %
of its initial weight. Subsequently to the stock collapse, no further fishing mortality was affective. The results of 100
iterations are shown in Figure 5.1.11. The mean stock projection indicated a very siowly recovery from the depieted
status. The probabiiiiy of the stock to recover to 1/3 of iis initial size afier the stock cuiiapse increased from O after 20
years and amounted 40 % after 90 ycais. The simulations were reiterated with a 10 96 reduction of the gcumau:u TECTUiLS
caused by the by-catches in the shrimp fishery. It is shown in Figure 5.1.12 that this low pre-recruitment mortality has a
significant adverse effect on the potential recovery. The mean of 100 stock projections showed a reduced slope and the
probability of the SSB to recover to 1/3 of the initial value increased from O after 30 years. After 90 years, the
probability of the stock recovery amounted to 10 % only. The working group considered the simulations hardly
representative for stock recovery but interpreted its reduced probability due to the reduced recruitment to be
representative of the adverse by-catch effect. The sensitivity of the potential stock recovery to slightly increased pre-
recruitment mortality is demonstrated by the second run of simulations which resulted in a 80 % probability reduction.

5.1.7 Management considerations

The assessiment of the offshore component of the cod stocks off Greenland revealed that overfishing was a major cause
for the collapse of this unit in the beginning of the 70s. Since that time, the spawning stock has remained below 100 000
t and has not been able to produce adequate recruitment. Only two strong year classes have been observed in 1976 and
1987 as 3 year olds. An increase in effort directed towards the 1973 and 1984 year classes resulted in high fishing
mortalities. Both year classes contributed only negligible amounts to the severely declined spawning stock. The most
recent trend in the fishery and German survey data which were not included in this assessment, are consistent with this
picture. Furiher, no indication of siock recovery was derivabie based on the iack of strong pre-recruiting year ciasses, In
ihe preseni situaiion, caiches of young cod in the shrimp fishery should be Kepi 10 a minimum in order ic increase the
probability of stock recovery. No fishing should take place until a substantial increase in recruitment and biomass is

- evident.
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5.1:8 -+ VComments on the 1996 asséssiment

This assessment of the offshore component of the cod stocks off Greenland was affected by several uncertainties in data
as well as ecological factors. The effect of ‘emigration was onlyidirectly covered for the 1973 and 1984 year:classes and
“had'been taken ‘into account by an increase of the natural mortality to 0.3 for age groups 5 and older. The sampling of
comniercial'catches was historically rather inconsistent and did not cover the 30 % taken by miscellaneous: gears, mainly
longlines and gill nets up to 1977. Since 1991, catch at age and weight at age data had to be calculated using survey
data Matunty data were poorly reported lmplymg uncertainties in spawnmg stock estimates.

No* XSA tumng could be ‘applied for the most recent penod 1993-97 when low levels in: landmgs, ertort and stock
abundance were observed. ' The age disaggregated survey 1ndlces had to be adjusted to account for mcompiete coverage
‘of me survey ‘ared in’ 1994 anu 1994 ; : : :
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+Table Sal.laSpeciﬁéation of strata for the:German. groundfish survey off Greenland. -

Stratum.. ... geographlc boundaries . , P s . depth. . area
csouth . -xnnrth ©.oeast . west ' L o(m) o (nm2) -

1.1 : :‘ 700N - 50°00W 5700w 71-200'3 7 6805
1.2 . N 67°00N .. 50°00W U STOOW 201-400° . 1881

21 2°30‘N ©U64°1S'N 0 50°00W . 55°00W + 1200 2350
22 - 62°30N - 64°15N - - 50°00W - .55°00W . . 201400 - 1018
3.1 60°45N DU 62°30N . 48°00W  53°00'W T 1-200 ;1938
3.2 60“45N __';::"62“130'N ) 48°00W - 533°00'W-- 201-400 742
4.1 '-59“-00;1\!' : :: 60945 - 44°00W - 50700W. . _' 1-2060 2568
4.2 59°00N . 60%45N . 44°00W © S0P00W 201-400 971
51  59°00'N 63°00'N 40°00W  44°C0'W 1-200 2468
52 59°00N 63°00'N 40°00'W 44°00'W 201-400 3126
6.1 63°00N.  .66°00N . 35°00W  41°00'W 1-200 1120
62 monn'Nf“ U BE0ON I5P00W A1000'W 301400 7795
71 64%45N UUE700N T 29°00W  3sT00W - 100 o
7.2 64%45'N - 67°00N 20°00'W 35°00'W 201-400 T 74589
Sum 37463

Tahle 5.1.2 Traw! parameters of the survey.

Gear ~ . . - 140-feet bottom traw]

Horizontalnet opening : 22m '

Standard trawlmg speed ' : 4.5 kn

Towing timg,. - - 30 minutes

Coefﬁclent of catchablllty B KN

. Table 5.1.3 Nambers of valid hauls by stratum and total, 1982:97.

Year 141 12 21 22 31 32 41 42 541 52 &1 82 71 72 Sum
1982 20 M 16..-7 .8 .6..13. .2 1. 10 3...12 .1 25 136
1983 26 11 25 11 17 5 18 4 3 - 19 10 - 36 0 18 - 203
984 25 43 2. .8 18 .6 21 4 5 4. 2 8 .0 .5 i45,
1985 10 8 26 10 17 5 ‘21 -4 =5 21 14: 50 . 0 .28 219
1986 27 9 2 8 16 7 18 3 3 15 14 37 1 34 214
1987 26 1N 21 ...4 18 3 21 3 19 18, 13 40 .0 18 . 212
1988 34 21 28 ..-5 18 5 18 2 B 13. 39 0 26 238
1989 26 14 30 9 8 3 25 3 17 18 12 29 0 11 205
1990 19 7 23 .8 16 3 6 18 19 g 15 0 13 174
991 ig 11 23 0 7 iz 6 14 5 8 11 10 28, 0 16 170
192 & & &£° 5 6 ‘8 7 5 .0 0 © © ¢ & &3
1993 9 6 9 g 10 8 7 o 9 6 6 18 0 14 108
1994 16 13 13 : - 8 10 6 7 5 0 0 o 0. 0 6 84
1995 ¢ o 3 0 10 ‘7 10 5§ 8 & 6 17:- 0 12 84
1998 5 5 ] 5 12 5 10 5 7 a9 5 13 0 9 98
1997 5 <] 5 5 G 5 a 5 5 5 4 8 0 8 75
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Table 5.1.4 Cod off Greenland (offshore component). Abundance indices (1000) for West, East Greenland dnd total by T
stratum, 1982-97. Confidence intervals (CI) are given in per cent of the statified mean at 95% level of significance. () CF
incorrect due to incomplete sampling.

YEAR 1.1 1.2 2.1 2.2 31 a2 4.1 4,2 5,1 5.2 6.1 62 7.1 7.2 WEST EAST TOTAL Gl

1562 5082 726 47957 1888 i5%id4 5706 17750 468 6173 1443 ooo7a B0O0 1003880 2R

1983 431 467 16013 5170 14881 2326 10918 2228 1274 2276 2213 50204 7991  5SH19S 25

1984 377 179 4714 171 201 689 5353 4063 1780 780  166B4 (6603} {25280) 2

1985 19630 2428 13222 4395.- 10531 16387 - 7499 3564 373 3978 3348 T 4141 50343 12404 774733

1986 32439 1236 50908 229 3r446 1321 . 22104 .. -TBO, 6950 6676 | 820 145682 . 15234 160915 32

1947 330944 165t 248002 ' 154681 T B1114 18317 98%2 €527 6081 878 -7B6352 - 41635 B28028 59 i
1988 92024 2423 338740 84935 47336 | BY- 60946 7965 - -B0BS - 2060 4375 . - 1083 F26483' 23588 650080 .48 ;
1988 2497 920 27930 . 673 261502 " 55203 30906 38407 11600 9383 1436 358725 91732 450459 59 ;
1930 965 513 4155 3827 6014 LLo-103D3 12213 4956 2524 4533 9041 . - 4200 34525 25254 - 59777 .43

1991 268 205 180 152 1027 641 1839 523 23431786 779 1958 . . 3541 . 4805, 10407 15213, 29

1882 552  §22 17 137 121 74" 151 269 o © BsA 2043 (BSB)  (2700) 7780 !

1893 566 457 176 127 80 ar. ;.0 1252 7' BB 922 H0Z 527 437, - 3301 - . 4738 38

1934 206 103 33 33 72 23 B2 22 L ’ 801 §74"7 (801} (1875}~ 36 ;

1995 : 138 67 - 58 15 265 .. 7B 2933 13854 257 - 97B. 7187 74631 093 i

1938 182 128 78 1 121 .0 .288 4] 200;-, - -0 - 260 3m2 515 a11. . 1447 2257 . .38 . .

1997 0 47 35 [+] 120 & 108 o] 74 0 624 - 3456 - 315 4153 ‘4469 ' 75 :

Table 5.1.5 Cod off Greenland (offshore component} Bmmass indices (tons) for West, East Greenland and total by
stratum, 1982-97. Confidence intervals (CI) are given in per. cent of the statlﬁed mean at 95% level of sagmtlcance 0
incorrect due to incomplete sampling.

E-

YEAR 11 1.2 21 22 371 32 41 43 51 52 . 6.1 6.2 7.1 72 WEST  EAST TOTAL O ‘
1982 2378 307 63884 2632 - 40419 6745 30426 1927 14563 7127 128481  23e17 152107 o ;
1983 353 205 20215 7827 27806 0584 21374 6147 3512 11344 13154 82374 34157 116531 ‘
1984 B24 234 7508 234 7218 1055 8493 10397 4110 £237 DESGE (19744) (45309)

1985 2528 251 12869 2351 10731 590 5952 7073 1356 0956 9437 5744 35672 09565 69236

1988 10841 484 285008 80 28510 1428 19483 2645 1BE31 16543 A386 RE719  411Rs 127902

1987 283581 545 200832 118610 37210 10315 9054 92gl 17618 5316 6O858 61502 600181,

988 94175 1367 333848 TFA6T 44553 2 95 55045 §750 18204 B182 16858 35v# '€07988 - 59048 es0pas’c

1989 727 228 25829 441 231239 75386 A0514 127865 94957 31324 47B6 333850 230646 573395 46

1930 224 114 9882 190 5778 13185 11388 4229 6813 12954 24408 12560 34431 63354 00455 34

1891 91 72 73 45 1208 589 2621: . 451 . 4236.; - 57797 1263 7467 14008 515¢ 32751 37901 36 ..

19g2 135 195 23 a6 21 14 B1 102 S 1216 807 (i218) (1823 69

1993 135 88 43 33 M 10 0 a2 60 - 1742 1076 1860 359 5800 -, : 55941 it

1994 27 33 6 23 2 0N 4 13 L 2792 140 (279g) [e93n) B8

1995 26 13 11 7 03 185 - 1115 13750 382 57 15825 ~-.15881 9857 o

1996 23 64 23 20 51 0 192 0 167 ... O - 755 1004 1673 ar3 3599 3973, .56.., .

1997 g 40 24 G 107 4 {0 [ 57 g 1133 12473 284 15720 14ner! “gp Y

Table 5.1.6 Cod off West Greenland (offshore component). Age disaggregate abundance indices (1000), 1982—-1997, *) |
calculated proportionally using age compositions reported by the ICES Working Group on Cod" Stocks off East -
Greenland (Anon., 1984) ‘

- W ——
i 2 - -] 4 - - 5 5 [ ) 5 TR TATAL

YEAHR 4] 5 . B 7 B o 3t e 1438 Al

1882 0 176 884 33472 11368 . 32504 9525 2§10 574 928 91 124 bposs o T e i
*1983 0 a 1469 ¢ 2815 -26B19 4960 10969 1Ba2 ‘992 317 1B 13 50204 ) s o
1984 186 5 ‘ag’ 2084 0 1541 -+ 9648 860 1983 90 200 28 0 18665 : el ;
1985 B0 38277 1531, -B9B- 5958 o 2616 7184 375 £00 18 19 a 59366 5

1886 0 10575 114823, 4374 . 1033 ... 7837 2250 4167 Q7 449 23 B35 145673

1887 0 317 45474 692566 24230 5929 11813 1637 4006 ‘0 36 30 785368

1988 434 254 3290° 101820 511473 .- 5485 618 1134 862 1310 a4 39 626501 :
1889 12 204 2683 7618 170489 174532- 2868 0 259 40 M 5 358731 :
1990 158 47 1014 2000 |, 1272 ... 22120 6964 47 o 0 U 5 34BET ‘

1991 0 245 208 435 1280 0 160 2902 356 & ‘a a0 4772 ot S

1982 0 189 14731 227 48 ag: ‘0 B o o a .o f2054 :

1983 o 10 RAZ 45 ¢ 2D 28 B Lo 0 [V ¢ -0 1442 . ‘ e

1994 0 288 45, 193 . 38 [ R T Y 0 [ ¢ 0 §78 .

1995 0 0 241 16 22 o To L0 ] 0 o 0 279 . s

1996 0 147 11 ‘3@ 10 i 0 0 0 e 0 ‘o 818 ! i ;

1987 0 12 27 15 283 [ 0 0 0 .0 0 0 o 317 : i
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Tahle 5.1.7 Cod nff East Greenland (offshore r‘n[np(jneq 3. Ag ] e e N, .
calculated proportmnally using age composmons reported by.the ICES Working Group on: Cod Stocks off East

z 3 ) 5 8 7 Fy T 18 11t TOTAL

YEAR 4] 1
1982 0 0 -236 - 837 1758 1883 1222 .. 377 120 1370 73 87 _ .8B083 .
*1983 o] o 411 605 1008 1187 2128 . 1287 a2 288 703 01 7994
{1984) 0 18 ~ 73 1339 659 1403 853 - 1618 408 102 36 95 -.gees -
fedg 233 1932 s8¢ 117 2408 2038 1452 T8 tcge 284 L 7 12408
. 1986 9 1398 3346 1693 550 2419 112 2187 566 1594 - 116 201 16191
1987 D 13 13785 177E9 3850 1027 1767 452 - 1662 80 1023 1 41619 : L
1988 12 25 160 6975 11082 201 478 1410 - - 150 853 84 501 23561 . i
1989 0 8 177 494 17386 63169 2830 204  A746 ‘396 1560 488 21728 :
1990 0 37 79 552 483 5132 17898 265 71 238 o 4n 25246
1991 0 101 374 el 697 148 3524 5046 B2 ay - 1z -2 10429
{10a2) 29 29 73 9 59 54 47 143 52 a [+ 25 ‘SBO
1993 0 17 45 1860 370 279 278 .88 263 95 o - 9 3304
1554 & 87 G 2% a8 143 ar 135 LI B+ Bt 7 : :
1995 0 7 2623 1125 arg 1730 450 141 460 B 217 125 7184 - : .
1996 0 i} o 502 258 295 255 .7 V] 0 Qo 1447 : :
1997 0 0 37 28 1508 1611 566 - 236 - 140 .0 0 El - 4145

ol -

Table 5.1.8 Cod off Greenland (offshore component). Agé diéaggregéte abundance indices ( 100(')'),' 1982-1997. *)
calculated proportienally  using age -compositions reported: by the ICES Working. Group on Cod Stocks off East
Greenland (Anon., 1984). () incomplete sampling.

1 2 - 4 5 8 7 8 8 10 11+ TOTAL

YEAR 0

1982 0 176 1120 ¢ 13126 . 34497 . 10747 2887 704 2298 184 211 100339

*1983 0 (0. 1880, 84 27627 ... 5147 13094 3169 1294 582 .871 1140 58198

{1984) 188 23~ 1113 2300 11061 1708 3602 498 302 - 65 95 - 23270

1985 1122 41209 2080 8454 4851 - 9037 1154 2589 ap2 72 79 71774

1986 0 11873 118165 1583 10256 3371 6354 873 2042 t39 236  160B64

1997 a 830, 8259 agian 8958 4@sSp - opse ESgg 180 dags 18t Bp7an7

1988 446 ‘are 3450 522565 7446 . 1094 2544 812  t983 128 540 650062

1959 iz 2i2°  Z760 - 678656 ¢ ZaFrai © 5ESE B34 BOGS 436 TG 508 - 450459

1980 158 “B4 i, 1083 1735 27252 - 24962 312 71 238 0 418 59773

1991 0 346 582 1957 308~ 5626 5402 88 a7 12 20 15201

{1392) 29 218 1546 . 107 143 47 171 2. .0 . @ 25 . . .2634 .
1993 0 Tt 877 390! 307 - .284 88 - ' 283 95 .- 0 9.0 4748 .
{1994) o a7z . 45 298 . 148 a7 150 0 23 . .0 i 1359

1995 1] 7 2764 392 1730 450 141 460 38 21 125 - 7463

1996 0 147 11 268 295 265 80 77 ] 1] 0 2263

1997 0 12 64 1771 16811 568 236 140 0. 1 19 4462

Table 5.1.9 Cod off West Greenland (offshore component) Weighted mean weight (g., by stratum abundance) at age 1—
10 years, 1982,.1984-1997. -

YEAR 1 2 3 4 5 6 7 B ] W0
1982 45 181 570 @31 1770 213 2963 4080  S0a3 7008
1983 S

1984 68 137 384 799 1358 . 2010 2822 3611 4498 . 6208

1985 97 168 571 987 1481 2022 2841 3315 45317 3909

1986 74 332 504 1130 1669 2182 2696 3713 3880 4147

15857 55 223 o3 S20 1185 2163 2250 35G35 5563

1988 38 218 457 102t 1148 1948 28B8 2779 G711 4192

1888 38 170 454 689 1248 1182 2947 3292 5346

1990 40 115 340 588 806 1372 1111
1991 52 142 354 659 554 1379 1768 920

1892 B0 23§ 371 632 835 2067
1993 41 133 408 S0t 521 an

1894 45 129 459 608 1111 2481
1995 186 329 482

1888 42 104 5iz2 783 3845

1997 68 3934 975 994

Table 5.1.10 Cod off East Greenland (offshore component). Weighted mean weight (g., by stratum abundance) at age
1-10 years, 1982, 1984—1997. () Incomplete sampling.

YEAR 1 2 3 4 5 5] 7 2 9 10
1982 424 770 1422 2333 3507 4607 B521 6584 8504
1983

(eed) 104 351 81 1789 2216 3080 3802 4968 4632 5468
1985 M2 438 1045 1772 3163 3374 4471 4745 56862 7851
1986 83 376 918 1717 2677 4229 4147 4960 5969 &7
1987 34 283 €52 HE 1747 3805 4619 8107 5988 7556
1988 821 278 KLl 1797 3082 4305 4720 6522 6908 7441
1982 68 255 530 1124 2558 3715 3958 4985 5652 6203
1990 53 424 517 1150 1636 2637 3e99 5707 6735
1891 a7 195 411 1203 1896 2330 3382 4359 5186 10198

{1992) 22 46 683 1706 75 3028 azr 3489
1293 g2 383 732 1363 2363 2360 3609 4739 6159

{1594} 41 AARE! 2271 3054 4791 4827 5743
1995 66 250 445 1521 2942 4179 5248. 5821 9546 Téd2
1996 ’ 744 1844 2482 ag5ez G148 5847

1997 104 1525 1931 3454 4062 - 4562 - 4GBS




Table 5.1.11 Cod off Greenland (offshore component). Weighted mean weight (g., by stratum abundance) at age 1-10 : | |

years, 1982, 1984-1997, () Incomplete sampling.

YEAR 1 2 3 4 L 8 g - 7T - 8 9. 10

1882 45 240 574 988 1803 2316 3169 4346 ' -597B 6784
A . : .

l9g4 98 277 547 1098 1468 253 3358 4724 . 4545 5T : : - [ : : A
19856 g7 240 826 1219 2217 2300 3974 4413 - 5584 . 6B11° ’ - - E - s
18B6 ~ 75§ 333 619 1334 1907 2863 ‘3195 4762 5510 - ‘6304

1987 36 237 898 923 1278 2351 2 0616 - "598B - 6504

1988 11 221 475 1037 1872 2978 3947 3470 - 4774 - 16560

1988 37 176 459 738 - 1596 2480 - 3958 4B30 - 5436 - 6132:

1900 48 f38 369 746 1043 20a4  q470 ETAT T G7E5
1991 62 178 381  B53 1407 1975 9276 4124 5186 10788
1862 T2 244 445 1224 iF81  B0B6 G0FR 5468 - :

1803 67 44  BS8 1349 °poar 2819 .JB0@ <4739 . 6159

1994 44 129 542 2080 2988 4791 - 4748 5743

1995 68 244 443 1463 2948 #4179 5248 50P3 - Q48 17442
1996 42 104 8IS  1B99 2482 3694  S148 5847 :

1897 68 180 1000 1761 3454 4062 4562 4685

‘Table 5.1.12:Nominal catch {tonnes) of Cod in NA-FO.:Sub—a_rea 1, 19841997 as officially reported to NAFO. -

Country 1984 1485 1986 1987 1988 1989 1990
Farog Islands v N - - - - P51
Gemany 8941 " 2370 ai - UBS T B.574 - 12.892 7.515
Greenland " 24457 12,651, 6.549. 12284 52,135 ' g2.152 sge6 .
Japan 13 54 11. . 33 A0 - Cie b e
Norway 5 1 2 1 7 o2 948
UK : - - 927 . 3780 - 1.631
Total 33.418 14.878 £.803 12373~ 59.653  108.82¢ 68.961
WG estimate - - - - 62.653° 111.567% - 98.474°
Country S 1991 1992 1993 1994~ 1995 - 1996 1997 '
Faroe |slands S 1 - - - - - -
Germany o 95 - A - P - .
Graenland ' o028 5723 1,924 2.115 1,710 948 1,188
Japan - - - - . .
LUK - - - ) - - - -
Total 20.335 5,723 1.924 2115 1.710 948 1186 ‘
WG estimate - - - - . . . |

Provisional data reported by Greenland authorities
Includes 3,000 ¢ reported to be caught in ICES Sub-area ’X'TV

SRR PLE LT LT Calpiit A2 AT 2

wludes 2,741 t rennrterl to be canght in ICES Sub-area XIV

In
Includes 29,513 t caught inshore

1
)
2y
Ve
3)
4 In
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“Table’s.1:13 Nominal catch (fonties) of cod in ICES' Sub-arca XTV, 1984-1997 4s officially reperted io ICES. -+ ¢

1985 .

Country 1984 1986 1987 1888 1989 _ 1990
Faros Islands - - ] 86 e T2 R
Gemany 7.035 2.006 4.063 308 12.049 10.613" '::"26‘.419
Gireenland 1.051 106 808 . 45 3.7 44432
lceland - - - i "9 ' -
Norway 794 - - s " - 17
Russia’ LR -
" UK (Engl. and . - - B - 1158, . 2365
Walas) i Co
UK {Scotland) - - - e - 135 L 93
United Kingdom - - - - ) -
Taotal B.880 2112 4.755 6.909 12415 15861 - 33336
WG estimate 8.914" - - = '9457% | 14, 669" 733513t
Country 1991 1992 1993 1994 - 19495 1996 "~ 1997 "
- Faroe Islands - - - R - - -
Gemany B.434 5.893 164 24 22 5
Greenland 8.677 1.283 241 i 29 5
lceland - 22 - LR 1 - -
Norway 828 1.032 122 43 g ) 1. 15
Russia - 126 - N - - -
UK (Engl. and 5.333 2532 163 w - -
Wales) . i
UK {Scotland) 523 463 46 - - -
United Kingdom - - 296 Y- - B 181 284 -
Total 21, 800 11.351 736 437 284 192 338
WG estimaie 21.8i8° - - < - - - et

) Includes estimates of discards and catches reported in Sub-area XIT

) Excluding 3,000 t assumed to be from NAFO Division 1F and inclixding 42 t taken by Japan

*) Excluding 2,741 t assumed to be from NAFQ Division 1F and including 1,500 t reported from other areas. assumed to
be from Sub-area XIV and including 94 t by Japan and 155 t by Greenland (Horsted, 1994)

) Includes 129 t by Japan and 48 t additional catches by Greentand (Horstcd 1994)

) Inciudes 18 i by Japan
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Table 5.1.14 Cod off Greenland (offshore component). Catches (t) as used by the Working Group, inshere and.offshore .
by gear (Horsted, 1994).

Year

inshore -

19787
21063

o~

25 13U

26684

28184 | ..
28708 '
35164 .
36283
24173 ...
23106 .

DENO

sdeT

28956
28277
21215
22119

16114 -

14039

4 A

14753
2813

B706 .

36785

AN og

fp it p=r=

40021
26934

26689
19967

Cgagg i

5320
8445
22814
38788

29513
180580

L E=ta i)

5723
1924
2115
1710

953
1186

oftshore ‘offshore offshore

‘miscellaneus '

117238.

121878

1 USSOn 0L
121636
97457

140110
168092
138451

L S u e iu]

149234

132415 -
64286

36276
16101
25450

e et

w .
B - .
COCOQoOoOQETPN—=NO

115273

118495
4230EEF

oBT
136028
193583

ER L F=vaye]

[E= R lelsle]
182516
128777
122859
192007
273598
289143

243714

DRE4AEN

ELg

200086

293519

323800.. 3

174031
102196
113207

noa—rry

4730
46141
27695
33692
32157
21726
26059
20056
57584
40266
49827

.. 40891 -

22358

- B499

6036

10836

48089
85946
899535
11381
828
469
264
187
338

ONACFMIWGREPS\WWWWGRERPORTSM998\REPORT\REP.DOC

total
253366
315469

nErnao
=I0LT0

304152
226234
238132
332117
441690
427594

118297
138657

Anaanc

[l -
52881
45781
47055
40867
31807

26063
" 20092
57584
40266
51847

PR

a4oou
22363
78500
16038
-10837 -

49098
85948

total

273053
336532

[eT-EWT-T,]
L0 U0

330836
254418
266840
367281
477973
451767
385315
3842314

379276

" 454211 B
409301 .. ..

232426
134411
152696

4o
12T 0

72694
54487
53834
46313
46771
46358
56877
97706

80287

78781

-y

Fi1gig..

42330
116988

. 11358 -
19282 -

71910

129996
41914
17104

2752
2584




. Table 5.1.15 Codoff diféenlanfi { offshore comnonenﬂ ‘Summary table of the 1996 assesémént;.'- -

Run title : éreenla.nd’ cod - {offshore component) .

Tab. 5.1.17 cont'd
Run title : Grgenland cod - (offshore companant) .

At 6105[1996 ‘14 24
Tabla 18 Suma:y (without 3SOP correci::lon)

0 FIECFIUITS TOTALBIO TOTSPBIO' 'LANDI:NGS YIELD/SSE  FBARS-R

0 b4 . :
1955 153802 2882233 1817484 253266 1393 .1088
1956 6511983 2770848 1519485 315469 2076 1493
1957 104304 2143557 1331280 256208 . 1925 2100
1958 134529 2221787 1469227 304152 2070 2017
1959 463649 2157214 1042375 226234 2170 1891
1960 © 531882 25486878 12283880 . | 238132 . 1838 - 1544
1961 226870 2653216 1083431 7 332117 3065 - 2571
1962 93567 2432916 . 1035804 . . 441690 4264 0 4039
1963 409559 2414276 1020359 ' © ' 427594 - .0 419i 3694,
1964 703359 2428299 887216 362209 ©o4083 - G3873
1965 286689 2247323 716209 359005 SH3- T 4118
1966 329962 2311440 715518 349320 . .4882 - 4025
1967 105573 2069743 828645 425934 5140 4132
1968 37493 .- 1462524 .. . 775887 ..--. 388086 - .. ..BOO2.- ... 4396
1969 39073 B93208 8572007 210307 3677 3790
L1970 . . 22749 . . B54431 . 466971 118297 ... .2533 2190 .
1971 ' g7eep  'sEgi0Y | 'arvea4s 1 idedsy 0 Ages 3978 ‘
1972 4133 379199 248141 124495 5017 A732 o
1973 9181 228055 108533 62881 574 4311 '
1974 6196 143004 88940 45781 5147 6703
1978 24604 104875 54787 47055 8589 8065
1976 154622 221732 a3 40867 1.3563 8210
1977 16618 204073 20604 31807 1.5437 7643
1878 20081 200477 37754 20063 6656 2872
1979 26788 225420 78818 20092 2549 2936
1980 71104 178154 94123 57584 6118 5017
1981 14247 172700 71075 40266 5665 4135
1982 56541 158912 57228 51847 9060 7513
1983 7705 123786 46589 44330 9515 8125
1934 13774 93449 35644 22363 6274 6862
1985 1980 59414 . 29874 8500 2845 .2405
1988 10878 81114 32908 &03s8 1835 1590
1987 265710 249641 36166 10837 . .2098 .0989
1988 85126 333759 56409 49096 8704 7910
1989 1408 329006 B3g25 85948 - 1.0278 8285
1990 1621 167685 41003 100483 2.4506 1.3283
- 1991 635 54388 3ozz7 22966 7598 6994
1892 248 25292 20732 11381 5490 8148
Arith.
Mean 132544 1017498 478778 159407 5813 A734
Junits  {Thousands) . (Tonnes} {Tonnes} {Tonnes)

Table 5.1.16 Cod off Greenland (offshore component). Input parameters in for calculations of yield and spawning stock
biomass per recruit.

Age  WEIGHT (kg) MATURITY  Exploit pattem M NUMBER
3 0.815 0.001 0.154 0.2 1
4 1.255 0.004 0.425 0.2
5 1.863 0.15 0.643 0.3
6 2549 0.449 0.931 0.3
7 3.295 0.795 1.07 0.3
8 4157 0.946 1.445 0.3
g 4357 ©.39 1.267 0.3
10 5.836 1 1.027 0.3
11 6.447 1 1.027 0.3
12 7.09 1 1.027 0.3

O\A(‘FM\WCRFPQ\NWW(‘\RFPGRT_\!QQ \REPORTREP,

»
s
[\ ]
Fa:
p—



Str. 4.1

Str. 4.2

R

Figure 5.1.1 Cod off Greenland (offshore component), Survey ‘area, stratification and position of hauls carried out in
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Figure 5.1.2.Cod-ofi:Greenland - {ofifshore: component). Aggregaied survey abundance: indices for West and Hast
Greenland and spawning stock size, 1982-97. *) incomplete survey coverage.
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Figure 5.1.3 Cod off Greenland (offshore component). Aggregated survey biomass indices for West and East Greenland
and spawning stock biomass, 1982-97. *) incomplete survey coverage.
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'predlcted CPUE where the predlcted CPUE 1s g1ven by

52 Inshore cod stock off Greenland

In the last decade, the inshore cod fishery at West Greenland has contained cod from two different spawhing reas.
Icelandic cod spawned off South-western Icéland which in some years are carried by the [rminger currert to settle off
South Greenland, and lecal, possibly self-sustained, §j ord populations. Spawning cod are found in several fjords of
West Greenland especially i in NAFO Division 1B, 1C and 1D

5.2.1 Trends in Catch and Effort

Historically, the inshore catches have been of limited importance as the inshore fisheries have accounted for only 5-
10% of the total international catch. Annual catches of 15,000-20,000 t have been taken inshore during the period
955-1973. Since then the catches have heen varying consistent with the recruitment of strong year classes to the

1

offshore fishery High catches of about 50,000t in 1980 and 1989 have been followed by-periods of very low catches.
In 1993-1995 the catches amounted to only 2,000.t yearly, and in 1956 the catch has decreased further to the record
low. The inshore fishery takes place from small vessels (<40 GRT). Pound nets, gillnets and handlines are used to take
about 95% of the inshore catch. :

A_ eom_merr_:ia]_ pound net CPUE series is available since 1992 (Table 5.2.1). The mean catch pr pound: net-setting has
decreased from 804 tin 1992 o 408 tin 1997.

522 West Greenland yeung cod -sus'vey

survey nsing gangs of gill-nets with’ dlfferent mesh-sizes ( 16. 5 18, 24, 28, and 33mm‘1 has been developed and used
since 1985, The ohjective of the nrogram is to asses the abundance and distribution of pre recruit cod in mshore hareas
of Greenland. The survey has usually been carried out in three inshore areas off West Greenland : Qaqortoq (MNAFO
Div. 1F), Nuuk (Div. 1D) and Sisimiut (Div. 1B). The Greenland inshore cod stock is not distributed in the Qaqortoq
area, but occasional inflow of pre rectuited cod from East to West Greenland shows up here. The Qaqortoq area has,

however, not been covered s:nce 1995 due to ﬁnanma] cons:deratmns

Analysis of the selectivity of the fleet-of glll—nets have shown, that selectlon is best towards age 2 cod (Hovgaard 1992)
whereas only the larger individuals of the age 1 cod are adequately selected. In the .1997-survey a.total of 129 net
settings were made. Nets were sat at bottom and it was attempted to set the fleets at constant depths and to divide the
survey effort evenly on the depth zones of 0-5m, 5-10m, 10-15m, and 15-20m.

An index of recruitmient is cal¢ulated as the mean catch of 2-year old ¢od per 100 hours net sétting taken by all: five
mesh sizes. The recruitment index is shown in Figure 5.2.1 and reveals a strong 1985, 1986 and 1987 year-class. After
a moderate 1990 year-class the recruitment has been falling and ever since been below the 19851990 values.

e

523 Assessment

The available data for the Greenland 1nsh0re eod is not adequate to allow for a detailed analytlcal assessment of the
stock, but the results of a tentatwe general production model are presented. i

A Schaefer general production model was fitted to the Greenland inshore cod landing data using the commerc1al pound
net CPUE results for 1993 to 1997 as‘an mdex of stock biomass. :

In order to predict the time-series of b]Ol'naSS and- abundance index, it is necessary to have estimates of the annual
catches and of the intrinsic growth rafe (r), the average unexploited. equilibrium biomass (K}, and the bioniass prior (o
the first recorded catch (B1). To convert estirnates of biomass to predictions of ‘a relative abundance 1ndex, it is necessary
to have an estimate of the constant of ptoportionality betweén them (q) :

The model was fitted using Excel Solver to nnnnmze the sum of squared residuals between the observed CPUE and the

CPUEBpredi=B:* q

And the biomass is:

B = Be + (r*Be&(1-Bvk))-C:
Where C is the catch
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‘The ‘ininimization ‘was'doné for 1994 to 1997:with ‘the initial ‘biomass ‘estimated for 1993, In order 6 obtain stakle
results it was necessary to constrain the vn'gm biomass (K) to be h1gher than the assumed initial biomass. r-was
constrained to be between Zero and ene, whlle q was constrame ‘to b Igher than 0 001 '

=

Parameter values achleved from_the. general nroductmn mode] are shown'in Table- 5.2.2: Observed
CPUE-values are shown in f1gure 522, L ' '
The model 1mphes an FMS»,- of about 0 15 but the results sheuld be used with cauuon as they are’ based on very lumted;
data. I addition the. model does not account for the present recrultment failure of the stock. - S

524 Management Considerations

The inshore fishery exploiting possible self-sustained local fjord populations off West Greenland has historically been
small. The data presented indicate that the stock is continuously declining. All year-classes since 1991 are estimated to
be very poor in the juvenile survey. Restrictive eatch regulations for-the.fishéries: should therefore be kept to enhance
the recruitment prospects of the inshore stock.
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.Table 5.2.1 Greenland .cod - (inshore component) Landings,: observe and: predicte

d. CPUE based on data from inshore

‘Table 5.2.2 Parameter. valies ct.:tained:- form:ggr'leréi prddﬁctioq-model.

RETN LR

Virgin Rat of l g Init. Biomass
Biomass increase
12001 0.303 0.112 7427t

b
LAl
[
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pound net fishery.

Year Predicted Predicted Observed Ln (CPUE/B) | Observed
-+ Biomass CPUE .. - CPUE .. e .| Catch
1993 7,427 835 730 -2.32 1 1924
1994 6,358 714 768 -2.11 2215
11995 :4. 5,045 567. ... 600 =213 - .. 11710
1996 4,217 474 1534, ... . -2.07 | 948 .
1997 4,094 460 410 -2.30 1207
1998 . 3,701*

*predicted
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6. GREENLAND HALIBUT IN SUB-AREAS V AND XIV

6.1 Landings, Fisheries and Fleet

Tahles 6.1.1-6.1.6
Landings

Total annual catches in Divisions Va, Vb and Sub-area XIV are presented for the years 1981~ 1997 in Tables 6 1.1-
6.1.6. During the period 19821986, catches were.stable at about 31 000-34 000 t. In the years 19871 989 catches
increased: to abont 62 000 t, followed by a dprrpucp io ahout 35 000 ¢ m 1992_ The catches increased to 41 000 t in
1993, but have thereafter decreased to ’%0 000 t m 1997. Catches not officially reported to ICES have been included in
the assessment. Landings within Icelandic EEZ have. tradltronallv been renortec[ as caught in Division Va. Theréfore,
when referring to Division' Va (or Icelandic waters) the area covers both Va and thé Teelandic EEZ part of XIVb.
Landings and fishery relates to the Greenland EEZ part of XIVb.as well as international waters on the Reykjanes Ridge.

Catches in Icelandic waters have, due to quota regulations, decreased from 37 000 t in .1990 to 16 600 t in 1997, Faroese
catches in Vb increased from a level.of about 1 000 tin 1981-1991 to 6,500 t in 1996, whereafter it decreased 1o about
5000t in 1997, Catches in division XIVb have increased from below 1000 tin 1987—1991 to 8 300 ¢t m 1997

Fisheries and fleet

Most of the fishery for Greenland halibut in Divisions Va, Vh and XIVb is a directed fishery, only minor catches in Va
by Iceland, and in XIVb by Germany and the UK comes partly from a redfish fishery.

The major fishing grounds in Icelandic waters are located west of Iceland (64°30-66°N, 27°-29°W), where
approximately 753% of the annual trawl catch in Icelandic waters-Has been taken in recent years. The Icelandic trawlers
moved to deeper waters around 1988, but the average depth of fishing on the western grounds has remained at
approximately 900 meters since 1990. The longline fishery takés place in somewhat deeper waters (1000~1400 meters)
west and south of the major traw! fishing grounds. Additional: fisheries also occurs north of Iceland (67°-68°N, 19°-
24°W, at approximately 500 m), and along the narrow continental slope north-east and east of Iceland (63°30-66°N,
11°-16°W, between 400 and 700 meter-depth): The main fishing season in Division Va formerly occurred during the
spawning season in spring, but in recent years, the fishing season has expanded and the present ﬁshery is conducted in
late winter to early summer, with the bulk of the catches taken in Apnl through June. :

The trawlers (single trawlers > 1 000 Hp)'ﬁshing in DiviSion*Vb operate on relatively shallow parts of the continental
slope, mainly in summer. The gillnet fishery in Division Vb started in 1993, and since then the fishing:grounds have
expanded, This fishery is carried out during the whole year with a'pE:ak activity in the spring.

The fishing grounds in Division XIVb are found on the contlnental slopes (61°N-65°N, 36“—41°W) Trawlmg was
formerly concentrated in a narrow belt of the continental slope at depths of 500~1000 meters in the north-easternmost
area of XIVb, but has in 1997 moved to a southerly area between. 61°40-62°30N, 40°00-40°30W at depths of 1000~
1400 meters, where longliners are also fishing. The average depth of- trawlmg has, increased durmg the last 4 years The
main fishing season is from April 1o November for both longiiners and trawlers with the buik of the catches taken in

July. Both freezer trawlers and fresh fish trawlers operate in the area.

Py aratis gy IF\B\.T L led:] o‘\m“ _____ MFTLIL

VO IN-DL IN, 27 -4 W), boih inside and ouiside the 200 mile EEZ kA.lVU and All}
amoutted to approximatels I 100L ~od 1 00N & 3 100
AMOUTNISA 0 pproximaieny 8001tin 1596 and 1 500t in 1:!7:

Annual catches in 1997 are separated by géars in Table 6.1.6.

Bycatch

Recent report (WD No. 15), based on February 1998 measurements from a Greenlandic shrimp trawler operating in
Denmark Strait (XIVb), indicate that Greenland halibut, mainly prerecruits below 40 cm, may constitute a significant
bycatch. Measurements from February 1998 show that 0.48 kg and .81 individuals of Greenland halibut were caught
per 1 kg shrimp. Applying these values to the reported shrimp catch in this area of 3754 tin 1997, gives an estimate of 3
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million fich and 1800 t of Greenland halibut

¥ r‘h in ﬂ'ﬂ.‘-" Denmark

ulibut Strait shrimpfi
southern shnmp fisheries in XIVb based n a similar

hery. -Bycatch in'the

6.2 Trends in Effort and CPUE

undsisince 1990 but seem t6 have

unds have bheen about two to

Indices of CPUE for the Icelandic trawl fleet for the period 1985-1997 (Table 6.2.1} are estimated from a GLIM
multiplicative model, taking into account changes in the Icelandic trawl] catch due to vessel, statigtical square, month.and
vear effects. All hauls with Greenland halibut exceeding 50% of the total catch were included in the CPUE estimation.

~;The CPUE indices from the Icelandic trawling fleet in Division Va were used to.estimate the total effort for. each.year
. (y) for all the ﬂeetsiopqr;aﬁn_g qq-Grepnland halibut in area V and XIV according to:

(Eyvaxv =Y, v&m/CPUEyVa,W, A o L Wi e

where E is total effori, Y are the total reporied iandings in region ¥V and X1V

The total effort increased up to 1989, decreased somewhat in thel next two years, but has been increasing steeply since
1991. and reached a maximum in 1997. The CPUE was relatively stable'in 1985~1989, but has déclined sharply since
then to a historic low in the last two years The CPUE declined by ?2% from 1985 to 1997. In the Iast two years. the

CLIUIL l.ldb Ucblcd.bcu Uy l F'JO Ul.ll. ulU L,I'Ul'_‘. Ildb lUllld.lllCU UIC sare.

. For area XIVb, CPUE from legbooks in'the years 1991—1996 were standardised using a-multiplicative modei taking into
‘accourit lodality, fleet, season and 'year-EPUE-increased from 1991 to:1993; thereafter it remains relatively stable. In'the

same period the calculated effort has increased continvously until*1996; remaining stable in 1997. However, the fishery

.in XIVb-is: new-and catches have incteased from-a level of less than 500 tons annually befere 1991 to more: than-8000

tnne in T 00’! Tl’lﬂ f'ehﬂ-rxr wac fhnrnfnrn nnn“marl I‘n hn iy tha irnracd n'F ]aurninn mn ﬂ'la |-\ag1nrur|g n'F l‘l—u:l FDT TR - Sariac

ong'in 1997, The fishery harafore aseur v the process UJE-Series.
. H wever, the stability in t vears is in‘accordance with ob

6.3 Catch in Numbers at Age and Samplmg level

-The data set compnsmg the age-lerigth key for 1997 were from 2 different sources approximately 120- samples (1346

otoliths) from the Icelandic trawl fleet and lnm:r line fleat nnprnhnu in Tr'plnn.rhr' ‘water (Vn..lfpv‘l and 19 qnmnlpc (.d.""uR
otoliths) from the Norwegian long line fleet operating in Greenland waters (LLXIV- kev] Theqe kevs were used to
obtam catch in number for the length samnles for each of the following fléets and areas: R :

‘ Region.-: .- ...~ . .Gear - : '-z1!;.an4:l-'ings Nos.samples - MNos fish measured:: . - Key

Va west Trawl 11,341 320 12,300 Va, .
Va norih & easi Tiawl 1,733 30 420 . Va
Va southeast Trawl 2,079 50 1,993 Va
Va . - Longline ; . - 1,476 125 S 5012 - . Va
Vb . o ‘Trawl o 2,703 - . 2,879 Va
vb Gillget 2156 - . 1816 Va

- XIV o 7 Trawl GER 0 - 4,037 0 TN LT g0 Va
XV s -t - oo TrawlNOR - - 0 1447 R S s L104 . Va
~XIV. . Long line oo K022 oL 28 - 4,253 LLXIV
X[V Reykjanes Long line 1,970 42 1,666 LLXIV
TOTAL 25,864 598 127,383 B ’

voant Far tha

=

a lep [l’g wei 1’“‘ plah‘gr}s nead wae W = N N1758 * 1, 2.84387 l-'nv- au flagto

& Li BT YR Al GO o AR YY uu1 :_;u neels an

XIV, where W=1.45%10"*L>*"® was used. The total catch in numbers {Table 6.3.1) were obtained fro
above weighted with the catch within each group.

nAd aran a Tono
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G une WeightatAge - 7 o oo ol
Table 6.4.1

The mean weight at age in 1997 (Table 6.4.1) was derived from the weighted average of the above groups. Apart from
1994 1996 and 1997 only Icelandic data has been avallable Welghts at.age in the catch are also used as welghts -atage
. in the stock. - . ‘

6.5 Matunty at Age

: Table 6 5 1

‘Data on' maturit v at’ ‘age ‘were’ available far the years: 1982 1924 andi1991-1995, haq.ed on sainples frnrn fhp Irplnndm

2Aata Q18 i 1A e (i) E2 4 LAY Ll

trawl fishery. Data on maturity at age for ihe: years '1985-1990 were not available. The maturity at’ age for these years
was therefore estimated by averaging the data from the years 1982-1984 and 1991 (Table 6.5.1). Due to unreliable data
for 1994, 1993 data were applied to 1994, The data on maturity for 1996 and 1997 were based on information: from the

Icelandic October groundfish survey and from the Norwegian longline fishery in Division XIVh.

6.6 Stock Asgessment
6.6.1 Tuning and estimates of fishing mortalities
Tablas 6.6.1.1-6.6,1 4, Figures 6.6.1.1-6.6.1.2 :

ad DT rnl. Fom zema 1) maran A 1008 1007 ~htatead fomme tha Taolaemdia to. B
H ngc-umagglcsuwu Al UL Vaiucs 101 GBU EI.UI.IPD T la U¥el l..llE PGI.IUU LZ0J7LFF {y. UULALIIGAN LR RHIG AL lﬂllulh uawuus

fleet operating in Division Va, were used -in:the tuning process. The initial .tuning was performed iwith the same

" .shrinkage level-as used: in the:past two years (s.e. = 1.0). Since the retrospective analysis revealed a systematic trend

_ showing:an overestimation: in:terminal F-values (Figure- 6;6_.1.‘1A) a sgcond run was applied with.default shrinkage (s.e.
-=A1.5). Althongh the retrospective analysis also. showed.a similar sysiematic trend in overestimation of terminal F-values
(Figure 6.6.1.1B), the latter run.és.e. = 0.5) was accepted by the WG, since the overestimation in the terminal B-values
were less than in the former run (s.e. = 1.0). The diagnostics are presented in Table 6.6.1.1.

The terminal fishing mortalities from the accepted XSA run Were used to ruri a &aditional VPA. Nafural mortality- was
-assumed to be 0.15 and the proportions.of F and M before spawning were set 1o 0. The results of thls TUN are glven in
-Tables 6 6 1.2, -4. and Flgures 6.6.1.1 A and B. - : : :

.i
e

662 ) Spawning stock and recruitment; .
Figure 6.6.1.1

Spawning stock biomass is shown in Table 6. 6 2. 1 and Flgure 6.6.1.2 D ‘The spawning stock was between 70 and
80000t between 1978-1983, and 1ncreased to a maximum of 123 000 ¢ in 1988 Smce then. it has declined to a low of
67 500 tin 1997

Estimates of recruitment at age 5 is shown in'Table 6.6.2.2 and Figure 6.6.1.1 B. The iong term average for the period
1975—1995 is 32 million ﬁsh .The 1980 and 1981 year classés are the highest on. record at about 46 million. Since then
there has been.a decline in:recruitment, the numbers reaching a'record low of 21 rr_u_lllon fish in the 1987 year class. The
size of the 1988 year class and onwards are also below average. Estimates 'of the more recent year classes of 1991 and
1992 are thought to be unrehable since they are }ust entenng the fisheries where VPA stock numbers are considered
poorlycalculated R : e T e

6.7 Prediction of Catch and Biomass
67.1, . Inputdata

Tables 6.7.1.1-6.7.1.2
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The input data for the short term prediction are given in Table 6.7.1.1. Mean weight at age-is average from 1995-97 and
the exploitation pattern is average fishing mortalities from 1995—1997 rescaled to the level of 1997, Maturity at age is
the average of 1995—1997. Natural mortality was set to 0.15 and the proportions of F and M before spawning were set to
0. Year classes 1991 1993 were assumed to be equal to the average of the year classes 1986—1990 This is a reﬂectlon
’of the recrmtment bemg beiow average since 1986= year class, IR R e i : P

*Since TAC fof"th"é Greeril'anﬂ EEZ \}vas not i'eaehed in 1'997' and since in the Icelandic area'thie fishing is regulated biot to

exceed 10 000 t for the current fishing year, a catch constraint of 23 000 t was applied to 1998. This is based on-the
expectancy that the TAC constraint in Iceland wﬂl hold and on the assumptlon that the catch in other areas remain the
’sameasm 1997, : i . .. I ;

The Y/R calculation uses' the mean welght and maturity at age averaged for the: penod 1975 1997 The explmtatlon
-nattern is based: on an: average explmtation pattern ‘over: the period 1975 1997 rescaled to the level of 1997 (Table
6.7.2. Biological reference points
Froin the stock recruitment plot given in Figure 6.7.2 Fy.s was estimated at 037, Fiig, at 0.59 and Fi at 0,12

The following reference points were calculated by the WG:

T Fuame mf
lowi:. - 012 oclogs ste o b 50
IETENS. + B $.22 MSY.,; L .45,
omed o037 ' '
Cimax T 055 S :
high 0.64 : Cod e e
loss 0.89
MSY 0.96
crash 3.35

The SGPAFM' suggested in thelr draft (ICES CM 1998/ACFM: 10 Ref. D) that Fp, should be'set at Fm,_.d and that' B pa setat
70 000 t, based on the lowest estimated biomass in recent years. The WG accepts the suggestion of using Fid % 0:37 =
Fpar The By, value that the SGPAFM proposed was the SSB in 1996 based on the 1997 assessment. Since the revised
“alue of SSB in 1996 fbemg ‘80' 000 t based on the current assessment, is c0n51dered to be ‘a better estlmater 1t is the

Favatal

'recommenuauon of U'lﬂ WU [D (]611[13 Dpa_ G000 .

The-working group did not redch a finai conci'u:sion‘fot tite definition of By, and Fji, bul propesed a preliminary vaiiie
for By, as By, = 50 000 t. This is the estimated SSB in the beginning of the 1975-1997 data series. Using this

preliminary value of Byy, the same vatue of Bpa as derived above cin be obtainéd by using By, = By e **, where 6 =
0.3.

673 ' Projections of catch and biomass
Table 6.7.3.1

/At the beginning of 1998, the total stock is estimated to have declined to about 131 000 t, and the spawmng stock to 63
000 t (Table 6.7.3.1). The caich premcnon of 23 000 t in 1998 will resuit in an esumatea fishing mortamy or 0. 37,
which is approximaiely 20% less ihan F in 1956. Assuming an F in 1555 o be the same as in 1998, resulis in the stock
remaining in a stable, although low, state in the begmmng of 2000. A minimum of a 50% reduction in F in 1999,
' _compared with the estimate of 1998, 1s ‘needed to increase SSB to any extent above the 1998 level. This will restilt in F
*values ‘of less thai 0.19 and catchies less than 12 000 t in 1999. This is “equivalent to the reductlon in F or yleld in

accordance with how close the estimate of biomass in 1998 is to B, and the proposed Biin.
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687 Management'-ConsideratiDns. -

Flgureﬁ 8 1 Pea

v

The Greenland hallbut stock biomass has been fallmg raptdly from a peak in 1987 Catches in the last 7. years lhave
remained between 30 000-40 000 t, despite increase in F and effort over the period. The fishing mortality has been
-substantially above Fo, since 1986 and:is currently above the level of Fj,. The S§SB in 1997 and 1998 is. also below the
Bpai. - S T S R _ e C e

The stock recruitment relationship is highly negative (Figure 6.7.2), indicating that the highest recruitment is-to:be
expected at low S8B. With respect 1o time, however, the recruitment in the beginning of the period (year classes 1975—
~1985) was above average but recruitment iri.the latter. part of:the period (year classes 1986—1990) have.been below
-average, i.e. 38 and 23 million; respectively. The yield-per-recruit computations indicate that the obtainable yield. at.Fg,
is 1.06 kg per recruit. The average yield from the year classes 1975-85 and 1986-95 were or are thus not expected to
exceed 40 000 t and 24 000 t, respectively. :

An equilibrium analysis (Cook 1997), gave an Fy.q = 0.16, this being based on the most recent year classes in the data
series (Figure 6.8. 1) This analysis_ SUppOrts. our suggested F- level boundary in the coming years. lhe probamuty that the
suggested F- levels will exceed F,,, are iess than 1%. However, by fishing at the 1997 level (F = 0.47) there is a 30%
probabiiity of exceeding Fios,.

Considerable reduction in catch is needed to rebuild the stock, necessitating strict management regulations.

No formal agreement on the management of the Greenland halibut exists among the three coastal states, Greenland,
Iceland and the Faroe Islands. The regulauon schemes of those states have previously resuited in catches well in excess

of advised TAC’s Dy ICES. Since there is no agregimnent in btgllt in the tUtUSUcdutc fuituie, it is c.{pcuc:u that the catch
will continue to be above the ICES TAC advise.

6.9 Comments on the Assessment

~ PR | k- : b T T T - T s o ¥ = SIUAy Y Sy [RUUURPIF NIV I PR - REVREs) R WRpRpRs R .-goy R gy - Joy
1mpr0veo samp g 0L CAICI didla 18 necdod. Inlormation on age COMpOsIIon and MAailily 1ol e uawl Hsnciics im
X1V and from bmh the gill net and trawl {fisherics in Vb are lacking and information on maturity from the fisheries in. Va

are'suspe(‘.‘t. o ‘. . _. _-Vl",“. : Ty l : . o o |

Progress: has. been-made in-an attempt to. quantlfy dlscrepaneles and bias in age readmgs among. Greenland hallbut age
1 Y an ﬂ'u: work will continoe (ICES 1807, The age readine on samnles Fr'nm Ihg P .n'ml ﬂFE‘T

e " Rt L R R - UL B AR R U LS i S A LB i

performed by the same person since 1994, and are internally onnqletent Samnles

AG DETAUTIL S

different age readers cach year, but are 1ntemal]v consistent. .

Precision and:standardisation in _ae;g:ﬁnjﬁagian,gf'niatqr;ay_agg'bamy needed,

e u ily one commercial fleet for tuning ic a cause of concern since the fleet covers only a part of the total
,,,,,,,, area. Fleet data from Division XIVb may hopefully be included in future assessments. Althouﬁh Iceland and
Greenland, respectively, have inijtiated, annual surveys, on the Greenland halibut grounds within Division Va and XIVb,
it will not become of use in stock assessment in the near future. In the interim period it is recommended that available

log book information from Division Vb be compiled and made available to strengthen the basis of the stock assessment.

Short term [ redlctlons are based on assumed recru1tment values Ind1ces of reerultment of Greenland hahbut a:re “an
__obv1ous prerequ131te for sound management advnse ;

-f_Although some taggmg experlments.ab" stock dlscnmmatmn analy51s (DNA electrophoresw, paras;te burden mensnc
stud1es) have been cartied out in recent years further. understandmg on the basic blology of the Greenland

components in the area is needed
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Table 6.1.1. GREENLAND HALIBUT. Nominal catches (torines) by counitties,

in Sub-areas V, XII and XIV 1981-1997, as officially reported to ICES.

1981 1982 - 1983 1984 1035

1986

Country 1988
Denmark - - - - - - 6 +
Faroe Islands -+ - v 167 1,532 ..1.146 2,502 1,052 833 . 1,096 1,378
France S 8 27 1 236 489 845 52 19 25
Germany Senle 3,007. 2581 013142 0 936, 863 .. 858 565 637
Greenland S + I 5 15 - - 81 177 154 L3717
.Iccl_'.'.a.n_d_ 15,457 28,300 28,360 30,080 29,231 31,044 44 780 49,040
Norway =~ i o - - 202 34 2 !
o | - T - - R ’ " )
UK (Engl. and'Wales) - . - - - - - - -
UK (Scotlandy o - - - - - - - -
United Kingdoni A T T - -
“Totalk o s 190939 - 32441 30,891 - - 34,024 32,075 - 32,984 46,622 51,118
Workmg Gfoup esnmate B o e P . _ [E——
Country 1989 1990 1991 1992 1993 1994 1995 - 1996 ! 1997 !
Denmark - - - - - - - T o
" Farec Islands 2319 1,803 1,566 2,128 4,405 6,241 3,763 6,148 4,971
France - - - 3 2 - - 29 -
Germany 493 336 303 382 415 648 811 3,368 3,365
Greenland 11 40 66 437 288 867 533 1,162 991
Iceland 58,330 36,557 34,883 31,955 33,987 27,778 27,383 22,055 18,462
Norway 3 50 34 221 846 1,171 1,810 2,157 1,862
Russia - - - 5 - - 10 424 70
UK (Engl. and Wales) - 27 38 109 811 513 1,436 386 -
UK (Scotland) - - - 19 26 84 232 25 -
United Kingdom - - - - - - - - 243
Total 61,156 33,813 36,890 35,259 40,780 37,302 35,978 35,755 29,964
Working Group estimate 61,396 39,326 37,950 35423 40817 36,957 36,28_8 35,826 2 -
25

=l



Table 6.1.2. GREENLAND HAL[BUT Nominal caiches (tonnes) by countncs, e

z 7. 1001100
lll Ul\'lbl.ull ¥a 1Fal-L7y

fhcially reported io ICES.

Country 1981 1982 1983 1984 1985 1986 1987
Faroe Islands 325 669: ; ©.33 46 - .- 15 379
Germany - N Tl C - - - -
Greenland - - - - - - - -
Teeland 15:455 28,300 28359 30,078 - 29,195 31,027 44,644 49,000 -
Nerway - - C+ 4 2 - - -
Totat - 15:780 28,969 28392 30,024 29197 31,027 . 44,659 49,379
Working Group estimate - - - - - - - - y

. B YRR
Country 1989 1990 1991 1992 1993 1994 1995 1996 19971
Faroe Islands 719 730 - 273 23 166 910 13 14 . 26
Germany - - - - - 1 2 O -
Greenland - - - - . 1 - -
Iceland 58,330 36,557 34,883 31,955 33,968 27,696 27,376 22,035 16,603
Total ~59.049° - -37,296° - - -35:156 31,978 34,134~ - 28608 - 27,391 - -22.073
Working Group estimate - 59.272 2 373083 .- -35.413 ¢ - - - - 22,072

1) Prowstonal data

‘2) Includes 223 t catch By Norway

"'3) Includes 12t catch by Morway.

4) Includes additional catch of 257 t by Iceland,

258




Table 6.1.3. GREENLAND HALIBUT. Nominal caiches (mnnes) by countries,

in Division Vb 1981-1997, as officially reported to ICES.

1986

1987

1988

1984

1985

Country 1981 1982 1583

Denmark LT Lo . LT R N L. +

Faroe Islands. 442 863 1,112 2,456 1,052 775 907 901

France 8 27 236 489 845 52 19 25

Germany 114 142 86 118 227 13 109 42

Greenland - - - - - - - -

Norway 2 + 2 2 2 + 2 I

UK (Engl. and Wales) - - - - - - -

UK (Scotland) - - - - - - - -

United Kingdom - - - - - - - -

Total 566 1,032 1,436 3,065 2126 940 1.043 969

‘Working Group estimaie - - - - - - - i

Country 1989 1990 " 1991 1992 1993 1994 1995 1996 1997 "¢
Demnark - - - - - - - - -
Faroe Islands 1,513 Losa " 1,293 T2,108 4,058 5163 3,603 6,004 4750
Franice's T T 3 T2 - cagn el
Cermany 73 43 24 71 24 g 1 el 41
Greealand - i ) ) ) C ) ) e
Norway 3 42 16 25 335 53 142 281 ' e
UK (Engl. and Wales) - - - 13 15 - 31 122
UK(Scotland) - - - 1 - 27 12 -
United Kingdom - : - - : .- - 26
Total 1,589 1,149 1,333 2,206 4434 5,224 3.804 6,469 ' 4859
Working Group estimare 1:606 * 12823 662 ° 2260 ° - 3290 ' - -

1) Provisional data

2y inctudes-17.t taken by France
3) Includes-133 t taken in Division Oa. (Faroese waters} .

4) Includes 317 ttaken in Division Ila (Faroese waters} + France 12 ¢.
5) Includes 63 t taken in Division a (Faroese waters),

6) Quantity unknown 1989-1991 and 1993-19%4.

[~
o
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Table 6.1.4, CREENI ANMD HAT IRVIT, Nominal catches {fonnes) Ey'_ountnes,

in Sub-area XIV 1981-1997, as offi cnally reportedt ICES. J
Country - 1981 1932 1983 1984 1985 1986 1987 1983 " :
Faroe Istands - - s - . 78 74 98 fer
Germany _ 2,893 2,439 1,054 g8 - 836 745 456 595 IR
Greenland + 1 3 15 g1 177 154 17

Iceland . .- 1 2 36 17 136 40 '
Norway - - - + - - - -

Russia - - - - - - .

UK (Engl. and Wales) - . - - - - - - -

UK (Scotland) + R T - o - - -

United Kingdom - - - - - - - -

Fotal 2893 2440 1060 833 753 1,017 220 70

Wo ‘}( qu;gun gsg_migp .. e m e e - - - - -

Country B 1989 1990 1991 ° 1992 1993 71994 1,995 1,996 - 1097
Denmark , _ - - - - - - - 1
Faroe Islands 87 - - - 181 168 147 130

Germany : : 420 293 279 311 391 639 808 3,343

Greenland - . 11 40 66 437 288 . 866 533 1,162

lceland g ' + . - . 19 82 7 N

MNorway .. . ... o - ... B 18 196  S11 . 1,118 1.668' 1,874% . 1,820
RuSSid- " .. ..ol R - - 10 424 70
UK {Engl.and Wales} - 27 g 108 794 513 1408 264 2
UK (Scotland} . - 1% 26 R4 205 13 -
United Kingdon - . - - - - - 217
Total 518 368 401 1,075 2212 . 3470 _ 4,783 7211 . 8429
Working Group estimate - 7362 8753 1,176*% . 22493 . 3,195% -5071‘7 72838 e
1} Provisional data

2} Includes 370 ¢ catches taken by Japan

3y Inciudes 335 1 caich taken by Japan and 15% i by vibker vouniries as reporied io Grecnland,

4} Indicates additicnal catches taken by Germany (96 ) and UK (17 1} ag reported to Greenland,

BCGINSNG: agen oy Lerma reported

5) Indicates additional catches taken by Germany (37 t), Norway (238 1), UK (182 t) and Japan (62 1) as reported 1o Greenland.

6} Total reponted to Greenlandic authorities are used in assessment: 159 t wawl (Norwegian charter), 205 t gillnets (Norwegian charter).
405t from Morway oot included in working group estimate.

7) Includes 273 ¢ offshore gillnets {Greentand charter)

8)y Working group estimates as in Table 6.1.5. Inciudes 72 t by Germany

Ay 3 mas AN DT Y.

9) inside Z{G EEZ: 1505 1. Quiside 200 EEZ: 36%:i.
10} Ingide 200 EEZ: 1756¢, Qurside 200 EEZ: 641,

BRoe LU0

Tahle 6.1,5, GREENT AND HALIB1IT. Nominal catches (tonnes) hy countries

L ALFIC U AN A el ke har AR LAl L

in Sub-area XII 1996-1997, as officially reported to the ICES.

Country 1996 1997
Faroe Islands 47
Norway 2

Total : 2 47 .




Table 6.1.6. 1997 Catch statistics for Greenland halibut in V and XIV. Workmg

Group best esnmates

Unknown SUM:

Va Long line ‘Trawl  Gill Net
Faroe Islands % 26
Germany, Fed. Rep.
Greenland
Iceland 1,476 15,098 24 5 16,603
Norway . ' )]
Total 1,476 15,068 24 .31 16,629
0.00 0.55 0.44 '
Vb Long line Trawl GillNet Unknown SUM
Faroe Islands 220 2,636 2,005 - 4,750
France 0
Germany Fed. Rep 41 41
Norway T ‘ 42 42
UK (England & Wales) : 0
UK (Scotland) ' 0
United Kingdom - - 26 26
Total B 20 2,703 2,137 -0 4,859
b4 H Longlne “Trawl GillNet Usnknown SUM
Faroe Islands 47 : 47
Total 47 o 0 0 47
Xiv Long:line ‘Trawl - Gill Net: Unknown SUM .
Denmark 0
Faroe Islands _ 148 148
Germany, Fed. Rep. . 3,324 3,324
" Greenland : _ o991 991
Iceland (outside 200 EEZ) 1,859 : S 1,859 .
" Norway (inside 200°EEZ)} 1,022 734 _ 1,756
Norway- (out51de zUU EEZ)- .33 _ 31 64
Russia 70’ . 7
UK-(England & w'ales) o
UK (Scotland} g 1]
United Kingdom 217 217
Total 2914 5,484 31 0 8,429
Summary of catch by gear Long line Trawl  Gill Net Unknown SUM
4,457 23,285 2,192 31 29,964




Table 6.3.1 Catch numbers at age . Numbers*10#+-3 .. : .

YEAR, 1975, 1978, 1977,
AGE
5, 120, 43, 0,
6, BOO, L2986, 34,
7. 1775, 584,-. . . 671,
A, 1782, 621, 1727445
2, 1253, 431, 2288,
10, 9286, 244, 834,
11, 464; 121, 420,
1z, 459, 86, 423,
13, 279 37, 174,
14, 193, . . 32, 120,
15, 137, 14, 28,
+ap, 85, 9, 141,
0 TOTALNUM, 8279, . 2514, 6861,
TONSLANE, 23494, §045, 16578,
SQPCOF %, 126, 100,

100,

Catch numbers at age Numbers*l0**~3 S
’ 1980,

YEAR, 1978, 1979,
AGE ]
5, 23, 29, a7,
6, 91, 197, 502,
7, 347, 1605, i538,
8, 1037, " 2253, 2630,
a, 1214, 3090, 3128,
10, 848, 1693, 2324,
11, 567, . 880, 1739,
12, 312, - 394, 849,
13, 232, 2486, 578,
14, 218, 189, 3086,
15, 114, .. 147, ..143, .
+ap. 204, 710 125, VLR
o] TOTALKUM, 5207,- 10848, - 13896,
TONSLAND, 14349, 23616, 31252,
SOPCOF %, 100,  1¢1, Ceg,
. Catch numbers at age Numbers*10+*
YEAR, 1988, 1589,
AGE
5, 129,. 499, 188,
6. 742, 1657, 463,
7, 2068, "~ ‘4485, 1513,
8, 2985, . . 5961, 3515,
9, 3166, . 5763, 4186,
10, 2966, © 3248, 3143,
11, 1848, - 1601, 1224,
12, 1761, 1458, 950,
13, 1851, 1237, 568,
114, 701, 508, 358,
15, 216, 382, 137,
" +gp, 248, 145, 61,
0 TOTALNUM, 18674, 26920, 16315,
TONSLANE, 51118, 61396, 393286,
SOPCOF %, 101, 100, 100,

o
f=)
[

198,

RARSTTIoE

289,

1225,
1797,
2866,
2935,
2074,
1130,
1072,

924,

2240,

34z,

15290,
37950,

101,

T

1982,'

300;
ii4a,
2451,
26446,
24586,

1803

963,
609,
331,
195,

.32}
13034,

37441,
100,

11992, 1.

1i7;

"1983,

10,
240,
1611,
2651,
3060,
2443,
1693,
978,

924, ¢

174,

37,.

47,

13368,

30888,

101,

1993,

45,
101,
“1ala,
5072,
4365,
3887,
1554,
1425,

581,
137

138,
14,
18531,
40817,

93,

1984,

1994,

78,
672,
2197,
3815,
3648,
2330,
1715,
990,

422,
a7,
168,
177,
16583,
36957,
100,

1985,

441,
iois,
2295,
3454,
2749,
1452,
627,
423,
© 137,

386,..

46,

12803,

32075,
103,

T 1995,

503,
1887,
3p30,
1246,
2607,

1952,

1548,
1132,
637,
444,
240,
232,
17228,
36284,

100,

1986,

1996;

178,
1188,
2908,
3181,
2119,

1755,

1610,

121§,
665,
E44

2138,
503,
16409,
35828,

100, .

1987

965,

927,

€45,

370,
273,

[T ) P RN

133ol,
29964,

I
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Table 6.4.1 Catch weights at age (kg)

YEAR,

AGE

Q SOBCOFAC,

Catch weights at
YEAR,

0 SOPCOFAC,
1

Catch weights at ag

o

ToAR,

AGE
=
By
e
8,
9,
10,

11,

12,

13, .

14,

15,

+gp,
0 SOPCOFAC,

1975,

- .9680,
1.1830,
1.4230,
1.8540,
2.2560,

5 enT1n
L. ol iUr

3.0810,
3.5910,
4.6040,
4.69350,
5.1510,
6.9020,

1.2550,

age. {kg)
Ta7

* . .9680,
T.1990,
114230,

N

1.00863,

Stock weights at age (kg}

YEAR,

1875,

9680,

.......

5.1510,
6.9020,

19376,

1.1570,
1.5850,
1.7680,
z.1800,
2.5700,

2 n1en
Feiauu,

3.7300,
4.0520,
4.8150,
5.3480,
5.7520,
7.0940,
1.0024,

.......

5.7520,
7.0940,

1877,

1.1570,
1.0460,
1.4250,
1.7940,
2.2280,

noEsTn
e GGy

3.0170,
3.9140,
4.0400,
4.7140,
5.4010,
5.5970,
1.G008,

1980,

1.125C,
1.2830,
1.4870,
1.7580,

- 1ean
Lad23U,

2.2790,
Z2.44840,
3.0590,
3.7830,
4.5070,
5.1380C,
5,9830,

.9902,

6.0490,
.9998,

1977,

1.1570,

5.4010,
5.5970,

©.1.0710,

1.2570,
1.4400,

" 1.6600,

1 0ETIn
LedoiU,

2.2580,

©2.5150,
.2.9500,

3.4500,
4.0330,
4.6520,
5.3300,
1.0024,

1.0010,
©1.2470,
1.4720,

1.8100,
2.0880,
2.4400,
2.9350,
31,7370,

4,4010,

P onaan

2 .Uy
5.9510,
b, 4120,
1.0097,

1.0106G,
1.3680,
1.6180,
1.9050,

2. 1870
2elTildy

2.5160,
2.7610,
3.1290,
3.7850,
4.4750,
4.9850,
6.0B80,

.9997,

5.1280,
1.0033,

19R3,

.5840,

©1.3380,

1.5770,
1.8480,

2.o1£an
PLaT B )= L Y

2.4340,

2.86030,
3.0340,

3.7840,

4.4460,
4.7510,

. §.3850,

1.0110,

1084,

. 9420,
1.2750,
1.5920,

1.8170,

2.2400,
2.4610,
2.8350,
3.2620,
3.9620,
4.9360,
5.2300,
7.1920,

L9937,

1985,

.9950,

*1.2300,

1.6300,
1.9510,

t2.3¢7

L3670,
2.6370,
Z.8290,
3.3530,
4,0060,
4.7920,
5.2310,
6.3230,
1.0258,

. 9500,
1.2130,
1.4130,
1.7030,
2.0280,
2.2794,
2.6430,
2.9920,
3.5680,
4.0680,
5.3020,
5.6140,
1.0013,

1986,

1.0300,
1.2380,
1,4990,

1.9370,

3,3530

TSIy
2.6310,
7.8480,
3.3350,
4.03%0,
4.9250,
5, 4660,
5.9850,
1.0060,

nog
D50,

1.1010,
1.1240,
1.3460,
1.6490,
1.9250,
2.3420,
2.5950,
3.0130,
3.5150,
£.1230,
1.9960,
5.8459,
1.0011,

1987,

1.0300,
1.2180,
1.5330,

1.8240,
2 1ﬂ'.'g'

. 2.6660,

Z.9960,
3.5950,
4.4310,
5.1400,
5.7640,
7.2670,

.9785,

.9180,
1.1070,
1.3344,
1.640C,
1.8820,
2.2400,
2.5370,
2.8450,
3.37990,
4.3400,
4.8230,
5.7790,
1.0056,

£.263



Table 6.5.1 Proportion mature at age

YEAR,

9P,

-Proportion mature at

1975,

. 0000,
L0300,
.1000,
. 3500,
L1700,
. 9600,
L0000,
.0000,
.0000,
0060,
. 00060,
.0000,

YEAR, 1978,

AGE
5, .0000,
"6, .0300,
1, .1000,
B, 3500,
9, 7700,
10, L9600,
11, 1.0000,
12, 1.0000,
13, 1.0000,
14, 1.0000,
15, 1.0000,
1.0000,

9P,

Proportion mature at age

I3

¢

vTan
TEAR

r

T ann
1344,

.0100,
.0600,

2100,

. 3500,
. 4600,
6400,
.B200,

O e e

[l el

1976,

.0000,
.0300,
.1000,
.3500,
.7708,
.9600,
.ogoa,
.0009,
.0000,
.0000,
L0000,
.0000,

......

L0100,

0600,

T .2100,

.3500,
.4600,

" 5400,

L8200,
L9800,
/0000,

nnnn
SULUU,

,0ceo,
L0000,

o e

1977,

.0000,
.0300,
.1000,
.3500,
L1104,
L9600,
.0009,
.0D00,
.0000,
.0000,
. 0000,
L0000,

R e

1980,

L0000,
© D300,
-= 1000,
V3500,
L7700,
L5600,
.0000,
.0000,
.0000,
.00og,
.0000,
.0000,

(el ]
oo

[=

o

=)

1982,

.0000,
L0500,
L2000,
23300,
.5000,
.1000,
L8500,
.8400,

.0200,
.0400,
L1100,
.2500,
.4700,

.6800,

B e N

L8500,

.9g00, -

-goaog,

GG0G,
.QCoo,
.oooo,

1983,

L0400,
L0700,
.1500,

. 2800,
. 3800,
. 6000,
.B500,

. 9800,
nnna

SoLLU,

. 0000,
.0000,
L0000,

[y

P
L1553,

.0300,
L1200,
-.2700,
. 4000,
. 4500,
5400,
L6300,
7800,
L8300,

.5700,
~1.0000,
1.0000,

s s pa

1984,

.0G00,
.G800,
L1300,
.3200,
L4200,
L6400,
.7500,
. 9300,

onnn

SULLD,

.ocoo,
.0o0g,
.0ooa,

1.0000,
1.G000,

1985,

0100,

- .0600,

..2100,
. 3500,

4600,

. 6400,

.§200,

©. 8600,

e

nnnn
SLULU,

.ooce,
.0000,
.0000,

' 1988,

. .0100,
L0600,
L2100,
L3500,
L4600,
L6400,
8200,
L8600,

nnnn
[Reae 000

q
1.0000,
1.0000,
1.0000,

3040,
. 3100,
3930,
L4640,
5280,
.. 6260,
6900,
L1730,
8700,
L9530,
L9810,

11,0004,

1987,

.0100,
L0600,

2100,
.3500,
L4600,
. 6400,
L8200,
.be0o,

annn
PRI

.gooe,

2240,
L2910,
L3880,
. 4380,
4950,
.5880,
L6670,
1
.8494d,
L8480,
.9720,
. 9860,

L0000, -




Table 6.6.1.1 Output from XSA

Lowastoft VPA Versiom 3.1 4-May-98 12:04:32
Extended Survivors.Analysis )
G. halibut V.& XIV (run: XSAEHJO4/X04).
CPUE.dééajfroﬁ:éiie-fusgrsffishfifadiii;ﬁw@fkfnwwgfghl_grnf?‘EET.X64_

Catch ‘data for® 23 years. 1975 to 1997, Ages 5 to - 16.

¥leet, = . First, Last, First, Last, Alpha, Beéta
o ¢ .. Yyear, year, age , age - !
FLTOG: Va TRW.85-96 , - 1985, 1997, 7, 12,  .000,  '1.000

Time series weights

Tapered time weighting applied
Power = 3 over 20 years

Catchability analysis

Catchability dependent on stock size for ages < 7
PBamnracainn Fiuma = O
Regression type = C i
Minimum of 5 points used for regression

Survivor estimates shrunk to the population mean for ages < 7
Catchability independent of age for ages >= 13
Terminal peopulation estimation :

Survivor estimates shrunk towards the mean F
of the final 5 years or the 5 oldest ages.

S.E. of the mean to which the estimates are shrunk = .500
[V TR g p— ke mem of e mmm] moms o ——— B TR, [ up Sy ey

PLLILLLLLUL D LGQipfddalid ©LLOGL LWL Wup7dlatiiiil

estimates derived from each fleet = L300

Tuning converged after 28 iteraticens
sion we s ' ’ b
. .¥51, .820, .877, .921, .954, .97e, .990, .997, 1.00Q, 1l.00C

Fishing mortalities
Age, 1988, 198%, 1950, 1991, 1%%2, 1993, 18994, 1395, 1998, 1997

5, .004, .015, .00, .012, .001, .002, .004, .Q23, .008, .004
6, .023, .061, .01s, .044, .021, .024, .037, .098, .085, .028
7, 075, .17%, .0e%, .078, .Q9I, .1il1B, .170, .219, .249, .206
8, .143, .300, .1%e, .171, .187, .326, .344, .387, .354, .34C
3, .Z73, .44, .33%, .Z3e6, .2Z3, .38%4, .38%, .3354, .438, .443
g, .407, .46%, .408, .262, .383, .380, .343, .352, .475, .465
1., .41%, .378, .304, .236, .399, .327, .385, .380, .515, .492

12, .448, .647, .385, .448, .431, .533, .338, .446, .548, .599

-13, .942, .18, .531, .747, .373, .335, .278, .371, .4B4, .597°

14, .513, .687, .339, 1.576, .225, .153, .350, .4%7, .571, .514
i5, .535, .5is, .37Z, .594, .342, .324, .2g8, .378, .31Z, .807



Table 6.6.1.1 (Cont’d)

o

X5A population numbers (Thousands)

AGE o _ .
YEAR , 5, 6, 7, 8, a, 10, 11, 12, 13, 14,

B, 3536404, 3.5318:04, 3, 10E+04, 2,41E<04, 1,43E+04, 9 S68+03, 5.025+03; '5.26E+03, 3,278+03, 1,88E+03

1988
1489 , 3.81E+04, 3.035+04, 2.95E+04, 2.48E+04, 1.80E+C4, 9.35E+03, 5.48E+03, 3.30E+03, 2.89E+03, 1.10E+03,

1856 , 3.55E+0d, 3,08E+04, Z.498+04, 2.13E+04, 1.38E+04, I.0LE+04, 3.04E+03, 3.Z23E+03, 1.45E+03, 1.34E+03,.
1991 , 2.5BE+04, 3.04E+04, 2.59E+04, 1.97E+04, 1.50E+0C4, 9.71E+03, S5.79E+03, 3.20E+03, 1.89E+03, 7.53E+0Z2,
1982 , 2,10E+04, 2.19E+04, Z2.50E+04, 2.07E+04, 1.43E+04,. 1.02E+04, 6.43E+03, 3.93E+03, 1.76E+03, 7.71E+0QZ,. .
1983 , 2.33E+04, 1.81E+04, 1.95E+04, 1.96E+04, 1,47E+0C4, 9.84E+03, &6.00E+03, 3.72E+03, 2.20E+03, 1.04E+03,
1984 , 2.13E+04, 2.01E+04, 1.52E+04, 1.41E+04, 1,22E+04, 8.64E+03, 5H.79E+03, 3.72E+03, 1.88E+03, 1.35E+03,
1985 , 2.35E+04, 1.82E+04, 1.66E+04, 1.10E+0d, 8.63E+03, 7.12E+03, 5.2BE+03,  3.39E+03, 2.20E+03, 1.22E+03,
1998 , 2.45E+04, 1.98E+04, 1.42E+04, 1.15E+04, 6.44E+03;" 5.01E+03, 4.31E+03, 3.11E+03, 1.87E+03, 1.36E+03,
1997 , 2.39E+04, 2.09E+04, 1.56E+04, 9.55E+03, 6.95E+03, 3.58E+03, 2.68E+03, 2.22E+03, 1.55E+03,' %.92E+0Z,.:%
-
Estimated populatlion abundance at lst Jan 1998
s .00B+00, 2.05E+04, 1.75£+04, 1.00E+04, 5.B5E+03, 3.84E+03, 1.94E+03, 1.41E+03, 1.05E+03, 7.32E+02, _
Taper weighted gecmetric mean of the VPA populations: : : . T '.: 1&!
B 2.,87E+04, 2.53E+04, 2.16E+04, 1.72E+04, 1.25E+04, 8.3BE+03, 5.37E+03, 3.38E+03, 1.B7E+03, 9.40E+02, )
Standard error of the welghted. Log(VPA populations) |
B .2685, L2760, .2889, .3229, 3487, . .3571, .2843, 2763, . .3490, . .4878,

AGE
YEAR , 15,

1988 , 5.62E+02,

i989 , 9,70E+02, '

1990 , 4.,75E+02,

1991 , 2.238+02, - _ L

1992 , 1.34E+02, ‘ S : ;
1993 , 5.30E+02, . ‘ - D
1994 , 7.71E+02, o ' o ' o

1995 , 8.22E+02, ' :

1996 , 6.41E+02,

1997 , 6.61E+02,

Estimated population abundance at 1lst Jan 13998
’ 5.11E+Q2, L ‘§

Taper weighted geometric mean of the VPA populaticons:

, 4.28E+02,
Standard error of the weighted Log{(VPA populations)

mpar
P L1845,

Log catchability residuals.

Fleet : FLTOA: Va TRW 85-96

age , 1985, 19

86, 1987
.57,

7. .02, DLz

8, .12, -.47,. -.21

9, .25 .15, ~,11"
10, .36, .26, .26 . . ! o ' ' _ :
i1, .36, .36, . .28 o . : S o
1z, .26, .27, .11 ° - e ‘ : A ' R

Age , 1988, 1989, 1990, 1991, '1992, 1993, '1994, 1995, 1996, 1997

. .05, .23, ~-.i0, ~-.43, .07, -.i0, .31, 06, 05, -.0%

8,  -.04, .23, .21, ~-.i7, .00, .2%, .21, .00, ~-.l6, ~.OB

@, .28, .37, .33, ~-.17, ~-.17, .04, ~-.10, ~-.25, ~-.27, ~.05
¢, .34, .45, .28, =-.23, .06, =~-.10, ~-.31, -.43, -.31, -.07
i1, .40, .31, .04, ~-.18, -.0l1, -.22, ~-.27, ~-.39, ~-.20, .1D
12, .25, .9, -.01, .51, .02, ~-.02, ~-.62, ~-.§3, ~-.40, .08

or of ages wi

ades

standard r i ]
independent of year class strength and constant w.r.t. time

Mean log rnfﬁhahi1i%y and

Age -, Te 8, g, 10, 11, 12
Mean Log aq, -6.3484, -5.6370C, -5.3189, ~5.2119, -5.2810, -5.0553,
5.E(Log q), L2566, .1986, - .2287, .3012, L2729, L4111,

[ 5]
fe Y
=2
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Table 6.6.1.1 (Cont’d)

Regression statistics

Ages with g independent of year class strength and constant w.r,t. time.

Age,; Blcpe , t-walna
7 1.01, -.042,
a, .87, : 785,
9, 7L, 2.548,

14, 72, 1.651,

11, 84, . 639,

12, 94, .111,

.23,

quare, Mo Pis, Reg =2.e, Mean Q
.56, 13, 27, -6.35,
.79, 13, 17, -5.64,
.89, 13, 13, -5.32,
.79, 13, 20, -5.21,
.63, 13, 24, -5.28,
.30, 13, 41, ~5.06,

Terminal year shrvivor and F summaries :

Age ' 5

Year class = 1992 -

Catchability dependent on age -and year class strength

Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
R Jurvivors, s.¢, S.@, Ratio, . Weights, F
FLT0&: Va TRW 85-96 , 1., . 000, .000,. . .00, 0, ..0o0G, :.000
P shrinkage mean , 25329., 28, .., .766, .003
F shrinkage mean , 1028%., 50,00 234, Qo8
Weighted prediction
Survivors, Int, Bxt, W, Var, F
at end of vear, s5.e, 5.e, ' Ratio,
20523., .24, 9,94, 2, 41.123, .04
hAge § Catchability dependent on age and year class stréngth
¥Year class = 199F
Fleet, Estimated, Iint, Ext, var, N, Scaled, BEstimated
. Survivors, s5.e, 5.8, Ratio, . Weights, F
FLT06; Va TRW 85-96 , 1., .000, .goo,. - .00, 0, -..000, i .000
P shrinkage mean , 21599, 4 . 750, - ..023
F shrinkage mean , 9256., 50,400 .2540, 053
Weighted prediction :
Survivors. Int, Ext, N var. w
at end of year, s.e, s.e, . Ratic,
17471., : .25, 9.78, 2, .939.075, .028
Age ¥ Catchability constant w time and dependent. on age
Year class = 1990
Fleet, Estimated, Int, Ext, Var, N, 8caled, Estimated
P Survivors, s.e, 5.€, Ratio, , Weights, F
FLT06: Va TRW 85-%6 , 9967., 300, .Q00, .00, 1, ..6923, .224
F shrinkage mean , 13518., 11 AP .307, . 170
Weighted prediction :
Survivors, ) Int, Ext, N, Var, F
at end of year, i Bie, 5.8, N Ratio,
10943., .26, 17, 2, L6353, 206
Aca @ Catrhahility canstant w. . b Fime and densndent on acs
Age 8 Catchability constant r.t, time and dependent on age
Year class = 1989
Fleet, Estimated, Int, Ext, Var,. N, Scaled, Estimated
M survivors, 5.6, s.e,- :Ratio, . Weights, . 'F

267



Table 6.6.1.1 (Cont’d)

FLT06: Va TRW 85-96 , 5743., .214, .064, .30, 2z, 179,
F shrinkage mean , 6260., B2 PP .22%,
Weighted prediction :
Survivors, Int, Ext, = N, Var, E
at end of year, 5.e, S5.8,. 4 Ratio,
5854, , .20, Q5,7 3, L2486, . 340
Age 9  Catchability constant w.r:t. time and dependent on age
Year class — 18988
Fleet, Estimated, Int, Ext, var, - ‘N, Scaled,
: Survivors, 5.8, s.e, Ratio, ; Weights,
FLTO&: Va TRW 85-%&6 , 3632., V178, - .059, .33; . 3, . .802,.
F shrinkage mean , 4826., 50, ,,, .198,
Weighted prediction
Survivors, " Int, Ext, N, Var, F
at end of year, S5.@, 5.8, . Ratio,
3843., 217, <08, 4, .488, .443
1 . :
Age 10 Catchability constant w.r.t. time and dependent on age
Year class = 1987
Fleet, Estimated, Int, Ext,  Var, N, Scaled,
’ Survivors, 5.8, 5.8, Ratio, , Weights,
FLTC&: Va TRW B5-96 , 1835., 164, 2107, .66, - .4, .805,
F shrinkage mean , 2413., 50,400 .195,
Weighted predictiocn
Survivors, Int, “EXt, N,.. Vary F
at end of year, 5.8, 5.e, . Ratio, :
193s., 16, .1lo, 5, .628, . 465
Age 11 Catchabkility constant w.r.t. time and dependent on age
¥Year class = 19846
Fleet, Estimated, Int, . Ext,  Var, N, Scaled,
r Survivors, 5.8, 5.2, Ratio, , Weights,
FLT06: Va TRW B85-96 , 1332., .153, .098, .64, 5, .81z,
F shrinkage mean 1805., . :.80,,,, .18s8,:
Weighted predicticn
Survivors, i ¢ Int, Ext, N, Var, .~ F
at end of year, s.e, s.€e, ’ Ratio,. :
1411., .1g, 10, 6, .632,. .492
1 : .
ige 12 Catchability constant w.r_.t. time and dependent on age
Year cléss = 1285
Fleet, Estimated, Int, Ext, . Var, N, Scaled,
. Surviwvors, s.e, ! s.a, Ratio, , Weights,
FLTQ0&: va TRW 85-96 , 944., .152, .090, .59, &6, .764,
F shrinkage mean ., l4é6., 50,00 L2386,
Weighted prediction
Survivors, Int, ExLt, N, var, F
at end of year, S 5vey s.e, , < -Ratio, -
1047., w17, W11, Ty .684, - .599

2
&h
=]

.345 e

.321

Estimated -
F
483 - S

.367-

Estimated
F

485 .

.389

Estimated'
F
.514

L

‘Egtimated
¥
.648

.462




Table 6.6.1.1 (Cont’d): /- .

Age 13 Catchability constant w.r.t. time and dependent on age

Year class = 1984

Fleet, Estimated, Int, Ext, var,
o R e T e =] =Y o= Dot
. Survivors, 5.8, 5.2, Ratic,
FLTO6: Va TRW 85-96 , 553., .1a7, .079, .54,
F shrinkage mean , 1337., V50,04
Weighted prediction :
Survivors, Int, Ext, N, var, F
at end of year, s5.e, s.e, ' Ratio,
anan 10 e - 1 1an [-¥a%ed
[ F-APn P LTy a &Ly iy -LE, s
1

Year class = 1983

. BT,

Fleet, Estimated, Int, Var,
. - Survivors, s.e, s.e, Ratio,
FLTD6: Va TRW 85-96 ', 390., .145, .084, .58,
F shrinkage mean , 791., 50,0,
Weighted prediétién_:
survivors, Int, BExt, N, var, F
at end of year, 5.8, s5.e, oy Ratio,

511.," .21, ©.18; 7. 1 -.B92, .514

Age 15

Year class = 19R2

Fleet, Estimated, Int, Ext, Var,
. Survivors, s.e; 5.2, Ratio,

FLTU6: Va TRW 85-96 , 265., .148, 127, .88,

F shrinkage mean , 364 ., .50, ,,.

Weighted predicticn

Survivors, Int, Ext, N, Var, F

at end of year, 5.8, 5.8, ' Ratio,
210., .28, .1z, 7. .479, L6807

M, Scaled,: Estimated
B oAl

[ e s ek o

, Wgights,, I3
B, . .6B2, 7345

.318, . .370

Age 14 Catchability;constaht w.r.t. time and age (fixed at the value for age) 13,

N, Scaled,.. Estimated
: Weights, F
6, 619, .631
.361

.381,

N, Scaled, Estimated
Weights, F
8, .510, .6B1
.4940, .537

[ 3]
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Table 6.6.1.2

+gp.
0 FBAR 8-12,

Fishing mortality

.

AGE

9,
10,
11,
iz,
13,
14,
15,

+IPs
0 FBAR #8-12,
1 .

Fishing mortality ('} at age ,Terminal Fs derived using XSA (With F shrinkage) .

Fishing mortality (F) at age

’

+gp,

0 FBAR 8-12,

[
-]
(o]

1975, 1976,
.8e53, .uos,
0480, L0153,
JiBLE, | .0428,
J2563, ' .0688,
L2988, L0857, -
3559, L0803,
L2382, 0671,
.3647,. .0597,
.7896, .04z21,
L6760, .1748,
.4876, 0849,
4876, ,0849,
.3az28, .0723,
(F) at age
1973, 1978,
L0009, .00089,
L0044, .00847,
,0198, .0941,
L0791, . ..1636, .
.1549, .3352,°
L2095, L3187,
L2217, .3299,
1546, _22386,
.2878, .2191,
Leezz, L3794,
.2400, L2549,
\2400, .2949,
.1719, . 2738,
388, 1989,
.0038, 0150,
L0230, . 0609,
L0746, ,1767,
L1434, .3003,
L2731, .4244,
.40649, L4686,
.4185, 3762,
.4478, . 6470,
L9417, LE181,
.5133, . 6868,
.58347, .5149,
.5347, .5149,
.3378, 1437,

1977,

.6000,
.0017,
L0415,

" .1619,

L3640,
2245,
.1864,
.3311,

" L1561,

L1767,
2157,
.2157,
2536,

1980,

.oolz,
018z,
. 0856,

L2080, .

.3378,
.4277,
.5882,
5763,
5570,
L4368,
.5202,
.5202,
.4275,

19490,

0057,
L0164,
.0683,
.1962,
.3385,
L4080,
30386,
. 3854,
.5307,
3332,
.3719,
L3719,
3259,

1281,

L0007,

.00489,
.0250,

-0817,

T
. 3058,
L4255,
.4384,
L4236,

- L4742,
L4560,
. . 4560,

L2813,

19491,

0122,
0444,
L0775,
1707,
2361,
L2517,
L2383,
4478,

7475,

1.5764,
5945,
5945,
2705,

1982,

L0043,
L0084,
L0413,

L1327,

.2556,
S4174,
L5525,

L6103,

L8543,
14492,
1885,
7885,

L3937,

1952,

, 0009,
0209,
L0912,
1867,
2237,
.3830,
.3887,
.4310,

3734,

,2247,
.3421,
.3421,
3244,

1983,

L0004,
.0090,
.0608,
.1230,
.2304,
.3746,
.5359,
.6251,
.5625,
.6383,
.5506,
.5508,
.3774,

1993,

,0021,
,0242,
.1183,

.3260,

,3842,
.3802,
,3273,
,5335,

L3349, .

.15285,
,3237,
.3237,
L3503,

19684,

.6oza,
.o114,
0397,

. 1017,

L2240,
L3222,
.5015,
.8023,
.4a31aq,
.3307,
L7958,
79583,
3914,

1994,

L0040,
0348,
L1698,

T .3438,

.3888,
3233,
. 38486,
3377,

L2778, .
-7,3499,

L2678,
L2678,
L3596,

1385,

0029,
L0172,
0520,
.1293,
2242,
.2618,
L2601,
.3010,
7622,

. 5403, -

L4213,
L4273,
V2353,

1995,

0234,
L0084,
21886,
L3873,
3942,
.3523,
. 3800,
. 4458,
3707,
4966,
.3780,
3780,
3919,

1985,

L0058,
0169,
L0483,
.1258,

2337,

L3035,
.23%4,
.2168,
L4932,
1.0056,
.4440,
L4440,
L2239,

1356,

.6079,
.0B47,
2487,
L3538,
4375,
L4747,
5152,
5480,
.4836,

,5707,

L5115,
L5116,
L4659,

1987,

.6048,
,0893,
L1717,

L1583,

.1a0s,
, 4408,
.2421,
. 4179,
3624,

3372,

. 3697,

.2607,

.2872,

1397,

,6038,
,0285,
,2058,
,3398,
.4429,
. 4648,
4818,
. 5995,
,5974,
L5141,
. 6072,
.6072,
4877,

FBAR 95-97

L0117, .
.0705,
L2244,
L3503,
.4244,
. 4308,
L4623,
L5311,
.4839,
_527%,
.49839,

3]




Table 6.6.1.3 Stock ﬁumber at age (start of year)

YEAR, 1375, 1978, 1977,
AGE .
5, 24538, 25829, 26128,
6, 18408, 210409, 22191,
T, 13606, 15102, 17808,
2, gaad; 100464, 12456,
9, 5252, 5658, 8086,
10, 3333, 3352, 4470,
1t, 2360, 2010, 2663,
1z, 1619, 1801, 1817,
13, 551, 968, 1298,
14, 423, 215, 798,
15, 383, 185; - 158,
+ap. 238, 119, 781,
1} TOTAL, 74203, 86111, 98452,
Stock number at age (start of year)
YEAR, 1978, 1979, 1980,
AGE
5, 27507, 34852, 40824,
6, 224808, 23654, 249971,
7. 15068, 19271, 20176,
8, 14705, 16020, - 15028,
9, 911%, 11695, 117589,
10, 4016, 6723, 7199,
11, 3074, 3375, 4215,
12, 1902, 2118, 2089,
13, 1coo, 1348, 1450,
14, 9b8g, 643, 23z,
15, siE, £20, - 380,
+gp, 1027, 525, 06,
o TCTAL, 106257, 120919, 134208,
Stock number at age (start of year)
e e tang 1a0a 1aan 1401
YEAR, ie88, 1282, 1980, 1891,
25
AGE
5, as2se, 36118, 35497, 257990,
6, 3512¢, 30251, 30624, 30378,
7, aloee, 29545, 24500, 259289,
8, 24086, 24771, 21268, 19684,
9, 14279, 17962, 15790, 15045,
10, 9564, a352, 10113, 9707,
11, 5825, 5480, 5038, 5783,
12, 5554, 3299, 323z, 3201,
13, 3271, 2592z, 1437, 1g82,
14, 1882, 1098, 1342, 753,
i5, 5e2, 2730, 475, 823,
+gp, 6835, 386, 211, 198,
maTaT 1EE703 162103 149570 130148
TOTAL, 166783, 162123, 143578, 132185,
1

Numbers*10**.3 .-
\
Humbers*10++~3
1981, 1882, 1983, IQQ&L 1285, 1986,
40137, 3ienz, 29604, 32534, 45751, 46033,
34922, 34522, 28914, 25471, 27925, 39262,
25330, 29011, 29435, 24664, 21666, 23626,
15941, 21264, 24687, 23841, 2040z, 1708,
10555, 12644, 16028, 18789, 18535, 15431,
7221, 1758, 8428, 10957, 12861, 12748,
4040, 4579, 4399, 4qg8, 8923 + 8510,
2015, 2272, 2268, 2216, 2600, 4534, -
1011, 1118, 1082, 1045, 258, 1656,
719, 166, a7, 521, 354, 343,
518, i85, a4, 181, 112, 1177,
465, 258, 119, s, 142, t.10g,.
142874, 148780, 145437, 145243, 158035, 170137,
Numbers¥10++-3
1683, 1903, 18824, 1985, 1a6e, 1097,
21014, 23345, 21284, 23491, 24455, 23936,
21930, 13071, 20051, 18247, 139752, 20834,
25010, 13485, 15182, 16635, 14233, 15620,
20650, 19654, 14134, 11029, 11507, 9553,
14283, 14747, 12207, 8625, 6444, 5953,
102286, 9833, 8644, 7122, 5006, 3581,
6431, 6001, 5780, 5278, 4310, 2680,
3534, 3715, 3723, 3392, 32107, 2216,
17¢1, 22028, 1875, 2285, 1870 154¢g,
771, 1043, 1355, 1223, 1358, 992,
134, 538, 771, g22, 541, £51,
207, 54, 809, 7490, 1344, 16217,
12€281, 1i17g8g, 10EB825E, ogo4z, 24027, 20248,

1987,

41007,
39394,
33228,
19377,
13436,
10514,
8100,
5771,
3142,

915,
108,

17.
175607,
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Table 6.6.1.4 Summary (without:SOP correction) T A O R

Terminal Fs derived using XS8A {With F shrinkage)

. RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, FBAR B-12,
’ Age 5

1975, 24538, 122879, 46782, 23494, L5022, L3028,
1976, 25R24, 158183, h3ah4q, 6045, L1120, ) _n723,
1977, 26128, 159844, 65047, . 16578, .2549, : 2536,
1578, 27507, 1761446, 75888, 14345, .16888, L1718,
1579, 34852, 175908, 76649, 23616, L3081, . ,2738,
1980, 10624, 212814, 79100, 31252, .3951, Lo L4275,
1981, 40137, 214268, 73246, 19239, .2627, .28189,
1882, 33602, 246802, 80137, 32441, 4048, . 3937,
1983, 29604, 240301, 72537, 308B8B, .4258, : .3778,
1284, 32534, 244059, B4115E, 34024, .4045, .3914,
1985, 45151, 267425, 96570, 32075, L3321, L2353,
198¢, 46033, 285076, 1054490, 32984, .3128. L2238,
1987, 41007, 298301, 117015, 16622, ..3984, 2972,
1588, 35288, 300046, 122517, 51118 LAL73, L3379,
1989, 36118, ’ 266497, 12392, - © 61396, L5463, .4437,
1590, 353457, 255172, 95234, 39328, LA002, \3255%,
1991, 25790, . 239832, 107670, 37950, L3525, .270s,
1992, 21014, . 219131, _- 87177, 35423, . 4063, .3244,
1993, 23345, 207654, . -B8662, - 40817, L4604, L3803,
1994, 21264, - 192430, - - 81901, S 3pR57Y, - 4512, .359§,
1995, 23491, 166487, 92423, 36288, L3924, .3919,
19986, 24456, 155161, " 92267, 35826, .43s55, .46549,
1997, . 23936, - 137951, -0 ogr4es, 29964, .4439, L4677,

Arith. . : .

: Mean r 31233, 214314, 85537, 32551, L3743, 3253,

¢ Units, (Thousands), (Tonnes) , (Tennes), (Tonnes| ,
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Table 6.7.1.1

Greenland halkibut (Fishing Areas V and XIV)

Prediction with management option table: Input data

. Hu-Year: 1598 e
‘Sédck‘? :ﬁafﬁral -Maturit?IErdr 6f F Proﬁ.of:M Weight Exploit :Weiqht
-size -4 meortalicy(-  ogive - bhef.spaw.bef.spaw.| in stock| pattern in-catch
5 i|23000:000} - 0.1500| 0.2350| -~ 0.0000| 0.0000 0.990} .  0.0120 0.990
6 ‘f|1e721.000%: . 0.150Q 0.2610|7 0,0000 - 4.0000 1.148 0.0750 1.148
7 1 |16430.000f - 0.1500 0.4130Q{: 0.000Q0 - 0.0004Q 1.364 - {1;,2380 1.364
8 ']10943.000): : 0:1500Q|.« ©.5000(:. 0.0000 ‘0.0000 l.8641: 0.3810 1.664
9 5854.000 0.1500(: 0.5360 0.0000 0.0004Q 1.945 . 0.4500 1.945
10 7 1:3843.000 D.1500 . 0.6400]: - 0.0000 - 0.0000 2.287 04560 2,287
11 .4°1936.00Q4: - 01500} 0.7140 0.0000 ~'0.0000 2.592 0.4850 2.592
12 ;1. 1411,000f - Q;1500f 0.761G} 0..0030 . 0.0000 Z.950 - 0.5620 2.550
i3 £1047.0004 .-0_1500 0.8930 0.0040 0.0000 3.487 0.5120 3.487
14 -.732.00Q%- - 0.1500]- 0.9670 G .0000 0.0000 C 4,177 0.5580 4,177
15 - 511.009 | - 0.1500 0.9840] ... 0.0000Q 0.0000 5..040 D.5280 -..5.040
16+ 1073.000 0.1500 - 0.9950 0.000Q 0.49000 5.746 0.5280: 5.746
Unit |Thousands - - - - Kilogzrams - Kilograms
Year: 1999
Recruit-| Natural Maturity|Prop.cf F|Prop.of M| ~‘Weight | Exploit.]|  Weight
Age ment mortality ogive bef.spaw. |bef.spaw.| in stock| pattern in catch
5 23000.000 0.1500 0.2350 00000 - #0.:0000] :-0.9303 ©Q.0120 0.990
6 . 0.1500 0.2610 0.0004 0.06000 1.148 0.0750 1.148
7 . 0.1500( . 0.413Q . 0.0000 0._00ga0 1.364 0.2380 1.364
g . s . Q.1500| .- 0.5000 0.0000 0.0000 1.664 0.3810 1.664
9: i -0-.-1500 -0.5360, 0.0000G]- 0.0000 1.-945 0.4500 1.945
10 £.1500 2.64400 0._oo0o0 0.0c000 2.287 04560 2.287
11 . 0.1500 0.7140 g.0000) G.0oR04a 2.592 - D.48590 2.592
12 . 0.1500 0.7610 J.0600 0.0000 2.95Q0 0.5620 2.950
13 . G.1500 0.8930 0.0000 0.000C 3.487 0.5120 3.487
14 - 0.1500 0.9670 0.0000 0.0000 4,177 Q0.5580 - 4.177
15 0.1500 G.9840 6.0000 0.0000 5.040 0.5280 5.040
le+ 0.1500 0.9980 O o0000 0.9900 5.748 . 0.5280 5.74%
Unit {Thowsands| = - - - - ﬁilograms - Kilograms.
Year; 2000
| Recrujt-| Natural, | Maturity|Prop.of F|Prop.of M| Weight | Exploit.| Weight. |
Age' |- . ‘ment’ |mortality|:i-ogiwe. - |bef.spaw.|bef.spaw. in stock| pattern: | in-catch{
5 - |23000.000] o.-iso'o ¢ 0.2350 0.0000 0.0000] | © ¢ ©oog.0120 0.990}
<] AR & 0.1500[ 0LZ81l0 0.0004a 0.0000 1 0.0750 1.148%
7! G.1580) © 0.413¢ 0.0000 Kot ol 2 IRRIERE W . 0.2380 1.3547"
8. 0.1500 0.5000 0.0000)  0.9000) 1. 0.3810 1.664]
9 0.1500 0.5360 0.0000 . 0.0000 L . .4500 1.945]
10 0.1500 0.6400 0.0000} -0.0000 2 -1.4560 2.287[
11 0.1500( "~ 0.7140 0.-0000 0.90000 2. - 0.4830 2,582
12 0.1500 0.7610Q 0.0000 0.0000 C2. - 0.5620 2.950|
13 0.15G0 0.8230 0.0000 0.0000 3. S 0.5120 3.487
14 . G.1500f.  0.9670 0.0Q00 0.0000 4. G.5580 4.177
15, G.1500 0.98440 0.0000 0.0000 5. 0.5280 5.040
16+ G.1500 0.5350 G.0000 4.0000 5. - G.5280 5.7456
Unit Thdusands - - - - Kiltograms - Kilograms
Notes: Run name. : MANEHJO3

Date and time: 0SMAY38:14:35

1
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Table 6.7.1.2 Yield per recruit: Input data
| -Recruit-| Natural ;| Maturity|Prop.of F|Prop.of M| - Wweight Expleit, Weight - |-
Age “ment:  mortality ogive bef.spaw. |bef.spaw.| in stock| pattern in -catech
5 - -L.aoc} 9.1500 0.08380(- 0.0000 0.0000[ 1021.000/ 0.0070] -1021.000F -
& S 1071500} - G.08204 - 0.0000 0.0000[ 1226.000 0.0440] 1226.000
7 ©0.1500) - .0.2030¢ 0.0000 .0.0000| r482.000 -0.1440| 24825000
8 0.1500} - .0.3700[ "~ 0.0000 .0.0000| 1795.00Q 0.28501 1795.000
9 Q0.150Q) .~ 0.5650| -~ 0.0000 ‘0.0000] 2156.000] 0.4250}) 2156.000
10 . 0.1500 0.7300 ) 0.0000 0.0000] 2500.9Q0 0.5080¢1 2500.000
11 P do0.015000 0.84800: - 0.0000 ‘0.000a1 2883.000; 0,51301°.2883.000
12 T : ‘0.1500 3.8310 o.oocd 0.0000[ 3382.000] 0.60904- 3382.000
i3 - . : 0.1500( ° G.9710( -7 0.0000 0.0000[4071.000 0.7520) 4071.000G] - .
14 : 0.1500 ©.0.99301 00000 0. 0000l 4764.000 0.835at 47R4.000] -
15 0.1500 0.92980 0.0000 0.0000[ 5365.000 0.6420| 5365.000
Unit ‘| Numbers | - - - - RN Grams = Grams
Hotes: Run .name . YLDJBOQS
~Date and time: DEMAY9R:16:33
Greenland halibut (Fishing Areas V and XIV) : ' _ Lo : ‘
B |
Table 6.7.2:1. .Yield per recruit: Summary table
P . R : R ‘
; - - .
1 ‘January - ° Spawning time |
F i - lReference| .Catch in| Catech in} : Stock ' Stocki Sp.atockl.:Sp.stock| Sp.stock| Sp.stack
F J -numbers weight ..mize biomass size ‘biomass. size: biomasg | |

" 0.000p|  0.000| |, ©.000f ©  5.800|12696.723 12.594] .BOL0.780 2.594| BO10.7B0]

0.0234| © 0.077|. 236.860 . 5.581|11B55.007 -2.399| [7230.584 2.399| 7230.584

‘0.046B] " - 0,142| - 422,556 T 5.:3B86|11119.992 -2.228|'6553.798 2.228| 6553.7%8

0.07021 ' 04195( 568,051 ©5.,212|10475.914 2.077| '5964.917 2.077] 5964.917

0.0938 - QL2400 681,287 '5.056] 9009.525 1, 0423:5450.030 1.942) 5450.9300 ¢
-0 E1T0 0278 71081 - 4.916] -9409.672 1.4823] -5000.895 1.B23| 5000.6895)

0. 1404 0.311| 840.919f. 4.709| BYE6.949 1.U16| 4605.600 1.716}.4605,600] ; .

0.16381] 0.339]. 895,0701. 4.6741 B573.411 o 1.621) . 4257.271) 1.621} 4257.271
0.1872] . 0.363] 937,424] 4,570} @8222.329]  1.535| 3949.341 1.535) 3949.341

0.2106 0.384 970,368 4.474].7907.999 1.457| 3676.247 1.4571 3676.247

0.2340 0.402 995,933 4.387] "7625.568 1.387| 3433.270 1.387F 3433.27C

o.2574) 0.418] '1015.715 4.307| 7370.4908 To1.324| 32167394 1.324F 3216.398
< G,2008 L0L433F 1030.967 © 4,233 7140.490{ . 1.266| 3022.214 1.266} 3022.214
C+0.3042] ¢ 00445) 10427674 4,165]-:6931.2971. 1.213}2847.802 1.213).2847.802]..

- 0.3278L. . .0_4571 1051 608 4. 1020 6740 743 "1.16581 2680.866 1.21451 28490, 6661

10.351@;“ 0.467]. 1058.375 4.0431 6566.603 1.121] 2548.667 1.121 25&8;657':

-U.Jl‘i‘l‘ [ _J.L!D.).’ial 11 Lave. 2oL L.usy Z41%.9D0D L.Uou £4913.53D00
©0.3978 0.486| 1067.208 .. .3.937| 6260.162 1.042] 2302.980 1.0421 2302.980
Co0,4212 o 0.494) 1069,938 3.889| 6124.774 1.007] 2196.343 1.007] 2186.343

O.4448] 0.501] 1071.87¢ 3,843 5998.353 0.375) 2098.871]- 0.975( 2008.871]"

- 0.4680 © 0.508} 1073.183 3,801| 5883.3L17 G.945] 2009.540 0.945| 2009.540("

0.4914 - 0.515[ 1074.017 Ti3:761| 5775.422 C.917f 1927.457 0.917( 1927.457

0.5148 0521 1074.432 3,723 5674.742 0.8911.1851.846 0.891( 1851.846

.0.5382 - 0.526)], 1074,.664 .. 3.687| 5580,654 0.867[ 1782.Q2Z8 0.867( 17BZ.0Z8

0.5616 . 0.532]-1074.628 ..3.653] 5482,521 0.844).1717.408 0.844( 1717.408 .

.0.5850 0.537]. 1074.427| 0 7 3.621| 5409.782 . 0.822] 1657.466 0.822| 1657.466|; _
© . 0.60814 0.5421 1074.101 3.590| 5331.942 0,802 1601.710 0,802 1601.7401%" : |
©0.6318 0.546} *1073.682 '3.561| 5258.563 " 0.783[ 1549:828 0.783| 1549.828{:: | i

0.6552 0.551] 1073.19%4 ©. 3.53Z| BiBY.Z54 - QLFBE| 1501.370 0.765] 1501.370§+° . :

Be6TBO} - - 0.555] 1072. 6561 3.506| -5123:669 ~0:748| - 1456.050 0.748| 1456.058{ -

5:8.7020 -0.559): 10720881} 3.480( 5061.499 . 0.732( 1413.586 0.732) 1413.588] .

0.7254). . 0.5631 1071.483 - 3.455| 5002.466 0.717( 1373.728]. 0.717] 1373.728) .

0.7488 0.%66| 1070.868 3.432( 4946.323 0.703( .1336.250 0.703] 1336,250

0.7722 0.570| 1070.243 3.409] 4892.847 0.689] 1300.954f °~ 0.689f 1300,95%

0.795¢ 0.573| 1069.614 3.387| 4841.836 0:.676]| 1267.660] 0.676F 1267.660

0.8190 0.377| 1068.984 3.366F 4793.111 0.663] 1236.207 0.663] 1236.207

0.8424 0.580[ 1068.356 3.345F 4746.50¢ 0.651| 120€.450 0.6511 1206.430

0.8658 0.583( 1067.731 3.326] .4701.873 0.640} 1178.259 ¢.640] 1178.255

0.8892 0.586| 1067.112 3.307] 4€59.077 0.629| 1151.515 G.629] 1151.515

0.9126 0.589( 1066.499 3.288] 4617.99%¢ 0.619! 1126.111 0.6191 1126.111

0.9360 0.591( 1065.894 3.271| 4578.518 0.609] 1101,850 0.609] 110L1.850

- - Numbers Grams Numbers Grams Numbers Grams Numbers Grams
Notest: Run name 1 YLDJBOOS

Date and time ¢ OBMATS8:18:33
Computation of ref. F; Simple mean, age 8 - 12

F-0.1 factor 0.4661
F-ma# factor : l.1e52
F-0.1 reference F : 0.2181
F-max references F : 0.5453

Recruitment : Single recruit
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Table 6.7.3.1. Greenland halibut (Fishing Areas V and X1V)

. Prediction with m,

anagement opticn table

‘Year: 1998 -

Year: 1999 Year: 2000

F Reference| Stock ‘| Sp.stock|: . F Referencal Stack Sp.stack| Catch inl Stock’ | ap.stnek
Factor . F biemass |- biomass  Factor F bicmass biomass weight biomass biomass
0.7948 0.3716 130834 62984 | 0.6000 0.0000 ‘128862 61152 0 153634 76260
. . . . 0.0500 0.0234 . §1152 1642 151867 75068
0.1000]: C.0468 61152 3251 150135 73903

0.1500 : 0.070Y §11521 4829 148438 72762

0.2000 10.0935 §1152 6375 146774 71646

0.2500 0.1169 61152 7892 145144 70554

¢.3000 0.1403 61152 9379 - 143548 69485
0.3500 0.1637 61152 10837 141940 68439

0.4000 0.1870 61152 12267 140445 £7415

n_4s500 n_zind 61152 13669 1389840 £6413

0.5000 0.2338 61152 15044 137465 85432

0.55C0 0.2572 glls2 16353 T 138G159 54472

‘0.6000).. 0.2806 61152 17715 134802 635633

0.65C0] - 0.3039 61152 19013 133212 62613

‘0.7000 0.3273 61152 20285 131849 61712

0.7500 0.3507 61152 21533 130513 60831

0.8000 0.3741 - 61152 22754 ‘12b202 59968

0.8500 0.2975 61152 23959 127918 59123

J. 9000 0.4204d 61152 25137 C1F6BER; 58296

0.9500) 0.4442 61152 26293 125422 £7486
1.0000 0.4676 61152 27428 © 124210 56693
1.05800 -.D.4010 gL1E2 28541 123022 £5%1¢6
1.1000 D.5144 6L152 29633 121856 55156
1,.1500| . 0.5377 61152 30704 120713 54411
1.2000 0.5611 61152 31756 1119592 53682

1.2500 0.5845% 6L152 32788 118491 52968

1.3000 0.6079 61152 33801 (117412 522618

1.3500 0.6313 61152 34796 116353 515813

1.40G0 0.6546 61152 35771 115315 5G%1z2

1.4500 0.6780 61152 36729 114296 50255

1.5000 0.7014 61152 37670 113296 45612

- - Tonnes. | Totnes | - Tonnes - - | ... Tonnes Tonnes Tonnes Tonnes | . Fonnes

Notes: Run nama : MANEHJO3 - .

Date and time

Basis for 1398

b

|
H
L
v

: OGMAY9B:16:45
- Computatiaon jof ref. F:

Simple mean, age B - 12

: TAC constraints

275




£ (suopjjpus) ¢ el 10 JusLyruasy

L661

52.1
44,4
(X}

L6611
T 661 =)

T 5661

1 €661 w_

L L T = - | N R N

T 1661 =

Y
KW
L%

i,
UT
Spuwnlng stock ¢nd vecruitment
R
'y
"l

T L8661

te86L | =

— 558
|
:"
|
j
Vi

1 6861 i = e
o 5 . ——

14861 i

1#75

: SN T - S

L]

-

140

w T wi)y BURACE B n-!"_..._l 00 L) B85S
T 4861

T 5861 ol

] (1 - @ w8} Luoieaus dugyel) aBousy

1 sa6l -

g
4.8

H . .
" - 3 3 >

T €881

1943

T +861

o
Year

i

16261 -

T T

118

Yield

otuer |8

o
&

Yieid and fishing mortality
e F

1935

si6b | g

.
X
E2.%

{8
07"

. 15 990 IS
Resrultnent yeor closa, SSB ysaor
NSAEHJO4) B

{run:

1600
ASAEHIO4) A

{run:

Figure 6.6.1.2ab

276



Fish Stock Summary

" Greenland halibut (Fishing Mzn; V and XIV)
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Figure 6.7.2 Stock Recruitment relationship for Greenland halibut.
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B: Plot of ohserved fishing mortality - spawning stock biomass

with expected equilibruim SSB curve (solid line).

C: The cumulative distribution of Fiess.

D: Observed fishing mortality - yield with expected equﬂlbnnm

yield curve (solid line).
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7. REDFIS :;iIN SUB-AREAS V, VI, XIE AND xv

The genus Sebastes is very common and widely dlstrlbuted in the North At]antlc It is found off the coast of Brltam,
along Norway in the Barents Sea.and Spitzbergen, off. the Faroe Islands, Iceland, East - Greenland, West ~ .Greenland,
and along the east ¢oast of North America from Bathin Island South to Cape Cod (Magnusson and Magnusson, 1995).
All Sebastes specnes are viviparous. The extrusion of the larvae takes place in iate winter - iate spring/eariy summer. but
copulanon occurs in avtumn-eariy winter.

Besndes the general requirements, NEAFC and ICES have asked the North Western Working Group to provrde mfonnaﬂon
) and advxce on some specnﬁc items on redfish whlch are as follows..

IT WY LT ¥l

_a) upﬂate survey al'lﬂ IlSﬂﬁl’y 1nlormauon Ol’l [ﬂe S[OCKS OI redfish lll DI.ID-BIGEIS ‘Aﬂ'T YL All d]ld ALy y

b} update mformatmn .on. the stock composmon, dxsmbuuon and rmgrauon of the. redﬁsh stocks in Sub ~areas V and
- XIV.and comment gn.the possible. relationship between pelaglc “deep sea” . Sebastes mentella and the 5. menteﬂa
fished in demersal fisheries on the continental shelf and slope.

A ab

¢} provide information.on the relationship beiween peiagic “deep sea” Sebastes mentella and the S. mentella.

-+ demessal fisheries gniihe continental shelf and slope; .
d) provide advice: on: the medium-term consequences of an adaptive: harvesting strategy, based on a constant: annual
*+ -catch within:each 5 year. pcnod set at a ]evel requlrcd . obtam sustainable: ylelds of "Oceanic” §. mentella: and

nnnnnn CC amrnwabal

L Pra -
uwy 504w, TRETHE ]

¢) describe the depth distribution of the pelagic componcnts of S. mentellz by season, area and year and provide
information on the stock identity of the deep sea type and oceanic type S. mentella, ERRN

f) advice NEAFC on: anappropriate scientific monitoring scheme for the pelagic fishery for §. mentella’in the Irrmngcr

© Qan sovicidavin hn:currn. 1 M V IQQR .

Ben cotisideiis g the nt bnoswlados of the ctaclk comnlexity and recnond hot later than

rent knowledge of the steck complexity and respond ot later than
The working group address these questions in the next chapters. The Y hy,
sections 7.1 and 7.2, The term of reference 1) are dealt in section 7.3. Items c) and j} are treatcd in the corresponded
sections: for each speciés. ‘Some of these request were: elaborated .and.discussed. durmg the Study Group on Redfish

Stocks held in Hamburg in January 1998 (ICES CM 1998/G:3).

ress these questions in the next chapters. The requested items h), i) and k) are described in'the

a
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741 - Deseription of: ,h ecies: aml qtncks in the area:

11 ICES Divisions 'V, VI, X1l ‘and XIV there ‘are at least 3 'spe’cies of redfish, S. marinus, S. mentella and S. viviparis.
‘The“last ‘one has not been 6f any commercial value.iIt-should :however be 'rioted ‘that: Iceland has- started 'to ﬁsh S.
' wwpams in2 small arcas South of Iceland at depths of 150 250rn The catches n 1997 were 1 1601, e

Figure 7.1.1 shows schematiéallv some possible re}ationshins between different stocks of redfish in the TIrminger Sed and
_along the continental slope of E-Greenland-Iceland-Farce Islands. The guestion marks indicate lack of knowledge
“regarding relationships between stocks or components ‘of redfish in the dszcrcnt areas. Furthermore; it ferbains uncléar
" ‘whether redfish in‘the Irmmger Sea constitute a' single ‘stock -or whether two or more stocks may be invelved. Data
~indicate ‘that redfish 'in ‘upper ocean layers: differ from'those in’ deeper layers in ‘some respects' (cf. ICES' C.M.
1997/Assess: 13). Fishermen thus prefer io fish'in deeper layers as this generally yields larger fish with' a lower incidénce
of parasites. Acoustic studies (Melnikov e al., WD7 in ICES C.M. 1998/G:3) give abundance data separately for depths
above and below 300m. The resuits indicate that peak abundance in the upper layer (above 300 m) occurs far 1o the
Southwest from locations of peak abundance in the lower layer (below 500 m). This is in agreement with the horizontal
- and vertical. dlsmbuuon of catches in the fishery. B : . . C L

~Two hypotheses 'hai'e'b'een put'forward' to describe redfish in the Inminger Sea;

*'1. The single-stocK hypothesis; suggesting that the mature individuais of a singie stock segregate according to age/size;

B
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2. The two-stock hypothesis, suggesting that there is a distinct deep-sea stock, separate from the oceanic stock proper,
occupying deeper layers. On this hypothesis, it is an open ‘question whether or tiot the deep-sea stock ih the Irmmger
Sea is separate from the deep sea stock on the continental slope

These question:s and hypotheses and methods for their ev'aluatidn are discussed in section 7.2 . -
71 S inarinus

7TL1L1  Adultstock .
The status of §. marinus in ICES Divisions V and XIV was evaluated in a report of the joint NAFO/ICES study grotp
on biological relationships of the West Greenland and Irminger Sea Redfish stocks, held in 1983 (ICES, 1983). Since
then, little new knowledge of the general biology of the species has been obtained but the stock size has declined
_drastically during the last 10 years (ICES C.M. 1997/ Assess:13). The bulk of larval extrusion takes place in April -
-May. The onfy khown areas of larval extrusion are Southwest and West of Iceland (Magnisson ‘and Magnisson,: 1977,
Magnusson, 1980) and South of the Faroe Tslands (ICES C M 1983/G 3 Larval extrusmn has not: been observed in
other regions.

‘During the Tast two ot three' decades ‘the tnost. important fishing grounds for 'S, marinus have been’ SW- dnd- West of
Iceland. From the annual Icelandic groundfish survey in March (Pélsson ef al.'1989) and also from other surveys
(Magmisson and Magndsson, 1975; Magnisson er al. 1988; Magnusson ef al. 1990; Sigurdsson er al.,1997), it has been
‘shown that:the size of 5. marinus increases from-North to- South. These results indicate a migration from the nursery
.areas. North:and East of Icéland towardsthe: fishing grounds.in the West and Southwest. Another important-fishery is the

“Rr_}snnnaﬂah” aran (SF Ir\n]nnr‘ nnr‘ tha chnlunn r«'nrnn Telande fDntI\eri' 108[\\ 'T‘hn r-nh‘hpn ln fhﬂcn areag h;n;p hnWPVF'T'
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declined drastically in recent vears,

7.1.1.i Juueniles—nurseryareas::- o C L : L TR

‘In:the '1983-Redfish Study Group repoit- (ICES C:M: 1983/G:3) and. -in. Magndsson .and Jéhannessén (1997) the

distribution of 8. marfnus O-gioup at Fnst Greenland was evaluated; show*.-g that there are-considerable.amounts of S.
marinus at East Greenland and that it is mixed with S, mpnr.pHa in variable proportions in different sub-areas and periods

(Slg_urdsson,.WDl in ICES CM 1998 /G.‘_ Lo
—There are only avallable data on nursery grounds of S. marinus in Icelandlc and Greenlandlc waters but no:; nursery
grounds are known in the Faroe Islands area. ‘ - ‘ Gy o

In Icelandic waters, nursery areas for S. marinus are found mostly'West and North of Iceland at depths between 50 and
approximately 350 m, but also in the South and East (ICES CM. 1983/G:3; Einarsson, 1960; Magndisson and
Magniisson 1975; Palsson-ef-al. 1997). As.the length (age) increases, migration of young S.-marinus along the-North
coast te the. West.coast takes place towards the most.important fishing areas around Iceland. During the period since: the
Icelandic groundfish. survey. started in 1985 there seem. to have been two relatively strong year classes (Stefansson and
Sigurdsson, 1997) growing up North and Noerthwest of Iceland, most probably the 1985 and 1990 year classes. The
t_ormer has started to recruit to-the ﬁ_shery at,the_ ﬁahmg banks west and Southwest of Iceland.

-;Nursery grounds of S MAarinus . off East and West Greenland are found on the eontmental shelf are mlxed w1th S
mentella. In recent years the abundance of S..marinus at West.and Bast Greenland has been extremely low and thete are
_no indications of recruitment according to German investigations (Ritz, 1997b). Earlier investigations have show ;nuch
larger_ quantities of juvenile-S. marinus on the.continental shelf and slope of Greenland (i.e. ICES; 1961). ... .

-'7113 Giant""redﬁsht.= ARSI R R T O S Cn et
In 1960 Kotthaus (ICES 1961) hypothesmed that there mlght be a new- stock ‘or' éven a new species’ of Sebastes I New
information presented in Johansen et a/. (1996) and information later presented in Johansen et al. (1997b) were briefly
dlscussed durmg 1997 NWWG meeting (I CES C:M. 1997/Assess:13). At that time; it was concluded. that;. due. to the
o [ 1 DR L Y o mGrini thaon laraes radfich oot 'Iﬂ.rnlw halano o

resembiance with 5. i3, WiCST 1arge FoG1IsM0 MU ilatay Uhiviig W

marii
ribed from waters.cutside Greenland and Iceland (e, . Almkhov and
L [ FOw; Dy 1Ulll WYL \.‘LD uul.:uu\.- \.JIUU BiCALINE, ullu A SACARLYS 13

Nefyodov 1968 Kotthaus 1960ab Kosswng 1974) Therefore it was concluded that there was suffiment blologlcal
evidence to keep these “giants” as a separate management unit not included in the catch statistics or assessment of
common . marinus at East-Greenland, Iceland and the Faroe Islands”.
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~*A fishery on the “giant™ redfish with longhners and gtllnets started on the Revkjatiés ridge‘in 1996 vutside the Icelandic
200 miles EEZ. The highest catch rates of redfish were at depths between 500+ and 800 m (ICES' CM 1998/G:3; WD2).
According to Faroe-Norwegian investigations (Hareide and Thomsen, 1997) one of the main species in this fishery was
“a Sebastestype morphologically: siniilar to S. marinus. Most. of these- fishes: were.above 65 cm. (length distribution
. ‘between 46 and:89 cm)-and:5 kg. Independent Icelandic and Norwegian-otolith readings | usmg the same method. showed

g 'that the age of these f" shes ‘Were i the range nt 15-50); years old: uu:s CM1998/(5:3; WD z)

Information presented at the Study Group of Redﬁsh Stocks (Harelde WD?2 in ICES CM 19981(.1 5) could indicate that
the “giants” do mature at much greater lengths than S. marinus (50-65 cm for females and 46-60 cm-for males).
Nevertheless, samples taken from various areas in. ICES Sub-areas V.and XIV as. well as in.the Arctic areas have shown
- that nearly 1009 ofithe’S. marinus of lengths grea‘ter than 40-45 .cm are mature; this applies to both males.and females.

S, wngabs mamad abhaca Fo

T'nerefore, these new maiurity data support the indications mentioned: above from genetic and mor }Ju.ulusn..a.l work that
~l
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The limits of the distribution area of giant redfish is unknown. It is found elong the shelves both off Iceland and
~Greenland. -(Jakob-Magniisson.. Pers. comm.). Along the Reykjanes Ridge. the species is, distributed south to, 52°N
. (Hareide.& Thompson; 1997, Langedal & Hareide 1997). “Giant”. S.- marinus caught by ﬁshermen -back to. the 19305 in

Icetandic and Greenland waters show: that the geographical distribution may have:been wlder in f'nrmer davq “ Glant" S

S abLLiaingih QIR RIRUTRRQNU. WAtLTs sl il Rantogll [RINIZATNRIRAL oLl

marinus. are still occasionally canght.in de merqal trawl in Dmsmn V. The young: fish and nursery: areas fer these larne
- redfish have not yet been found

7.1.2 S. mentef!a

Aq rlpqpnhpd abgw- l’herﬁ -are: r_llf_fe;ent Views on: the stock. structure. nf 5. mentella in the.ICES Sub areas. V XII and

XIV(Figure 7.1.1). In order to be. consistent:with these: different. views, this :.overview. of S.- mentella deals: with the
following 3 groups: Deen-sea S. mentella on the shelf, oceanic S. mentella and “pelagic deep-sea 5. mentella”.

LAY Deep-seaS mentella nntheshelf o SR N P SRR |

Traditionally, the 5. mentella on the shelves and banks around the Faroe Islands Iceland and at East Greenland are
treated as one stock unit, with a commeon area of larval extrusion to the SW of Iceland, a drift of the pelagic fry towards
the nursery arzas on relatively shaliow waters at East Greenland, and feeding and copulation areas on the shelves and
_.banks around Faroe:Islands, Iceland and at East Greenland. This implies extensive migrations of the mature fish (mainly
_-females). between the feedmg and. the .spawning.areas and of the. immature fish between PUESELY, and feedmg areas (see
.-1.e. ICES, 1983). . e :

This definition of a stock unit-has been questioned. In Faroese waters spawning has been observed in some years to the

".south and west: of the islands, implying that there could be.a local component in the area; no nursery areas have,

_.-however, been, found 5o far (Reipert; 1990). .A; relationship- to other ICES areas (II and IV) have ajso. been suggested

-(Reinert et al.,. 1992; Reinert and Lastein, 1992). The question of a possible relationship between this component and.the

- two pelagic types in the Irminger Sea has been raised several times, for example in many. reports of the North Western
Working Group. : : : :

=N
]
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A:pelagic stock of Si. mentella’ with main disiribution of adult ﬁsh in the open Irnﬁnget' Sea wasn.rdeﬁned by the' ICES
Study Group on Redfish Stocks in 1992 and named: oceanic 5. mentetla (ICES C.M.-1992/G:14). The spawning area of
this redfish is to the west of the Reykjanes Ridge in the Irminger Sea, geographically partly overlapping the spawning

. areas nf [he danp -gaa & manto"n .'Tl'\n RUTSETY. areas are not l.rnnum l'\nl' the nnlnrnr- 'Frv drift towards C[eenland anﬂ 1!' g

'l
_._,_lmalm\_md that nurgerv areas are alrma the coast nf Faet— smrl WP‘:I‘ GYPPI'\'HI‘Id F'pf-:lmu' and .r'nnnlnhrm areag e hoth in
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: -,:the international parts of the Inmnger Sea as well, as in the national EEZ’s of Greenland and Iceland.

' As 'stated above the: status of this ﬁsh assemblage as a'-separate stoek; unit‘has beeri}debated;for many years. Central-in
this debate has been the possible relationships-to the other pelagic 5. mentella type-in the Irminger Sea and to. the. shelf
deep-sea S. mentella. In section 7.2 of this report a list of criteria used to separate the oceanic and the deep-sea redfish
can be found. One of these criteria is the heavy. infestation rate of the ectoparasite Sphyrion lumpii. This parasite is also
found on the decp-sea 5. mentella from the shelves although the mfestauon rate.is much smaller; however, from many
sources it can be found that this mfestatmn rate. was. h1gher in the past. A careful momtorlng of the infestation rate is
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,and, parasite

- therefore . necessary” and -several nations.vhave already. implemented reg1stratlon .of .infestation . rates
; dlSll'IbUthl'l patterns in their routine samplmg schemes of this. fishery. N

T

\The ﬁshery on ll‘llS stock has since- 1996 heen regulated through TAC's agreed upon:in. North-East Atlanttc ;—Frshenes
".Cominission (NEAFC). The TAC level is based on the estimates from aceustical surveys covering depths shallower:than
500 m. And, as stated above, most of the fishery takes place below 500 m. The problem is magnified-considerably:by:the
nnumg of anotier type of 3. mentelia deeper than 300 m (see DEIOWJ and of the fact that the oceanic S. menreiia aiso has
i Dﬂﬁﬂ msmouu:u uecpcr [.l'ldll .)UU m lIl receni; yearb o [— } S P :

:Given the‘se uncertainties the above'mentionéd development in the catches must be described as uncertain: because: it is
-at present not known how much of the oceanic S, mentella-is actually caught In recent years -Ani attempt to lmprove the

PRSI PP NS VST U RV RN AT PNy S, I PRI gy
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7.1.2.3 “Pelagic deep-sea S. meniella™

Durlng the 1980s a second type of S. mentella, resembling the deef) sea S, mentella, was found pelagic in the:Irminiger
fESea at that ttme distributed helow the oceanlc S mente[la (Magnusson. 1983 and Remert 1987) The status of tl’llS

For the same reasons as for the oceanic 5. mentella, it is not known how large a proportion of the catches this pelagic
: -der-n-sea typa 8. mentelfa constitute, but-due to the changed hehavidur of the fishing fleet and to the hlgher marked- value

“of [l'llS ﬁsh a constderable part of the catches in recent vears could be: from this type.

It can not be excluded that this redﬁsh might be related to the shelf deep-sea S. mentella. If this is the case and the
precautionary approach is applied in the management of this stock, than the.catches of redfish in the Irminger Sea below
500 m shoulcl be reduced cons1derably (or even stopped) until a recovery has been observed on the shelves.
H R [ GoTEe T T . [ . - R T Lo S e
T2 Stock ldentlficatlon
‘Several’ methods have been used to 1dcut1fy, ‘délimit and discriminate stocks, such as analysis of populatlonal
- physiological, behavioural, meristic, morphomietric (éxternal 'shape and osteology)y bicchemical and- genetic parameters
(Ihssen et al., 1981; ICES C.M. 1996/M:1). The most used have been morphometric analysis, protein‘electropharesis
and more recently DNA analysrs.

In' the N heaat’ Atlantic; two' stocks of S: marinus'are considéred to exist (Northeast ‘Arctic and “East: Greenland-
' Iceland Farcés stock) and three S. menrella stocks (Northeast Arctic, Greenland-I¢eland-Faroe Island deép-sea stock and
: 'Imunger Sea oceanic stock): Large redfish, naméd. “giant” redfish, have been foind in different areas of the Requanes
" Ridge, ol "the ‘continental ‘stopes of Iceland and Greenland and Faroe Islands (see Section 7:1.1.3. Although they are
morphologtcally similar to 5. marinus, some evidence (mainly genetic) shows différences. :

In the Northwest Atlantic there are considered to exist nine redfish management units {Davis Strait and West Gréenland
(NAFO Sub-area 0+1), Labrador and North of Newfoundiand (SAZ + Div 3K), Great Bank of Newfoundiand (Div
“3LN), Flemish Cap (Div 3M), -Southwest (Tail) of the ‘Great Bank (Div 3NQ), St Pierre -Bank (Dw 3P), Gulf sof-St

B Lawrence (Dnr 4RST), Nova Scotla (DlV 4VWX) Gulf of Mame-Georges Bank (Dlv 5)

i.-&

~'In the n'l'mnger Sea 3. memeua is consluereu’ 10 exisi as qu typcs The mature p ri'of the océanic type: 5. ‘entélla; is
'”pct&gtc anid lIllId.Uil.S:uclJlll.b ffom about JU mio 1,000 m in'the utuii‘tget'aca In 1983 'ar‘iﬁthei‘ mature S entella type
resembling the deep-sea S’ mentella was discovered in thé Trminger Sea in' pelagic” waters’ mainly ‘deeper than 500
meters, far from the continental shelves (see section 7.1.2.3). Until then, deep-sea S. mentella was considered to be
“restiicled along:the continental. The reported differentiation of the two 5. mentella types i the Irmmger Sea has been

' based on' the followmg criteria | (e g Magnusson etal: 1994 Magnusson etal 1995)

3(‘nl’nnr ST i the dgen-cen tvpe is redder, while the oceanic type is more crrf-wsh
5Length we:ght relanonshtp ..... the deep-sea type being more stout and heavrer ata certam length

" Length'at first maturity............ The deep-sea type being longer when first mature B
Parasite infestation................  The deep-sea type being less infesied by the Sphyrion lumpi ectoparasite
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..In addition, the following cri_teria-are--used;toﬁal mthe ‘identification of -ty es{(Magniisson, 1991);

"’ The genetal ‘appearance is- different: the oceanic redfish does. usually:nothave the- u'nifoﬁn, bright colour as the deep-
' sea redfist. It is somewhat darker on thé back and the colour in general gives an impression of not being “clean”.
“» The oceamc redﬁsh is very: frequentlv 'with Black and red spots ‘or'a; mlxture of both on the skm Such spots are
sometimes observed on the deep-sea redfish but rathier seldom.’ N ‘
» Dark or grey spots are frequently in the ﬁllet of the oceanic redﬁsh but arc ha.rdly seen in the fillet of the deep -sea
i redfishi = . ‘
= 2 The oceamc redﬁsh is often sllghtly thmner {_|ust behlnd the head) than the deep—sea redﬁsh

: Iceland has d1scr1mmated between the two types in the fisheries s since 1995. ICES has however, to date, treated them as

_one stoek unit. It is thought thiat the nursery grounds for the oceanic redfish could be in'the Davis Strait, off West and
i East' Greenland, ‘Baffin Island and Labrador ‘and the ‘distribution of the deep-sea redfish i more’ restricted’ o east
p Greenland (Magnusson and Magnusson 1995) Bakay (1988) used 5. tumpi along with other parasrtes to study samples
_j"gof S. mentel!a from dlffetent areds in the Irminger Sea and Flemish Cap Bank. He concluded’ that thete is iselation
- between ﬁsh from the two }ocatlons, but indication of lnterrelatmn betWeen oceame and deep-sea s mentella froim: the
" fnorth-east central and southern areas of the Irnunger Sea o ' "

P

1ne general view nas been tnat mtes:auon rate decreased with increased oeptn tsee 1e Magnusson ¢t ai, 1995,
uﬂdgnubsun and 1Vl.dgl'lu.‘:bUl'l, 1655)..Siudies from 1995 and 1996 'oaseu on infesiation mtes and pdl' sites distribution
_pattern (Del Rio ef al., 1996; San'a.lde et al’, 1997) have, however, showed the opposne Accordmg to the 1996 study
' (Sarralde et al 1997), the ‘results, must be taken with caution because: the samples from different depths were taken at

different seasons and the seasonality in the 1nfestatlon rates has been shown to be 51gn1ﬁcant (Bakay, 1988)

; ,done to gam
analyses);

Usually two groups of fish are considered as two different stocks when evidence (i.e. biological parameters, genetic.and
morphometric) shows clear differences; meanwhile both groups are considered as a single stock. However, it is common
to consider two groups of fish, well geographically separated as two stocks (or at least as a separate management unit)
_'based on the dlstnbunon patterns of the adult ﬁshes Regardmg the two types of S mentella in the Imunger Sea (oceamc
- and deep—sea) itis known that they llve in the same area witha consnderable overlap in dtstnbunon

: Although there are some 1nd1catlons of dlfference between dlfferent types of S mentella (sectxon 7.2), the conelusron
made by the’ last Study Group on Redﬁsh Stocks was that there is, at the present tirme; no sufficient concluswe ev1dence
to allow us to determine whether the pelaglc 8. mentella in the Irminger Sea should be ‘treated and’ managed as one or
. two'stocks. The NWWG supports this conclusion but e.g., prehlmnary genetlc results presented at the meeting (WD 25)
have led the Worlong Group 0 strongly recommend an 1mptoved and more detalled scnenufic momtormg

721  Genetic work

_ The. genetlc methods that have been used to study North Atlantm bebastes spectes and stocks have matn]y focused on
. VSpe(:leS olscnmmauon wnn tne use of geneuc martcers

"Populatlon structures of North-eastern Atlantlc redt“ sh speeles have been analysed by Nedreaas and vadal (1989
1991a); Nedreaas et al. (1994) and Dushchenko (1987) and of the Pacific Ocean by Seeb and Gunderson’ (1988), using

. _|1m:mugi0'0i 1S &uu ieu.eyute a.lmtyseb

' In those studles the genetm vanatlon and dtfferenuatmn w1th1n and between the redﬁsh spec1es were found to be low
and lowest in 8. mentella. A nced for genetic markers with higher resolution power such as nDNA markers is evident.

At present various genetic methods are being employed to study the four North Atlantic redﬂsh species (8. marinus, 8.

mentella, §. viviparus and S. fasciatusy by: The Marine Research Iﬁsiiﬁltt‘;, u:c‘:tat‘lu, ilie Univer ty. of Dergt:n and The
Ingtitute of Marine Basearch. Be MNarmunyr Tha mathadas e | 39 PN ¥ ™ ADTY
AIAOLILULW WFL O LVALL 1Nk DR IGCOE Wk, M\rlé\fll, AWML ¥FLLY . All\t lll\/l..llUl-la ﬂyyuuu a.u.’ llﬂblllUElUUllla, utuuuuhua lBUleII.GD, BAADLS,
cDN. P, microsatellites, IDNA and mtDNA analyses. The researchers involved have written three ICES papers

§ (unpubllshed) on the progress of the North-eastern Atlantic redfish population’ genetic “work: on'S.' marinis alotig the
Reyk_]anes Ridge (Johansen et al. 1997b) and on the deep-sea and ocearic S. mentella ity thic Trminger Sea and adJaceut
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waters (Johansen ef al. 1996; 1997a. Preliminary results on the "giant" S. marinus haemoglobin phenotypes showed that
they were different from the types seen in the ordinary S. marinus, in S. mentella and S. viviparus and that there were
;significant differences in allele frequencies suggesting that the "giant” could be a.separate stock. Redfish samples from
two locations at Reykjanes Ridge consisted of different ratios of the, "giant” 5. marinus and ordinary 5. marinus
haemoglobin types. The genetic relationship between ‘‘giants”, from Reykjanes erge and Icelandic contmental shelf has
not been examined and onIy few samples have been collected from the latter location..
The ongoing genetic work has s0 far revealed some phenotypes and alleles of the heamoglobin protein- and . IDHP
isozyme that are unique for some .of the deep-sea 8. mentella (Hb types D-& E in 20% of the deep-sea, specimens and
IDHP-2*60 and 120 allcle in 29%). This, in addition to a significant difference in MEP-2* allele frequencies between the
_:two groups pre-1dent1ﬁed and grouped morphologtcally by Icelandlc screntrsts as deep-sea and oceanic 5, menrel!a in the

_______ Qo ot

P

P —— . _.-.‘l [P A

blLypeb Lugr;mcr buUWW atg,uuu..a.ut ur;wrua_ygurc um Cy ri‘l Eeu\;}}ype

kg aoanacdio the Vil il ; ;
wimbcrs. gecording to. the, Hardy-Weinberg equilibrium. Hctmo,_ygote deficiency is the

. Broups consist.of lmxed populatrons Wlthrn the deep-sea S.mentella in the Irrnmger Sea and Icelandrc contmen )

7_51gn1ﬁcant vanatron was, also observed, whereas no 51gn1ﬁcant variation was observed. within the oceanic S mentella
group. Based on four enzyme loci (SOD MDH, IDHP and MEP) these prelrmrnary results were presented ina Worklng
Document (no..25) to the Working Group. These preliminary results show that the oceanic and deep sea types cluster
Ainto two different groups of 5. mentella in the sampled area, although the genetic distance (e.g., Nei 1987) may be small.

' However Nedreaas and Naevdal (1989) showed that the genetic distance even between species of the genus Sebastes is

el ‘ore ¢ommon for differences between populatlons in other specnes Some critiqueé was put forward m the

_lWorkmg Group to the pre ‘_tdentlﬁcatron ‘and groupmg of the samples accordmg to the morphology and ‘ot desrgnmg the

“work out ‘from.a null” ypothesis that all S.mentella are similar. Nevertheless the Worklng Group acknowledge the
preliminary results presented at the' meeting and the important ongoing work.

The ongomg genetlc work goes further than to protem electrophores:s DNA work is currently conducted m La ada
Iceland and Norway | fo tind markers (RAPD c¢DNA RFLP, microsatellites, AFLP, rDNA and mtDNAj for use'in
detéétion and charactérisation of the redfish at different levels of genetic diffetentiation, i.e. species (larvaé ongm) and
stocks/populations. No results from this ongoing work were presented to the Working Group.

Iviorptlotoglcalworx

__-:i"llstorlcally, cllnerem anatomlc Ieatures nave oeen useu 10: Iaentlty both spectes and populauons oevenu strucui:es and
methodologies have been. used. At present multlvanate morphomemc analysis and, to a lesser extent, meristic analysrs
are considered to the only valid tool for 'stock discrimination. Morphometry has been widely used for stock

lescrumnatron n several speeles of ﬁshes and different areas with successful results even where genetics methods have
’ tions (anfnr.rl anid Rgnkp 1997 I(mcm.r et al 1994), Trnse analvqm remnvmg
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‘ In redfish morphometry has been applled mamly for specres 1dent1ﬁcatlon (Mlsra and Ni, 1983 Power and Nl 1985
Kenchington, 1986; Saborido- -Rey, 1994), showing the usefulness of this tool. Tt has, however, been used in very few
cases for stock discrimination (Reinert and Lastein, 1992 Saborido-Rey, 1994) showing clear dlfferences between the
stocks analysed.

Drfferences have been shown between Irrmnser Sea, Faroes and Norway, both 1n S marmus and S. mentella (Remert
and Lastein, 1992). However, in the case of Faroese S. mentella, some within variation occurs, mdrcatmg ‘that there
could be a mixture of several populations in that area. However the results 1nd1cate that the Irrnmger Sea S menrella
: ‘stock is a separated stock from Northeast and Faroes stocks ’ ; :

Morphometric analysis will be started in 1998 by Spanish and Icelandic researchérs irying to clarifying the existenice or
not of two types or populations of S. mentella in Irmmger Sea and thelr relatron wrth another possrble stocks n ad_] acent
‘waters such as the shelves of Iceland ‘and Greenland o : :

EAENE BT R

‘ 7.3' _ . Beseamh on redfish in ICES areas V, XII and XIV

731 Ongomg Resl:arcl:r

' Icelandrc groundﬁsh survey since 1985 (4-5 vessels for 2-3 weeks in March) 580 statlons on Icelandtc shelf down to
500 m depth (S..marinus and partly deep sea S. mentella). L
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coast) down to ISOOmdepth (S marmus and deep seaS meme!!a) R e
o Iceland has planned a survey on oceanic redfish in May 1998, where the main purpese will be to define the
distribution area of the deep-sea component'of'S. mentella. The survey area will extend from the shelf SW: of Iceland
to south of the areas where the commercial fleet usually trawls on the deeper component. .
- German: groundfish:survey. since 1982 (1.vessel.in Sept - Oc:t) Around 200 stations:on i the shelf -of West-and East
. Greentand down:to 400 m depth (S. marinus and.S. mentella).

i »:: Greenland: trawlisukvey since 1992 (1.vessel in July-October). Around 80 hauls on East Greenland and 160 on West

at depths down to 600 m (S. marinus and:S: mentella). ;
¢ Faroese ‘groundfish surveys. One survey has been carried out in February—March since 1982 covering 100—150
- gtations.- The :other was initiated-in 1991 in. July—August with 200 stations. Both condueted on the shelf of Faroes
Islands down, to. 500 m. depth (8. marinus). ., :

e Acspeeial redfish survey:has: been carried: out: armually in Septemberchmher since 1990 covering both 8. marinus

- and. 8. mentelld in Division Vb

‘ : Russian ichtyoplankton surveys (smce 1982)

Russian summer trawl acoustic survey. (since 1982)

= Genetic - Stock identification of 5. mentetla. Work is ongoingboth in: Norway anrl Ieeland Matenal sampled mestly

with peragw and bottom trawi. .
Genetic - *giants” work ongoing boih in Norway and Iceiand. Maierial sumpled from rungunen and ttawl.:
= Morphoiogical: work:on tedfish stocks has been: going on in Spain for several years {in ICES areas I, i ai u‘l NAFG
o areas) but will be sta:ted i 1998;0n S. memella in the Irmmger Sea both in Spam and Iceland:: . - ‘

I addition, brologrcal mfermatmn i collected from numerous ether surveys a:nd 1nf0rmat10n from ﬂshery related data is
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Reproductive biology — both spawning and larval drift——ol 5. marinus in the area between Iceland and the Farce

* ‘Islands needs to be studied'in order to detéfmine whether these fish might conistitute a separate stock element

» Age readings. In order to assess the redfish stocks successfully, it is important to investigate further the possrblhty of

dp\mlnmnc arelishle a age rpnrlmu techninie. Teeland has mqt started fo lnquncmtf- the otaliths of ‘i' MRS (‘n”ﬂ‘l‘é‘d

PAg & Aniialn Calllny UL, JUCIanNC N R Rttt T L

i receiit vears and Nnrwav Ruv.qra and Spain has worked further on the matter since the last age readmg workshon

Jhels

held in Germanv 1n 1995 (lCES C M. 1996IG 1)

Yo An A;codstic"su;\'rey"eri Irminger Sea should be conducted in June/Tuly 1999, Due to the decre'asin-g' c'ziteh'rates: in the

fishery on oceanic redfish (ICES C.M. 1997/Assess 13) as well as low biomass estimate in most recent acoustic

surveys (ICES 'C.M. 1996/G:8: WD7) the Study Group on Redfish Stocks (ICES C.M. 1998/G:3) recommended a
more frequent monitoring of oceanic redfish abundance in the Irminger sea in the future. The frequenc:y of joint

" international surveys should be increased and conducted at least every second year. In the light of the recent shift in
fishing effort towards deeper water on the Reykjanes Ridge (ICES, CM. 1997/Assess: 13} the Study Group finds the
need ‘for further deep-sea’hauls’(>500) in future surveys. Furthermore, it ‘is lmportant pl‘lOI‘ to the ‘survey to
investigate the possibilities of applying narrow beam transducers and new development in technology, in order to
‘give an estirnate of fish'deeper than 500 meters.

"NEAFC requests ICES for advice on an apprepnate momtormg scheme tor the pelagle hshery tor .3 menteﬂa n the
Irminger Sea considering current knowledge’ of the stock eomplemty
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- The different. countries currently parttcrpatmg in the pelagic S.mentella fishery in- the Irminger Sea have. their own
national programs for biclogical sampling and collection of fishery data but with varying degree of completeness
‘.The--following 'give an over.view of the_different-nations’ current:sampling prog_rams: . -
““In‘addition'to the hational sampling program of commercial catches, data from'the German fishery have been collected
within the frame of an EU-financed project since 1995 applying an effort of one man-month per quarter. Data recordings
-are perfermed : on-boeard fishing vessels :and ‘have provided. information on effort,. catch, CPUE, |flSh srze sexual
composmon matunty and mfestatlon rates by area, year, quarter and depth. - :

‘Spain national 'sémplin g'program of 'commercial 'catch'es-'in"Irrninge'r'Sea started in 1995:when Spanish trawlers begun to
fish in the area. The effort of the sampling was high in 1995 and reduced to a man-month to’cover the four: vessels

" operating in Irminger Seaifi 1996. The observer: move every month:and’a half to a-different vessel, thus samples from
two vessels are taken every quarter. Data have provided information on effort, catch, CPUE; fishsize; sexual
composition, maturity and infestation rates by area, year, quarter and depth. Difficulties came: from the: fact that-usually
in the beginning of the year the Spanish commercial vessels move frorn NAFO areas.to Irminger Sea drrectly and
therefore it is-not possible.to place an.observer.onboard. IE

al:biological sampling: prugram from -caiches in the mmnger Sea, conducied boin. by fishermen and
- 5] o h ecii 0“5uurs since 1995, 5 ..)cuuprca arg collecied uy ut:pm and analysed by the Marine ‘Research
institute (length welght sex, maturity,-infestation rate.ete.). Iniaddition, all Icelandic vessels participating.in;the. fishery
provides information about the vessels, their gear, effort, caich, depth, and environmental observations. Those data are
:all available on.a computer. system on haul basis and.the repprted catches in the logbooks counts for. 80- 090% of the
landings. In 1997 and also in 1998, program is ongoing to measure discards by depth and the results: from ;] 997 are

presented in section 7.4.

At present there is no national Russian project to monitor the petagic ﬁshery for the redfish in the Irminger' Sea.
Nevertheless 1-2 scientific observers from the Research Institutes in Murmansk and Kaliningrad collect the hrologrcal
data onboard of commerclal n-awlers every year

r

Norway and the Faroes have at present no sarnplmg program for therr ﬁshery in-the Irmmger Sea. In addltron to catch

. statistics, (based on both landmgs and Iog-books) mformatron about £.2., catch effort and geographlcal position based on
log-books are the only data provided..In the Faroes logbooks start and stop depth are recorded for every trawl haul,
while in the Norwegian log-books a code for the depth-interval (less than 500 m, 500-600 m or deeper, than 600 m) is
recorded.

For other countries only' total landli'ngs.statistics' for the total area are available,

-‘The Workmg Group see an urgent need for a stronger screntlﬁc momtormg of thls ﬁshery and has come up wrth the
following recommendation :

observer, program is considered necessary 19 provrde necessary and: good quality 1nformat10n about catchrates
(CPUE), improved biological sampling by depth improvement, and docurnentatlon of the convers1on factors used to
convert fillets or gutted weight to round weight, and to report the amount and size of the fish discarded.

] rdered necessary to have observers onboard the commercra] vessels. Dne man- month by natron ﬂeet and

[

. fLength measurements of the catch should be made regular]y, especm}ly if there is-a shrft in the ﬁshery behavrour of
_ _‘ ;the vessel (shlft in common tow depth change of areaetc.)

= Biological data should be collected, especially otoliths, maturatlon -sex composmon and recordrng of parasrte
lnfeetannn

» Mlmmnm and maximum fishing depth together with the dominating trawling r']PpJ’\ s onld he recorded |

...................................... =Sp s T gt N Aowiew weniiiiibadiig, wdavyaiil

vling de
It is most important that this depth information is recorded in the official log-hook
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: A_screntrfic observer program should be deve]oped to cover as good as pos51ble the effort exerted in. the area. An



“9.4° * ' Nominal Catches and Splitting of the Landings in Stocks

the catc f Tom the nceanlc S mentella
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S. mentella in Divts Va. d
in; Sub_—z_u‘ea XIV in 1994._
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.-The nrel_!m_lnarv rennneri iandmm nf oceanic c S mentella in 1997 are about 120 000 t, comnared w1th over 175 000 tin
1996. Thus the total catch of redfish in the area amounts to about 200,000 t in 1997 comuared to about 255,000 t in
1996,

. In Division Va (Iceland), the total redfish landmgs reached 87,600 t including 15,000 t of oceanic S. mentella. Apart
’from the oceamc s mentei!a landmgs, the catches in Dmsmn Va remamed relatwely stable from 1988—1995 at 92 000-
97 000 t then have decreased in, 1996 and 1997 (T ables 74. 1—7 4.2), manlv due’ 1o quoia regulaﬂons

| In D1v1s1on Vb ({ Faroesl (Tables ? 4 3-7.4.4) the Iargest redﬁsh catch was taken in 1986 (21, 000 t) Smce then catches
have decreased steadily to about 12,000 t in 1990 but increased again to about 15,000 and 16, 000 t in 1991 and 1992,
_respectively. :Sm_ee:t;perg_ce:tehesll]ave:deereased to about'T -8,000 tin 1994 —19G7,

- Landings from Sub-area VLincreased from 1992 - 1996, mainly due to:a reported increase in the. UK redfish landings
{Tables 7.4.5-7.4.6).and.in. 1996. the Faroes also Teport 550 t taken in:that area. In 1997, reported catches were 500 t.
The catches have not been, sampled- but. it is: expected that the UK catches are: probably.-S. marinus, and the Faroces
catches are assumed to be deep-sea 5. mentella. '

All landings from Sub-area XII are oceanic S. mentella taken by large pelagic trawl (Tables 7.4.7-7.4_8) except about 76
tof “Giant” 8. marinus taken by longliners and gillnet in 1996 and 21 t in 1997, There are many nations participating.in
the oceanic redfish fishery not reporting to ICES. Therefore data from NEAFC and FAO have been used to estimate the
catches of oceanic redfish. FAQ-and-NEAFC de not split the catches. accordmg to-the ICES. areas and. therefore the
working’ group decmed to aiiocate’ tnose catches to Sub-area XIl. R S

The hlghest landmgs from Sub-area. XIV were reported in 1996, havmg reached 135 OO{) t (Tables 7. 4.9-7 4.10). After
high levels in 1987-88 (90-95,600 t);- landmgs dropped to about 25,000 tin° 1989 before mcreasmg o- almost 60,000 t in

e e Ay AN L T

1594 iJaia for 1995 show-a decrease 16 about. G L. 1 his dechine-is- mdlﬂl)’ Ldl.lbeu Dy a ueol’ease in‘ihe German (leep-
can N SR . S T e O v .Y | 7-S vy W AP Ny P Iy . I
»ed AJ HIEFILELL 1i8n _'y Lll.l.U {0 [eoireciaa UllUlL 10 OUleT ISSOUrces ol aiso aue LU a blllll Ul lll Lllc chdlllb ._) ’ﬂ,ﬂ'fllguou
Finl vwrosrio th_nwas WTT QA AF tha Cainnt? L aimwrure antnhas o TO08 ced 1TD0T fomeesoarinantaler QAN 4 nsad DY &
TiSNery towards Sub-arca Xl Some of the Eiahiv o. MAriRis CawCnos i 199§ and 1997 \al_!ylunuuawny 850 1 aid Lt b

“tespectively) were takén-in Division XIV.. It should be:noted that'due to incomplete area-reportings of oceanic -S.
mentella, the exact share taken in areas XII and XTIV in recent years is just an approximate Of the-total landmgs from
this area in 1997, about 99% were oceamc S mentella

In order to have the catch statisfics for ﬂ:e lnh‘rnahnnal thm'v of S.mentella in the Irminger Sea as complete
and updated as possible (also by depth) in advance of the North Western Working Group meeting every year,
the Working Group recommends ICES to. put forward a formal request both to NEAFC and FAO to send their
statistics as a routine to ICES since not all countries report directly to ICES. ‘Othermse the quality of the advice

from ICES may be of reduced quality.

74.2 Splitting of the catches

.. As.in recent years, the redfish catches.in Division Va were split into S. marinus and 5. mentella, using both.data from
log-books and data collected by the staff of the Icelandic Marine Research Institute The split is basically based on the

idea to separate the catches by stratum according to the ratio of 5. marinus/5. mentella as observed in samples from the
same stratum. Each stratum is defined by 15 min Latitude and 30" Longitude.

The following data were used:
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1. Samples from the fresh-fish trawlers taken by the Marine Research: Institute (MRI).and the Icelandic” Catch
Supervision (ICS) personnel. ' ' ' K
Landing statistics from Germany.

Information on landed products from freezer trawlers. o
Logbook data. ‘ _
'Ix_.dnumg stau:. ic from ﬁ'le uulercnt fleeis.” ' - - ' ' s

. ':-""P W

‘Splitiing of catches from freezer rawiers: '

~ In the freezer fleet, the products are usually labelled according to species. Reliable data on this basis are availablé from
1993 to 1997, and assumlng that the specxes composmon |s the same in the spht and unsplit catches, the totaI catches

PR | SRR LSRR,

:-\:VUI.C bplll dh\aUlUllls w I.IIU pIUUULLa

Fa Ny L £ad a1 -~ ) rid P L B T
QRLILING Of Ine CAiCney Jrom Ine jresn 181 Irawliers,

1 "'.For each year The catches from each year were pooled mto rectangles ( 15 min. Latltude by 30 min. Longltude) and

2o e

ii, For each stratam and each year: The’ samples taken were used to split the catches accordmg “to thie average
composition in the samples and raised to the total catches from that fleet. If no information on the species
: "cnmnmmnn in strata for-a vear were ‘available, the' cnmnmltmn in + 1 vear, + 2 years:(max: 5 vears) were sad. If
""?“there ‘were fio observations in the period from 1988 to 1996, the: snhttmg was dorie’ accordmg to den‘th and the
=-caDta1n s ‘expérience. Only 4 small proportion of the catches were SDllt usmz the Iast cntena D

_ The landmgs in Germany are spllt at the market and reported

- The results -afe"-givenf in ‘the'fd'llo'\afi'n'gf fext table: -

: 'T"pe of fleat L % S marinuse | % S ;.'-:e.'ete;'h o
A. Freezer vessels ' ' 297 70.3
. .B. Landings i in Germany . ) _ 32.3 R Y o
C. Landmgs in Iceland (excludmg from freezer vessels) _ 689 T ) 5 A
Results (weighted by catch) . . . 488 522

The sphttmg values (%) between S marinus and deep sea S mente[la for the years 1992 1997 are, g1ven in: the
fol]owmgtexttable SISET S - S . L e

Resulis from 1992-1997 (%)
- Year | & marinud " 8. mentella
1992 5400 7 4600 ‘
1993 7 4696 0 5304
1994 . 7 4040 T T 5960
1995 46.40 53.60
1996 48.90 51.10
1997 48.80 52.20

‘For other’ areas and dwlsmns catches were spllt accordlng to mformatlon from dlfferent laburatones (Tables 7. 4 11-
7412)‘--- : REETR . G
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_As early as 1978 Mag usson and Magnusson (1978) 1nd1cated that the’ propernon of S. marinus and'S. mentella is
'hlghly dependent on depth and stated that fedfish’ catches in waters deeper than 500 m, wére >80% S ‘mentélla. Also,
they noted that catch percentages of 5. mentella in waters shallower thair 450 m were less than 20% in the SW arca
where most of the caiches were taken. The same conclusion was reached in studies of samples taken by the Marine
“Research Institute (MRI) and the Icelandic Catch® Supervision (ICS) in the period 1988 - 1997 Thts would suggest that
CPUE in redfish can be split into CPUE for 5 meiteliq and 5. marinus; by, depth.

Therefore, the CPUE for the Icelandic bottom trawl fleet for different depth intervals was calculated for the period: 1986
to 1997

"The resilts aré given in Flgure 7.4.1: The CPUE mdlees are computed by SIrnply aggregatmg tows where the percentage
of redfish in each tow is above-a certain level: This level corresponds to 10% (Figure 7.4:1). Knowing:that 5: marinus is
rarely caught at depths deeper than 500 m, it is assumed that these resu]ts gwe a CPUE for S mentella: P

Similarly, it is assumed that for the redfish ﬁshery at water depths shallower than 500 m, the caIcuIated CPUE reflects a
‘CPUE for S marmus N . _ , P o

_Cateh and effortstatist_ics werg also available for the Faroes ﬁSh_ery of §. mentella in Vb.
45 JuvenileRedfish |

_,7__.5.1” L =.Rect'uitme|‘_.e indices
TSLL Teindic pgroup ey

Indlces for O-group redﬁsh in the Irmmger Sea and at East Greenland are available from the Icelandlc O—group surveys
from: 1970 - 1995 (Table 7.5.1). In 1972, 1973 and 1974 the 1nd1ces were well above the overall average of 14.8
* suggesting goud year, classes.in those years. Dunng the. ten-year permd 1975 1984 the 1nd1ces were below average in all
the years, particularly in 1976 and from 1978-1984. Values were high in 1985, 1987, 1990, 1991 and in. 1995 the index
was 13.9 near the average.

Although the indices in 1986 and 1989 were slightly below average the indices suggest generally strdné year classes
from 1985 1o 1991 (with an average index of 19.8 for that period) following a period of poor.values (1975-1984,
average index 5.9). In 1992—-1994 the indices were below the overall average. The survey was discontinued after 1995.

7512 . . Icelandié¢ Groundfish survey < -

The Icelandic groundfish survey, which covers depths to 500 m, provides indices of the recruitment to the §. marinus
stock. Age determinations are not available, but length distributions from the survey are given .in Figure 7.5.1. The
points in each plot represent the individoal data points in terms of frequency. The solid lines represent smooth curves
-drawn through the-scatierplot using a generalised .additive model (GAM) with. several degrees of freedom. Year classes
.can:be seen in these plots and it is also seen that the recruitment to the 5. marinus stock is quite variable, but there is no
indication of any recruitment failure in recent years. The length distributions also illustrate the diminishing number of
large fish in the latest years and the recruitment of probably year-class 1985 to the fishable stock and the (probably)
- 1990 year class with an average length around 27 cm in 1998.

-+ 7.5.1.3 . . German Groundfish Sl‘l

(— _y_ -

3 .Abundance; biomass indices.and length compdsitions have been derived using annual gieundﬁsh surveys eq#el-in;g' s:helf
areas and the continental slope off West and: East Greenland down to 400.m depth. Surveys commenced in 1982 and
were primarily designed for the assessment of cod. A description was given in chapter 5.1.1 and mere detailed in the

1903 report of the N":‘ﬂ" Westarn Wm.'l""g ﬂrnup (II’“FQ’ 1993\ nnri Wnrlnnc Doc, 12, Tnuentlr- IEd.ﬂS!’! ((1'7 gm\ were
classified ag Sehastes spn. due to difficult species ident ._.1fr".ca-.o__
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Trends in survey abundance and biomass for juvenile redfish (<17 cm) broken down by stratum at- West and. East
Greenland were listed in Tables 7.5.2 and 7.5.3. Respective values were shown in Figures 7.5.2 and 7.5.3. Small and
unspecified redfish are very abundant and were distributed both off West and East Greenland. A lack of these size
groups durmg the years 1982-84 mlght be caused by trregular recordtng of catches Smce 1993 when the mdlces showed
a pronounced peak, both survey abundance and biomass decreased .

L ngtn mstnbuuons were iliustrated in hgures 7.5.4 ancl 7. :: 5. aggregated for West and East Ureenrana reatcs at (6. 5
10.5-12.5 and 15.5-16.5 cm re-occurred frequently and-might indicate the length of age groups 0-2. : :

"T5L4 - Greenland Trawl Survey -

Juvenile redfish are caught both off West and East Greenlancl; during the Greenland trawl survey, which are available
from: -1992 off' West Greenland and from 1992 — 1996 off East Greenland 'l‘he Su.rvey is directcci towards shrimp The

groundrope and a new doublc-bag 20 mm: mesh size godend: and the trawl doors were of the type Perfect' S_tandard
hauls were of 60 min. duration with a towing speed of 2.5 knots. Trawling was restricted to the day light hours.

Juvenile red"ish abundance and biomass are caicuiated by the

SW
ons and wmg,-aptcau was ld. Cef A58 ‘l-lf;_ average

Tage of
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Table 7.5.4 and 7.5.5 describe the trends in survey abundance and biomass for juvenile redfish in the Greenland shrimp
trawl survey broken down by stratum at West- and East Greenland. Off West Greenland, both. abundance and biomass
indices are quite variable.

Off East Greenland the survey indicaie an increase in the stock abundance and biomass from 426 million individuals and
28,665 t in 1992 to 4.6 billion individuals and 160,719 ¢ in 1096, East Greenland waters are usvally sparsely covered on
the Greenland Shrimp Survey due to difficult bottom topography and lack of major shrimp concentrations. Catch indices

should therefore be considered with high uncertamty The survey however has not indicated any sigh of significant stock

: decllmng of Juvemle redﬁsh during the past 6 ‘years. Age determinations are not available, but length distributions: from
“the survey are 111us|:rated in Figure 7.5. 6. Reappeanng peaks at 6-7 cm and 12 ¢m are Tound ‘at West Gréenland and
mtght indicate annual growth mcrements and represent the age 1and 2 year groups The survey was’ d1scontmucd off

'East Greénland after 1996. : b coer

7.6 Dlscards of redﬂsh

761 Dlscards of redf‘ sh in East and West Greenland

An offshore shrimp fishery with small meshed trawls (44 mm) began in the carly 1970s off the west coast of Greenland
and expandcd to the east coast in the begmmng of the 1980s, mainly on the shallower:part-of Dohrn' Bank and on the
contmental shelf from 65“ N to 60° N.

3
R

‘ The shrlmp ﬁshery at both West and East Green]and takes small redﬁsh asa by catch

: Samples frnm each l'Ila_]Ol' shr1mp area have been collécted since 1996 by observers from Greenland Fishery Llcence
_'Control m order to quantlfy and estunate the by catches and length-structure of redﬁsh in the East Greenlancl shnmp
'ﬁshery ' - : : :

During the 1996 fishing season sampling was made on 7 different vessels in the period of Novembeér-December. Tn 1997

sampling was made on 1 vessel in March. The samples were used to calculate the ‘average bycatch of redfish per kg

shrimp catch and the average length distribution of redfish. Under the assumption that the average Bycatch rates-are
_ representative for the whole shrimp fishing season, the total bycatch of redfish at East Greenland is estimated by raising
“withithe total annual shrimp catch. The éstimated bycatch and‘the sample fractions-ave listed in Table 7:6.1: The redﬁsh
' Iength dlstnbutron of the est1mated bycatch are 1llustrated on F1gure '? 6 1 T T R

Bycatch oI redfish off West Greenland was pre\«'lousry esiimaied at’ apprummatcly 3,100t

FaTaTaRPars 7o PV

reiated 0 an annual shrimp catch of about 56,000 § (ICES CM 1996/Assess:15).
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depths above 600 m: Dnrmr.r the' 1997 ﬁshm_. season measunnz was.] made on dlscard from different depths and oén 10
dlfferent vessels ini the period from May to July. A total of 115 samplés were taken and the total numnber of fishes was
more than 28 thousand. fishes (Table 7.6.2), and the length distribution from different depth intervals are given in Figure
7.6.2. The results indicate a lower discard rate.than previously and the total discard rate was estimated to be 10%. This
new-value was used for raxsmg the Icelandic catches of oceamc redﬁsh as reperted offimally in the two last years. Prior

to 1996 the same value was used as: used prevmusly

Norwegian fishermen currently report approximately 3% discatds of redfish infected with the parasite. This percentage
has in recent years become léss due to achange in‘the production from Japanese cut to mainly fillets at- present

No 1nf0rmat1on on; poss1ble discards was avaﬂab]e from other coumnes partu:lpanng in this fishery..

'7.6.5 | Regulatlnns ut‘ small redﬁsh bycatch at East and West Greenland

'Present regulatmn concermng by- catches it the Greenland shnmp ﬁshery pemnt a by-catch maximum of 10 % of the

total catch per each haul by weight. In 1994, a new arrangement with observers on board the vessels was 1mplemented o
strengthen the enforcement of the regulations and improve the reliability of the log-books. :

The Redfish Box was created in 1981 off East Greenland as recommended by ACFM to protect that part of the nursery

- area of redfish (S. miarinus and 5. mentella) against the directed cod andiredfish trawl fishery. Lurrently, the redfish'box

1s effective also to the shrimp fishery

Bearing in ‘mind the declmmg ﬁshery and bmmass of 5. mentella and.S..marinus.in all areas, and increased interest of
fishing redfish, concern must be expressed on the discard of small redfish of both spemes where ever it takes plaees

The Workin'g --Gr'oup suggest the following measures for protections: i ;. |
- legislate t'hefm'andatory use of a "fish grid or Zg.rate“. as is the case in-the Barents Sea and in Icelandici waters.

- permit the temporary closure of areas when’ the by catch of small ﬁsh exceeds a deﬁned level as enforced at Iceland
and in the Barents Sea.
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Table 7.4.1. REDFISH. Nominal catches (tonnes) by countries, -in Division Va 1984-1997, as =}
officially reported to ICES. :
- -Country, - . -. 1984 - - 1985 .- 1986 . . 1987 . 1988, . 1989 . 1990 ..
-Belginm -~ 291 400 4230 398 - 372 - 190 RN LTS
o~ FaroelIslands - - . . 686+ .0 291 - iild40 e 332 S 372 394 - . 624
-+ Germany, Fed. Rep. * I e AR
©OJeeland s o 108,2704 0 91,381 085,992 0 87,768 . 93995 . 91,536 - 90,891 -
Total 109,259 92,080 86,561 88,505 . 94,746 - 92,121 - 91,585

“Colmtry’ "7 U7 U991 T 71902 1993 1694 1995 -~ 1996 - 1,997
© Belgitim S 146 107 0 96T T 500 T
Faroe Islands 412 380 438 2m 521 309 242
Germany, Fed. Rep. * ~ ' ®o 0 ThooLUtt o o 46 229 2330 il
Iceland® 96,770 94382 96,577 95091 89474 67,757 71,200
NO['W&}’ _ e R I‘-_""" L .,;.; : S ST 1341 i _
Total 97328 04878 97111 _ 95389 00224 68433 71,442

1) Prbvisional ' | * : .
2) Oceanic 8, mentellanotincluded -~ .~ = e e ‘ i U P EO S|

7,_(,1 I " . .
L -y ~~ S TATITRLTITOT T

Table 7.4.2 -Landings of REDFISH:(in tonnes). by couniries in Division Va as used by the-Working
Group. ' o S UL

. Year:~: ¢ Belgium'~  Faroes - FRG- ' Iceland . Norway - - ¢ Total =i
L1978 1,549 242 s 33,318 : 93 . 35,202 ¢ o . .
1979 1,385 629 62,253 43 64,310 ' i
1980 1,381 1,055 ; el 697800 33 72,2490 e |

1981 924 1,212 93,349 32 95,517
1982 i+ . 2B3 oo 1046 <0 115,051 - Sl BI639L

1983 389 1,357 . 122,749 32 124,527

1984 . 5 0 29140 686 . . 108,270 12 - 109,259, -

986 423 253 33,592 86,070
1987 3938 332 87,76 38,505
L Fg¥aka) taln Tal T FaV BNFag A e,
1988 372 372 54,61 §4,702 |
1989 190 394 91,53 92,121
9

Sl
=]
0
(=]
e I ]
[= W ]
)
()
'y
(o]
=
0o

SO O OOOoOO =N N®

1991 1 7 97,328

1992 107 389 96,350 ° 96,846

1993 96 438 99,180 ° 99,714

1994 50 202 46 110563 * 110,861

1995 0 521 229 91,017 ° 91,767

1996 0 309 233 72,367 ° 72,909
T

1 Provisional data

2) Including 1968 tonnes oceanic 5. mentella.
3) Including 2603 tonnes oceanic 5. mentella.
4) Including 15472 tonnes oceanic 5. mentella.
5) Including 1543 tonnes oceanic 5. mentella.
6) Including 4610 tonnes oceanic 5. mentella.
7} Including 15253 tonnes oceanic 5, mentella.
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Table 7.4.3 REDFISH. Neominal: catches (tonnes) by countnes An D1v1310n Vb 1982-1997.

ofﬁcmlly reported to ICES:+, et
Counry . . 1982 1983{'__,__4 1984 1985 19861 1987 1988 1989
Denmark - - - - 35 176 N .8 -
Faroe Islands 3999 4,642 8770 12,634 15224 13477 12,966 12,636
France . 204 433 559 1,157 752 81 582 996
Germany, Fed. Rep.> 4,660 4,300 4460 5001 - 5142 3,060 1,595 1,191 .
Iceland 1 - - - - - 21
Norway 7 3 ‘1 4 - 2 5 B T A
UK (Engl. andWales) S - = - . - o
USSR - - Sl oL R Ve - . o R
Toal -~ - "8871 9384 13932 18886 21,156 17,537 15,156 -~ 14,844
' Country 1990 1991 1992 1993 1994 1995 1996 19971
Denmark . S+ - - - - - - e
Faroe Islands 10,017 14,090 15279 9,687 8,872 7,978 7286 7216
France! - . 909 473 114 32 90 111 62 30 -
Germany, Fed. Rep. 441 447 450 239 155 91 189 36
Norway ©o21 20 34 16 -+ 31! 34 351 25
UK (E/W/NT) S 2 21 28 1 2 40 .
UK \uuut}mlu) . ' ) T . i 8 1 5 ‘18 24 43
Uliiied nguum o e : ' o R ' : 36
USSR/Russia® - - 5 44 3 - 3¢
‘Total 11,388 15,033 15921 10,047 9,170 8,240 7,655 7,346
I)Prbvnsional'

[ I T LT
4, HICIuuEs I.UI.U.IE» WAL

3) As from 1991,
" 4) Reported to the Faroese Cnastal Guard Se:rvice

Table 7.4.4 Landmgs of REDFISH (in tomles] by countnes in Division Vb as used by the Working

Group

Year __Denmark _ Faroes France FRG.__Iceland L1thuama Norway_ Nederl UK Russia’ Total
1978 0 1525 448 1,767 0 9 0 57 0 9,806
1972 0 5693 882 6,108 o - i1 O 0 12,674
1980 0. 5508 ' 627 3,891 0 12 0 0 0 10,039
1581 0 3232 . 59 . 3841 0 13 0 -0 0 7,145
1982 0 3999 | 204 5,230 1 7 0 0 0 9,441
1983 0. 4642 439 4,300 0 3 0 0 0 9,384
1984 08770 559 4,460 0 H " 0 142 13,932
1985 0 12,634 1157 5001 0 - 4 0 0 868 19,754
1986 36 15224 752 5,142 0 2 0 0 320 21,476
1987 1760 13478 819 - 3,060 0 5 0 0 0 17,538
1988 8 13318 . 582 1,595 0 5 0 0 0 15,508
1989 0. 12,860 996 1,191 0 21 0 0 0 15,068
1990 0. 10364 909 441 0 21 0 0 2 11,737
1991 00 14090 473 447 0 : 20 0 3 4 15,037
1992 0 15,279 114 450 0 4 35 33 39 47 16,003
1993 0 10,040 32 239 0 o 16 22 2% 44 10,422
1994 0 7978 90 % 155 0 0 31 0 19 3 8,276
1995 0 7,286 in? 91 0 0 34 0 26 9% 7,557
1996 0 7286 627 - 189 0 35 83 0 7.655
1997 0. 7216 30° 36 0 25 36 33 7,346

i Provisional data.

2 USSR 1978-1991, Russia since1992.

3 Reported to Faroese costal guard service.
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-Table 7.4.5 REDFISH. Nominal catches (tonnes) by countries, in Sub-area VI 1982-1997,as .;
officially reported to ICES.

Country L 1982 1983 1984 1985 1986 1987 1988~ 19‘89‘---;-
Faroe Islands - ‘ E e A I - ' - 1 )
France : 44 93 102, 397 480 1,032 1,024 726_
Germany, Fed. Rep 604 359 563 76 24 - 16 1
Ireland ' o - - - s N R iL
Norway T ' 4772 -9 - ‘14 2 1

Spain - 2 - - - - -

UK (Engl. and Wales) ' 2 - 1 1 2 3 75

UK (Scotland) - - i - 10 i7 -6

Total 654 4506 655 492 530 1,054 1,123

Country . ... -~ . . .. 199071991 1992 1993 1994 1995 1996

Farce Islands " 0 . T w220 e TS - o
Franice ! -~ -+ - C T 684 48B3 127 - 268 ~ 555 596 - - 558 -
Germany, Fed. Rep. ‘ 5. g - 77 87 5 9 1
Ireland " : - - 1 bl - 4 B

Ndiway : . 5 + 4 3 2! g1 6! 5
Spain - ' - . o :
UK(EMWMND 29 12 . 4 4 9 105 54

UK (Scotland) - _ 6 40 32 94 i18 500 603

United Kingdom . o ] ' . 333
Total 730 565 174 447 771 1,220 1,230 " 539"

1) P{pyisiqnal ]

' Table 7.4.6 Landmgs of REDFISH (1n tonnes) by countries in Sub-area VI as used by the Workmg

Group.
Year Faroes France FRG Ireland Norway Spain UK Total
1978 - S0 307 18 0 4 00 .2 .33 |
1979 1 215 604 0 4 0 1 825
1980 0 202 907 0 2 0 0 LI
1981 ~06 24 983 o . 3 0 o1
1982 g A4 gD4 D 4 0D 2 - 654
1983 0 93 350 0 . 2 .2 .0 456
1984 19 102 563 (R 9 0 2 695
1985 18 397 76 - 0 0 0 1 492
1986 0 480 24 0 14 0 12 530
1987 0 1,032 0 . 0 2 0 20 1,054
1988 1 1024 16 . 0 . 1 0 81 1,123
1989 61 726 1 0 2 0 7 797
1990 0 684 6 0 5 0 35 730
1991 22 483 8 0~ + 0 52 565
1992 6 127 0o 1 4 0 36 174
1993 0 268 77 - 1 3 0 98 447
1994 0 555 87 . g 2 0 127-. 771
1995 ) 596 5% 4 S 0 605 1,220
1996 550 558 g = 6 657 1,780
1997 ¢ 0 1 5 533 539

" 1) Provisional
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Table 7.4.7 REDFISH. Nominal catches ( tonnes) by countnes in Sub-area XII 1983- as
0ffic1ally reported to ICES and/or FAO. .

Country 1983 1984 198:5 1986 . 1987 1988 1989

Bulgaria ' - - - - - - -

Estonia - - - - - - -

Faroe Islands - - ‘- - - - -

Germany, Fed. Rep. 2,209 - - - - - 353

Germany, Dem. Rep. - - - - - - -

Greenland - - . - . . . 567

Iceland - - . - - - -

Latvia - - - - - - -

Lithuania - _ - . _ ) )

Norway - - - - - - -

Poland - - S - S 112

UK (Scotland) - - i - - - -

Ukraine - - - - _ -

USSR 60,079 60,643 17,300 ' 24,131 2,048 9,772 15,543

Total 62788 60,643 17,300 24,131 2,048 9,772 16,575

Country 1960 1991 1992 1993 1994 1995 1986 1997

Buigaria 1,617 t- 628 3,216 3,600 3,800 3,500 B

Estonia ' - - 1,810 6365 17,875 421 4,697 1,985

Faroe Islands - - - 4,026 2.896 3,467 3,127 1.40¢°

Germany Fed. Rep.’ 7 62 1,084 6459 6,354 9,673 4,391 8,866

Greenland - - 9 710 - 1,856 3,537 o

Iceland 185 95 361 8,098 17,862 19,577 3,613 1,130

Latvia - - 780 6,803 13,205 5,003 1,084

Lithuania - - - 6,656 7,899 7,404 22,893 10,649

Netherlands - <. C - - 13 ' :

Norway 249 726 380 5.9ii 4,275 4,593 1,010 2,699

Poland - - - - - 662

S? i L _ : 20 410 -
UK(E/WND) ) R 33

UK(Scotland) : . o ' ' : 13 £

UK ot e +

Ukraine i - . 2,782 5,561 3,185 5187 : -

USSR/Russia ® 4274 6,624 2485 4,106 10,489 34,730 606 .

Total - 6,332 7,507 14,193 56,375 89,551 109,231 37,188 ¢+ 16,742"

1) Provisional

2) As from 1991.

3) Includes former GDR

o8]
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§ Table 7.4.8 Landings of REDFISH (in tonnes) by countnes in Sub-area. XII as used. by the Workmg C:mup All catchfigures taken from FAQ are set
to this Division.

Year BulgariB® Canada Estonia®  Farces France FRG" Gxeenlland Iceland  Japan - Latvia thhua]nia Nederland Norway_ Poland U_lqain_e" Russia®  Spain UK Total.
1981 0 D 0 0 Lo e T 0 o 0 T o
1982 0 0 0 0 0 0 0 0 39,783 ' YU 39,783
1983 0 0 0 0 0 0 0 0 60,079 60,079
1984 0 0 0 0 0 0 0 0 60,643 60,643
1985 0 0 0 0 0 i 0 0 17,300 . 17,300
1986 0 0 0 0 0 0 0 24,131 L2413l
1987 0 0 0 0 0 0 0 0 2,048 2,948 |
1988 0 0 0 0 0 0 0 0 9,772 N )
1989 0 0 0 353 0 658° A N 14 15,543 L 16666
1990 1,617 0 0 7. 0 218% ‘ '7::5' : "‘".t. jE!l26 2 0 C 4,274 C 704
1991 0 2,195 0 370 0 e’ R L 6,624 10061
1992 528 1,810 2 1,280 9 419° 780 655 - 3992 0 11,266 o 23249
1993 3216 6365 4,026 0 6,144 8 9394° 6,803 7,899 630772 0 2782 18,669 LTSIz
1994 3,500 17875 286  606° 7,058 0 20755°% . 13,205 7404 o 4! 0 5561 10489 9374
1995 3800 6027 16854% 5239 226° 9673 |0 156 22709° 1148 5003  22893° 13 4 ? 0 3185 32730 20 U 128982
1996 3500 6507 7,092 4,198 4419 0 3974° M5 1084 iosdsT T 0 T q0se? 518 606 5000 260 38904

1997 ! 11 1,985 3,420 0 8866 0 1243° 31 L st e 0 0 16,375

1 Provisional data.

2 Area and/or quantum ad_}uste-d according to official log-books and raised (by 5% prior to 1994 and 3% in 1994- 1996) io account for discarding. ‘ .
3 USSR 1981-1991, Russia since 1992, _ o !
4 Includes former GDR. ‘ ' . - 1
5 Raised by 16% to account for discarding from 1989- 1995 and by 10 % in 1996-1997. - - - Lo |
6 As reported to Greenland

7 Taken in NAFO area IF

8 As reported to FAQ for the North East Atlantic.
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.Table 7.4.:9 REDFISH. Nominal catches. (tonnes) by countries, in' Sub-area. XIV 1983-1997.as =
off1c1ally reported to ICES and/or FAO.

Country 1983 1984 1985 7111986 1987 <1988 1 1989
'Bulgaria e 2961 5825 11,385° 12270 ' 8455 4,546
Dénmark - - - - - - -
‘Paroc Ilands 27 - - s w3 1em 226
: __Germany, Dem. Rep, 155 . 989 5,438 8,574 7,0_2}. - 22,582 4 8,816 "
. Germany, Fed. Rep. . 28,878 14,141 5974 . 5,584 4,691 :
.Greenland 1 10 2,519 . 9,542 670 - 42 . 3
Ieeland SR - - + - - - 814
“Norway SR - 17 - - - - -
Poland - 239 i35 145, . 25 - - R
~ WK (Engl. and Wales) < - - - Com S 5
UK (Scotland) | : - - - fa -
'United Kingdomi o . o o - .
“USSR/Russia =~ S 4 42973 60,863 68,521 55254 7177
_Total ] B 29,061 18,357 65,864 96,102 93582 87,967 21,587
Country - . 1990 1991 - 1992  -1993.,. 1994 1995, 1996 1997
“Bulgaria“ G 1,073 o _ . L. ] . .
Denmark I : - S i- - T e . . ..
Faroe Islands - 115 3765 3,095 164 8 298 40
Germany, Fed. Rep* 11218 9,122 7959 26969 22406 9702 16996 11,610
Greenland : T4 42 962 264 422 2036 . 2690 .
Iceland 3,726 7477 12,982 11,650 29,114 8,947 - 49,381 - 36,390
Norway ~ '~ 7 " 60707 4954 14000 83517 ‘2,689 2,003 62867 433
Poland L : L 114
Portugal - - - - 1,887 5,125 2,379 3,644
Spain 4,534 3,897
CUKBMWAND S o 39 C 21950 4178 - 241 - 138 48 . 247
UK (Scotland) 3 + 28 8 4 210 6
United Kingdom - - - - o N _ - 28
USSR/Russia? 2,040 2,665 1844 6560 13,917 © 0,430 45,142 36,930
Total 25,193 24,594 41,718 57,138 70,661 42,752 127,331 89,189

1) Provisional data

2} Fished mainly by Japan
3) As from 1991 -

4} Includes former GDR
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1 3) USSR 1978-19%1; Russia sihice 1992. R -

Table 7.4.10 Landings on REDFISH . (in-tonnes)- bv country in: Sub-area: XIV, as ‘used - bv the
working group.

Year Bulgaria Danmark Faroes FRG?. Greenland - Iceland Japan Morway Poland Portugal UK Russia ° Spain., Total

1978 R "0 20711 3 151 0 2 0 13 0 20,880
1979 0 0 20428 0 0 0 0 0 0 0 20918
1980 0 0 32520 0 89 0 o 0 0 0 " 32,609
1981 0 18 42,980 r 0 0 0 0 0 0 d2099
1982 0 0 42,815 0 17 0 0 581 0 20217 g
1983 0 27 30970 1 0 0 D o <ol
1984 2,961 0 15130 10 0 0 s 239 0 0
1985 5825 0 1i4iz 35519 0 @ o 135 0 42973
1986 1,385 5 14158 9542 ) 0 0 i49 G 60,683
1987 - 12270 382 11,714 2812 o o o 25 0 68521
1988 8455 1634 22582 3,751 0 0 0 0 0 . 55254
1989 4,546 226 8816 285 31584 307 o 0 5 7,177
1990 1,073 0 11,218 24 4322 3450 61592 0 42 4,973
1991 .0 115 10008 .. 42 BET3Y 1904 54342 0 219 2,665
1992 o 3765 - K893 3760 13001% - 0 143222 0 06 4467
1993 T 3,095 264040 . 264 . 10911% . 938. 88482 . 0 249 5,496
1994 S 164 23474 422 1T,105% .2,6652 1887 142 13,917
1995 14 10 97020 400% 103794 7 89° 33782 5125 58 9,452 4535
1996 ' 0 2153 16,99 350° 54319* 64612 - 2379 253 45142 6,720.134782
1997 1 11,581 192° 24776°% 31612 114 3644 28 36930 7,500..:87,926
.. 1) Provisional data.. .

2) Area and/or quan[um acl]uslcd accordlng to olﬁcm! lcg-books catches ancl oceanic 5. memeﬂa ralsed by 5% prior to 1994 and 3% in 1994 1997
to account for discarding.

4)Area and/or quantum adjusted accordmg to ofﬁcml landmgs (hy 16% pnor to 1996 ang 1{)% in 1996-!997) to account for discarding.
5} Includes former GDR

-6 Betimatad huoatoh in the shrimfichary
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Table 7. 4 11 Proportlons used for splitting the :1996 REDFISH landings between S marmus and
S.mentella stocks.

Area T va Y . VI XN XV, .

" Speciesfsfock  Simar. Smem' Sbiehr 7 S.amar. . Soment. | S.mar. S.ment.. S.ment. Smar. ‘Sment. " Sment,
- dcep-sca oceanic deep-sea - . deep-sea  oceanic deep-sea 'ot:ea.ni'c.:"' :

Belgium 1.00

Estonia 1.00 A S
Faroes .00 000  0.00 025 075 1.00 000 Lo 000 ¢ ¢
France © 100 1.00 R
Germany 0.00 1.00 0.00 . 1.09 0.00 1.00 1.00 0.06 0.51 0.43

- Greenland : ’ 1.00 0.10 0.90
Iceland 035 051 014 : 1.00 1.00
Latvia 1.00
Lithuania 1.00
Norway 100 000 100 000 L0000 002 0.98
Portugal : ' 100
Russia 100 0.00 1.00 4.00 047 053
UK 1.00 0.00 1.00 0.11 0.90

In Sub-area XIV the landings for Germany, Greenland and UK have been splitted between S.marinus and deep-sea S.mentella according to the

German surveys.
For Faroe Islands, Germany, lceland, Norway and Russm the spliting in most areas has been based on biological information presented to the
WDang UTOI]P and/or from lOg-UODKS
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Table 7.4.12. Proportions used for splitting the 19971R:E‘,DFISH landings between S.marinus and S.mentella stocks.

Area o Wa_ oo Vb L EETEE D < XV

Species/stock  S.mar. S.ment. S.ment. S.mar. S.ment. S.mar.: S.ment” S.ment Simar.  Smar. S.ment. S.ment S.mar.
- deep-sea oceanic - deep-sea + degp-sen” ‘oceanic - "Giant. deep-sea oceanic "Giant”

Bulgaria N ' R N EE
Belgium LR
Canada RS 1) SR
Danmark
Estonia : . o R 'l_,."()'()
Faroes 1.00 0.39 0.61° 0.00 1.00 1.00 1.00
France : : 1.00 1.00 o
Germany L 1.00 - © 100 7 -Le0 s 1.00
Greenland = : U100 0.10 090
Iceland 0.40042 017 1.00 : © 100
Ireland . '
Tapan 1.00
Latvia 1.00
Lithuania
Nederlands ‘ _ : Lo o
Norway 100 -~ 000, 100 000 042058 0.00 099 001
Poland : o S : oL 1.00
Portugal _ o 1.00
Russia - ' 7 1o 1.00 - 1.00
Spain 1.00 1.00
Ukraine R : e o Lo .
UK. L _ 1.00 © 000 © 100 1.00 ‘ - 0.10 0.90 -

In Sub-area X1V the landings for (:}ermany, Greenland and UK have been splitted between S.'rrmrfr;m‘ and deep-sea S.menteiia according to the German surveys, .
For Faroe Islands, Germany, Ieeland, Norway and Russta the splitting In most areas has been based on bidlogical information presznted to-the Warking Group and/or from log-books. .
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Table 7.5.1 Number of O- group REDFISH millions per nautical mile” from the Icelandic O- group sarvey. ¢

Year Number . Year Number

1970 8.6 1984 43
1971 12.6 1985 22.6
1972 31.1 1986 12.1
1973 74.0 1987 229
1974 23.6 1983 17.0
1975 12.5 1989 14.3
1976 5.8 1990 235
1977 13.0 - 1991 26.4
1978 6.5 1992 11.6
1979 1.3 - 1993 4.0
1980 3.0 1994 5.8
1981 9.0 1995 139
1982 2T

1983 0.7

Table 7.5.2 Sebastes spp. (<17 cm). Abundance indices (n*1000) for West, East Greenland and
total by stratum as derived from the German groundfish survey, 1982-97. Confidence
intervals (CI} are given in per cent of the stratified mean at 95% level of 51gmﬁcance

f\ incorract due to incomnplete samnling

J AL AL Ll b LR RS JILUUIAJ.F Tt L .l.l.JlAl.l.b
YEAR 1.1 12 »1 22 31 57 41 42 5.1 52 6.1 &2 7.1 7.2 WEST __EAST _TOTVAL
1862 1057 8&8 121 27 B 4z . 22 152 607 1553 1635 2318 4947
1983 4956 505 14 138 g 1w 21 . 82 8 1708 B50 466D 2668 . |7d28
1984 5021 G714 20 219 141 28 W - 128 693 206 ©157 (1028) - (10185) 1
1985 4889 9615 54 9712 | 47 . 67 . 5§ . B17414 149809 210, 5088 98 17439 972680 D90I28 |
1986 10740 237638 113 1811 54 218 . 38 2651 B9 12312 ' 5757 250810 20789 . 271339 .
1887 12455 113990 4 . B0 TS | o343 2580 132 8961 123715 126487 137781 264218 |
1988 19670 42481 0. 107 o0 139 o 1570 2983 896 13084 18457 62426 96979 99405 ‘
19Bg 7717 13160 3071 S3T0 . 1B 59 1331 317 150 4274 . 2156 29405 19081 40486
1550 11286 95990 15417 1E3E 7@ 6108 848 2067 3183 482 13708 4368 71983 23008 05281
1991 51030 6DBAS 34871 22668 13602 2508 E92 1541 45453 - 3051 209 1708 622 187956 51043 238999
1882 257i5 10084 12691 17277 7463 3573 41 iarie . 1373 118882 {15Va) (121335
1993 5460 39035 664 11331 © 355 2778 14 3401243 2403634 244 B10639 6000 59632 6621789 6681401
1994 3405 12002 9B27 . 4013 1189 1731 10843 9867 57889 52877 (S7BBY) :(110768)
1995 . 899 10236 ©55 34604 274128 2671933 4072 188899 3061 46184 3143093 3188277
1996 457 14357 G210 O37F 28961 11571 2483 107237 405272 223348 1973189 2423 3071 177658 2007308 12184961
1997 8519 AT117 015852 ‘43431 20184 444 68931 225059 89054 374542 1372 202479 ©91127 833605

Table 7.5.3 Sebastes spp. (<17cm) Biomass indices (tons) for West, East Greenland and total.by
stratum as derived from the German groundfish survey, 1982-97. Confidence intervals
(CI) are given in per cent of the stratified mean at 95% level of mgmﬁcance )
incorrect due to mcomplete samplmg

'4.‘

7.2 WEST EAST CTOTAL UGi

N
tal:
bl

YEAR 1.1 1.2 2.1 LT 3.2 4.1 4.2 EAl 5.2 .1 6.2 Al

To82~ a7 1@ s ] 0 2 1 [ 36 72 60 11g . 179 4
1983 108 21 . % B. 0 1 1 5 o 73 17 133 95 ;. 228 51
1984 - 91 104 1 B: 8 1 1 ¢ - 19 g 208 (33 (a0} T
1985 @z 367 2 5B 2 3 1 15335 ¢ 7129 & 200 § 515 22675 23190 142
1986 . 454 6645 3 w2 B 1 - 123 3 218 78 7I1BB 437 - 7605 168
1987 265 5021 0 Co1 0 147 . 187 T 6502 5287 7078 12385 93
1988 218 1491 0 4 1 5 a ar = 144 42 §1B 1414 1719 2985 | 4004 5
1988 111 270 22 48 D 1 81 . 187 17 a7 135 453 707 1160 42
1990 99 368 68 20. o0 ] 2 a7 118 20 833 288 582 1306 | 1868  &©
1991 te8 797 73 242: 29 24 2 15 568 94 4 a3 34 1380 758 (2138 48
1992 152 385 48 111 74 220 1 65 18 1057 (18) © (1076) B4
1883 72 512 w7 s 8 77 1 518K © 7HG7A 12 48523 9BD  ©50 176328 177278 90
1994 26 218 55 57 30 .64 14 277 ) 2704 866 (2704) - (3570) 132
1995 ) 6 B30 10 347 3834  407D2 46 g749 190 €93 54611 55304 97
1096 a 28 13 W17 0 @1 29T 13 3301 5B40 10853 26882 135 171 4126 43881 48007 96

163 544 15

997 61 344 D 214 - 2437 5017 2141 - 1s112 P 73 3779 23344 37123 Bt
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Table 7.5.4. Redfish (Sebastes spp.). Abundance indices (1000) for West and East Greenland as
derived from the Greenland shrimp survey. Confidence mtervals (CI) are given in per
cent of the steatified m t95% level of 51g_m_1f1cance

FAN 1AS 1AX i IBN: . 1BS - ICLE "ﬁ_'l'.lD c 1B - IF . Westgr. - Cl
“7647 45740 6227 1032000 ' °205200 © 55770 29050 © 5386 - 6328 1387698, 66
9222 28200 5838 408100 22430 173300 189900 660000 248500 1145834 58
48530 89130 12470 1747000 357800 291200. 102300 = 12740 118900 2768033 52
56920 23260 10430 604800 55970 216300 95150 4592 5163 - 1062188 45
2452 .- 3956. 5493 1980000 66080 118500 67390 10740 63060 2311710 38

East3 East4 ~ Eastgr cr
13690 450 425355 162
5841 .. 936. 1667207 152
15740 ¢ 1509 T°1391792 107
45740 782 2929167.. 73
23204612889 123 -

Year. Eastl East2 East3 East4  Eastgr. Cl
19920 2620 26670 343 32 29665 ‘B8 -

1993 69513 11643 144 128 81419 - 131

1994 - 48854 424 41 49319 g9

- 1995 10296 51931 4703 33 66934 95

1996 1364 157888 879 588 160719 117

Table 7.6.1 Estimated bycatch in the Greenland'shri‘n.lp fishery

Year Number of fish discarted Tons ﬁsh discarted No of samples  Sample fraction of fleet

1996 77mil. 350 47 70%
1007 S A mill:r 77 984 15 8%

Table 7.6.2. Oceanic redfish. Measuring of discard in the Icelandic fishery on oceanic redfish in

1997, by depth.
Depth {m}
Data 300-399 400-499  500-599¢  600-699  700-799  >B00 Total
n. of fishes processed 988 987 868 5899 14008 2774 25524
n. of discarded fishes 119 187 88 1107 1122 309 2932
% discard 11% 16% 9% 16% 7% 10% 10%
stddev of % dlscard 10% 13% 4% 24% 19% 3%

" n. of samples’ R T ST SR |\ IR 7 SRR & PRIt &

L¥S
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—
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" Redfish in the area East Greenland-
Depth Iceland -Faroe Island

h ;lA-;------‘--.-.---V -------- -- ----. ------ - ------- =--V ----- ‘-....'---=-_7-..?.-.-..----:,--'uunn]

_ ‘Oceanic
(: S. mentella

Flgure 7.1.1 Schematically possible relationship betwecn dlfferent stocks of redtlsh in. the lnmnger Sea and along the
continental siope of E-Greeniand-Iceland-Faroe Isiand. | : j
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. Year
Figure 7.4.1. Resuits of CPUE from icelandic trawlers data at different uepms, and where rudﬂ sh is mote than 10% of

“total catch tn haul,
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Flgure 7.5.2 Sebastes spp. (<17 cm). Survcy abundance mdwf:s for East and West Greenland as
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Figure 7.5.4 Sebastes spp. (<17 cm). Length frequencies for East and West Greenland as derived
from the German groundfish survey, 1982-91.
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Figure 7.5.5 Sebastes spp. (<17 cm). Length frequencies for East and West Greenland as derived
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8 Sebastes marinus

8.1 Landings and Trends in the Fisheries

" The tolal catch of § nis in Divisions Va and Vb and in the Sub-areas VI and XIV' has decreased from about
130,000 t in 1982 to about 3’7 000 and 38,000t in 1996 and 1997, respectively (Table 8:1.1). This decline of about 70%
over this period has been continuous but with few exceptmns. Since 1990, catchies' have detreased from about 67,000 t
., or about 45%. The relative highest decline'in 1996 and’ 199’}' occurred in area Vi, where 34 000—35 GOO 't were’ caught
compared to 42, 000 t 1n 1995 (Table 8. 1 l) ' :

f Catches cf S marmus in D1v1smn Va have declmed from 63, 000 t m 1990 to cnly 34 000 tin 1996, a'55% reductlon

. The catch i in 1997 was 35 000 t. .The decline i n the catch in 1994 was at least partly due to area closures 1mposed on the

fishery by Iceland in order to reduce the catches of 5. marinus. The_ catches in 1993 mcreased again (o’ approximately
42,000 t despite the area closures. The catches in 1996 and in 1997 are the lowest catch of 5. marinus in Va since 1978.

. The length distributions 1n the Icelandic landing in 1989—-1997 along with measurements at sea from the commercial

; trawler fleer. are shown m Flgure 8 1 1. The lccanon and’ number ef measured fishes by staustlca] square 1s gwen 1n
Flgure 8.1 2. : ‘

About 90—95% of the total redhsh catches in area Va n recent years | nave been taken by bottom trawiers (notn Iresn 1sn
and freezer; length 48-65 m) targetmg on redfish. The remainder is taken. Dy different gears and partly as o nycal.cn in
the gill net and long line fishery. A total of 100 - 150 vessels landed more than 10 t of redfish during the last years. As
~shown in WD4, most of the ca_tches are taken in the area from SE of Iceland to W of Iceland.

In Division VD me CaICIICS were mgneSI

in 1985 approximating $ GO0 t with steady decline to about 2,400 £ in 199C.
_T'ney nave slru.,e men Icmdmeu ai the level of 2,100-2,600 t except in 1992 when the catch was about 3,400 t (Table
: :8 1.1 1} J.v;,um. uf i S FGTES ua.u.hua ifl ‘irbl'h?a‘v'.ﬁ{ been taken 5;' pa:r traw,ersand single trawlers {= 1000 HP) ND
length distribution was available for this year. C S ‘ ' '
In Sub-area VI, the catches in the period from 1978-199 re highest in 1987, at almost 600 t, but then declined to a
level of 100 i from 1588-19%4. In 19‘95—19% the catches increased_ to Gver 650 t which are the highest catches in the
whole period from 1978 (Table 8.1.1). The provisional catch in 1997 were over 500 t. The major proportion of the
catches has been taken by rawlers. No length distribution was available

: T deep sea S mente![a in area XIV and

there have not been any dlrected fi shery for S. marmus in Dmsmn XIV in 1997. Most of the catches were taken as

,_-bycatch in the shnmp ﬁshery In former years most of the catches were taken by Iarge bottom trawlers, targetlng cn
redfish and cod.

.in March 1996 a new fishery with longlines and gillnets started on the Reykjanes Ridge deeper than 500 meters. In
_;;adchuon to, tradltlonal bottcm longlmes vertleal longlmes were used on the steep sea mountains. One or two véssels also
_JE.‘used glllnets One. of the main species caught in this fishery were the ‘ “giant” Sebasa‘es marinus (See chapter 7. 1) ‘The
main fishery has taken place from within the Icelandic EEZ (north to approx. 63°N) and southwards in 1nternatlonal
waters to approx. 36°N, although caccasmnallj,r glant” redfish have been caught south to 52°30°N.

g i’I‘he only landmg statlstlcs presented in 1996 Were by Iceland the Farees and Norway (Table 8.1.2). The total reported

. -landings of “giant” §. marinus taken by these countries.in Sub-areas XII and XIV in 1996 were revised. The ﬁsheran
11997 was not a:great success, with only 43 t reported by Norway. There has been a considerable fishing effort. on the
+'Reykjanes ridge aiso in 1997, bui the target demersal species seems (o have been Greenland halrhu;‘ (see chapter 6). .
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8.2 Assessment
8.2.1 Trends in CPUE and survey indices

Figure 8.2.1 and 8.2.2 shows the S, marinus abundance index with 95% confidence intervals using Icelandic groundﬁsh
SULVEY .4 data The mdex isa biomass. mdex of the i shable stock computed by using a fishable stock ogive as shown in
blgure 8.2.3. The index is a Lochran index (see Palsson et.al, 1989) and the stratmcatlon 1s Dased on deptn mtervals and
is shown. in Figure 8.2.4. The reason:for not using the same. stratification as used last year by the ‘Working Uroup 1is o
reduce the effect of large hauls taken at the shelf where there are relatively large changes in depth. so that the effect of
these large hauls are reduced since the stratiﬁcatton is based on depth mtervals As shown on Figure 8. 2 1and 8.2, 2, the

LML UL YL L TR

_anmmllv, wh“g 1
contribution o fﬂt',- atic

_.The mdex lndlcates an mcrea.se in the ﬁshable biomass frorn 'the Iow level in 1995. The length dtstrrbutton. from the
survey (thure 7.5.1) shows that the peak in the length distribution which have been followed during thé last years now
has reached to the fishable stock and can clearly been seen in the length distributions of the catches (Figure 8. 1. 1) as a

__peak around 35-37 cm. That is in accordance to the peak in earlier years, showing a growth of about 2 cm each year.
The i mcrease in the survey 1ndex in recent years therefore reﬂects the recruitment of a st:rong year class (probably the
'1985 year c]ass) i o _ o '

The results from the trawler fleet do also reflect the situation shown in the groundfish sutvey and althcugh the CPUE has

.bee_n ata l_ow level in  recent years (Figure 8.2.5_), it increased in 1997_and there is a further increasing in ]998.

'In summary, the Icelandte groundﬁsh survey as well, as the CPUE data seem to mdlcate a cons:derable decline in the
fishable biomass of S. marinus during the period from 1986 to 1994. The stock seems’ o have started to reeover 1n 1995
- 1998 but it is still at a low level. :

Tn Dmsmn Vb CPUE of S marmus were available from the Faroes groundfish survey 1983—1998 showmg an mcrease
in 1997 although thls was. not seen in ‘the catch stattstics wh1ch st111 are ona very Iow but seemmgly stable level (thure
82.6).

. For the period 1982-97, abundance and biomass indices from the German groundfish survey for 5. marinus (217 cm) are
, hsted in, Tahles 8. 2 2 and 8 23 by stratum West and EBast Greenland, aggregated to total and accompanym 'Iconf dence
:'mtervals, -and 111ustrated m Flgures 827 and 8 2.8. Values in 1984 1992 and 1994 were 1nd1eated as tneorrect due to

1ncomp1ete samplmg off East .Greenland. Ignormg these years, total ttgures showed a declmmg trend trom bzsu UUU
: reductton in survey biomass lrom BUU UUU t to i1, UUU tin 1993 was observed ‘which is the minimum of tne ume series
_ among years with complete survey coverage "The 1997 1ndex amounted to 18,000 tand’ Gonfirmed the severely depleted
stock st tus. Apart from the year 1990 which has ‘the maximum value amounting to 780 million fish caused by the
occurrence of _]uvemles (<25 cm), there was the same décreasing trend regarding the survey abundance. Durmg 1987 97

S " P A | :
abundance cstimates deercased from 610 million 1o 27 million.

Te agdn L ‘ o i v
1 can og Ld.l\.Ull. from. FIBUIGD o 2.9 aud 8 2 10 that thu u.»dfiSl’l WCIE mat:hy dtstr‘""*“d uff East Creenland, W

_mmor abundance and blomass 1nd1ces off West Greenland decreased almost 10 zero It ‘shiould be underlied’ that;the
;‘_enormous var1at10n of catch per tow data resulted 1n htgh confidence 1ntervals, ranging between 40% and 60% of the
" stratified mean in most of the years ' o

)

_ The length frequencies were illustrated for West and East Greenland and aggregated to total in Figures 8.2.9 and 8.2.10,

bt et FIIEE 2 el Al Ak el

' 'respectrvely They revealed pronouneecl year “and ared: effects Usually, the few 1nd1v1dua]s off West Greénland showed a

“péak ‘around 30°cm while fish lengths off East Greenlanid varied ‘over a wide range. Since 1984, juveniles (<30icm)

Jcontrtbuted 1mportant and mcreasmg parts to'the stock” Peaks at“lengths of 20, 25, 28, 29, and 30 cm between the
successive years 1985-89 and at lengths of 20-22and 25-26 cm bétween the succéssive years 1990-91: and 199596
might indicated the annual growth increments of single cohorts.
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e of the stock and catch p mctmn-:

8.22 St v

‘Al available suevey: information and CPUE data- from Division. Va .show that_the S:marinus stock decreased

~considerably to the lowestrecorded biomass level in.1995.. A slightimprovement:in fishable-biomass has, however, been
seen-in the most recent.years due to 1mproved recruitment. In the long term. the: 1990, vear:. class is expected to contribute

-significantly to.the- fishable biomass. In Division ~b.the CPUE from the Faroes- groundfish. survey show an increase in
1997 but the catches are sull at a very low level. S.marinus.in Sub-area XIV has nearly been depleted .in the most recent
6 years.

The; =wquing-gr_oup,.;a_lso? tried a new version.of an age-production -medel. - The model is described in:Stefdnsson and
Sigurdsson (ICES C.M. 1997/DD10) an improved version of:the model used earlier by the working group :(ICES
- CM1996/. Assess:16). The model was applied to the cod stock in Division Va for comparison with the standard methods
of estimating the state of the stock The model utilises survey indices and length distributions from suryey. and catch data.
The recruitment estimates as obtained from applying the redfish model and from the 1996 working group report show
_the same overall trend in the recruitment of the cod stock in Division Va. Applying the model to S. marinus the model
showed the samie general trend in the fishable biomass as the Icelandic groundfish survey and it seem to be able to
reflect the peak in the recruitment of the assumed 1985 and 1990 year classes (Figure 8.2.11). '

. Year. . survey_index Caich Va Effort . o
86 " 1137 67,772 60
87 1167 69,212 59
88 875 80,472 92
B9 053 51,825 54
90 683 63,156 . 93
91 559 49,677 89

[(s QL (s]
W M
£ LA
B =
[N .
£ Lh
n e
'b\g'-h
S2
[SEF
83

o4 430 33,669 81
85 359 41,516 116
8e 535 33,202 62
g7 567 35,307 62
o8 568
Average 85-90
969 av.86-8¢  66.3

The Icelandic groundfish survey indices ({/) may be assumed to be related to overall biomass {B) by a simple linear
relationship (/=kB). If catches in time, 1, are assumed to be proportional to stock size and effort (¥=cEB), then it
follows that catch over survey index is proportional to effort (¥/U/=aE) and this allows a one-year prediction of catch
assuming a status-quo effort level.

By assuming same etfort in 1999 as it was in 1997 (calculated from the survey index from depth down to 400 m) and
calculating the catch in 1999 as:

Catch g9 = Survey index o3 * Effort o7,
the catch will be around 35 000 t.

In order to protect the new incoming year classes any fishing effort on these components should be kept low to allow the
stock to rebuild.

ma 217 “wrierr. s 8 s T
C AALE VT UNRCEIUTTY TYAILREI U 1 DU T FOURE LR I LET B 31.3



83 Rinlogi

8. marinus is'mainly caught in Division Va.'Based on survey data, the lowest recorded biomass was reached in:1995.
-That refers to.the survey index of359; which is 63% of current level and only 31% of the highest level measured in
.1987:-The fishable stock seems to have started to recover fronyithat level. The long lasting recruitment (at least 10 years)
and poor data’ environment for. recruits. (species ldenttﬁcanon ‘of luvemles) SSB and stock dvnam]es Drevents the
estimate of appropriate biological reference points at present: -+ .~ " : SRS

It should be noted that this assumption is only based on the data from Division Va. In Division Vb the CPUE from the
Faroes: fleet show similar trend as the Icélandic (increase in last three years) butin Sub—area XIV the 8. marinis: 1s almost
depleted and no dlrect ﬁshery have been gomg on for the last three years - ‘ ° !

8."4:1 ! Speclal comments on glants”

_ACFM Iast year dectded to treal all S marmus m ICES Sub -ATCAS . V XII and XIV 'l'iC[ud.ing :the_ ‘glant’, e
management unit. _ - R

Taking all available information and knowledge into account it is the view of the Working Group that the demersal
redfish caught on the Reykjanes ridge in: ‘interniational walers,. of which nearly 100% have been documented to belcmg to
a separate genetic pool, the® ‘giants®, should be ‘managed separately and in a very conservative and cautious way.
Although these ‘giants’ living in international waters extend the distribution into the EEZs, one should avoid including
‘giants’ that can be identify as glants (i. ., nearly 100% in mternatmna] waters) in 8 TAC meant for S. marinus within
the EEZs.

Countries partlctpatmg should analyse and present effort and CPUE data together with catch statistics and
biological data irom this mternatmnal fishery to lLl:.b
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‘Table 8.1.1: S. marinus. I.andings (in tonnes) by area used by the Working:Group.. -

XV Total

Year =~ Va Vb VI X1
1978 31,300 2,039, 313 0 15477 .. 49,129
1979 . 56616 43805 6 0 15T78F T 77,214
1980 62052 4920 2 0 22203 . 89,177
1981 75828+ 2,538 C 3 0 23608 101,977
1982 . 97,899 1,810 28 0 30,692 ° 130429
1983 87412 3,394 60 0 15,636 106,502
1984 84,766 6,228 - 86 0 5040 96,120
1985 . 67,312 9,194 - 245 0 2,117 78,868
1986 - 67,772 6300 - 288 0. - 2988 - 77,348
1987 69,212 6,143 576 0 1,196 77,127
1988 80472 5020 . 533.. .. 0 . 3964 89,989
1989 51,825 4,140° - 37% 0 685 = 57,023
1990 - 63,156 - 2407 - - 382 -0 - 687 - 66,632 .. .
1991 ' 49,677 2,140 - 292 0 4255 56,364
1992 51464 3470 40 0 746 55,721
1993 °© 45890 2,621 10t 0 1738 50,350 7
1994 38,669 2,048 129 0 1,443 42288 -~ ¢
<1995 - 41,516 2,361 - 613 Q. 6l 445510
1996 1 33558 2318 663 0 59 36,598
1997 ' 35,514 2,846 538 0 29 38,927

~ Table 8.1.2 Catches of "giant" §. marinus in Divisions XII and XIV.

oo 1996 1997 1996 1997
g fNOfwaY-f %.'7;6; 21 750 ::".22

ﬂnfnnnl ) ) QN

LAl oD = O
a1 o g 1 : QAN LI
- Ll [AY) Lol BRI » R 1Y | Lk

- 1) Includes-area )(II - '
Catch figures for other areas or natlons are not avallable for the meeting.
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Table 8.2.1 . Number of stations-by.depth interval and index on fishable stock of S.imarinus In the

icelandic groundﬁsh survey by depth

A

Number of stations by dépth mterval

Depth 19851986 1987 1988 1989 1990 1991 11992 1993 .1994 1995 1996 1997 1998
interviyear o . . _ ‘

<100m - - 39..39 32 33 33 36 35 38 56 ‘53 55 41 39 40

100-200m~ © = 245 -235 230: 225 233232 231 234 241 240 244 228 225 200
200-400m - 167 166 168 150 164 163 165 :164 160 164 163 166: 163 159
400-500m. '~ My - 12 §- 8 9.7 0. -9 T 7T 4 6 7

Total 0-400m 557 546 531 511 533 535 534 537 564 562 568 534 525 478
Total 593 585 566 545 S68° 567 570571 597 596 600 540 533 . 486
Index on fishable sto_ck‘ . | o ' . _ ..

Depth . 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
interv/year ) . L

<100m 1.1 2.1 1.2 2 1 1 .0 ©o 1 1 2z

100-200m 92 89 124 96 97, 66 '74'__ 60 48 .58 38 45 &0 55

200-400m 124159 . 134, 97 114 85 48 35 47 - 50 44 75 68 70
400-500m 22 .12 10 4 .. 25 9 0 191 13 25 41 3
Total 0-400 m 228 - 259 266 200 217 156 128 118 97 109 3§82 122 129 130

Total - 252.-273 277. 221 231 -195 139 129 118 112 96 147 170 .132

Table 8.2.2 §. marinus (217 cm). Abundance indices (n*1000) for West, East Greeniand and total
by stratum as derived from the German groundfish survey, 1982-97. Confidence
intervals (CI) are given in per cent of the stratified mean at 95% level of 51gn1ﬂcance
() mcorrect due to mcomplcte samphng

YEAR 11 19 EX] 22 34 EE] 41 40 A1 52 a1 &2 Tt 72 WEST FEAST TOTAL Cl

1982 7016 6340 88792 5512 5736 14876 4087 195798 312132 38890 132358 546829 £79187 55
1883 4025 3186 3355 6623 4043 5EB6 1867 140766 453 284813 14385 25714 420387 445111 53
1884 1324 = 3438 460 1209 10871 . 2776 . 4214 .. .eses. . .. 47ard 9390 24092 {84752) (88844) 65
1985 4658 10451 B15B 1569 3220 14441 4973 78118 . 32307 1787 141500 25944 45470 279746 325216 52
1988 6327 4324 2077 3483 21503 2883 2717 124613 470" 298706 22234 43314 446023 489337 53
1987 506 653 1327 @812 L) Bs9 - .. BOAGY 9482 245 507387 27920 13157 595935 609092 39
1988 831 2239 342 2255 8938 1954 731 - 3012 - 5015 148 132458 34352 14290 174985 189275 54
1989 421 422 7T 650 6488 . .U 381 . 4003 33320 625 110663 76934 5159 225545 234704 80
1990 120 433 279 709 - 1038 L. . 146 2271 14974 72316 391 653009 - 37483 4996 778173 783169 75
191 227 256 96 68t 236 527 21 1871 1385 . 13237 172 54892 28201 3725 107687 111412 51
998 26 06 73 {E] i@ 4rr g2 835 i UazBIz  zi9Z (32622) (34E14) iS5t
1993 169 481 58 267 80 132, Q 176 €043 77 54424 4170 1188 64863 66077 93
1994 1M1 225 156 167 66 i 151 247 : 3348 1268 (3348} (4618) 41
1995 ‘ 51 &7’ 38 1467 346 152t 159 3BB9E " 2060 302 42972 43274 97
' 1996 182 267 22 244 381 383 29 2080 647 3145 494 21110 2388 1776 27762 29538 47
1897 253 §09 16 175 120 311 36 552 7 913 2357 1611 2072 24501 DPES73 40

Table 8.2.3 S. marinus (217.5cm). Biomass indices (tons) for West, East Greenland and total by
stratum as derived from the German groundfish survey, 1982-97. Confidence intervals
(CD) are given in per cent of the stratified mean at 95% level of significance. ()
incorrect due to incomplete sampling.

YEAR 1.1 12 2.1 22 31 3.2 4.1 4.2 541 5.2 6.1 6.2 7.1 7.2 WEST EAST TOTAL cl

1982 1798 1354 34440 2558 3206 9794 2532 155971 134379 30115 55682 300465 436147 B4
1983 846 a45 1572 3042 1873 4815 1084 . 181637 2689 229541 18607 14177 407104 421281 . &t
1eg4 ang 894 198 §1¢ 4935 2234 . 20R0 3801 a212m 12082 11225 (38934} [48159) BS
1985 1020 1819 2968  Av2 1427 9209 2718 8613 22453 1317 65299 23762 19633 121444 141077 - 35
1966 1282 215 752 1225 0122 iTOa 1762 45115 G382 215268 24368 180067 2057137 235203 33
19g7 255 247 660 4954 438 9539 5348 106 230844 19327 6554 265182 271716 <
1988 146 404 118 842 2570 1342 aBs2 . 1092 4930 £8 58131 48282 5804 152483 158387 B0
1989 182 137 ar2 248 2819 209 970 14820 442 54589 24360 3668 105281 1085489 47
1990 39 149 75 275 479 . 79 1343 §781 27245 154 130530 14723 2433 179413 181852 45
1991 a4 a3 24 298 t20 273 3 1007 725 10831 120 24265 62978 1780 108720 110500 a8
1992 18 35 20 61 53 24 o 447 12076 945 {12078} (13021) 130
1993 48 112 19 114 39 55 4] 75 1377 3o 20179 2899 285 24560 24945 1:]
1984 34 146 48 64 28 35 40 BO 1540 473 {(1540) " {2013) 38
igES ig i 20 43 iid TiZ ai 5556 1141 i1 i1G5i4 - 1iDis 35
1996 . 84 102 4 [:n} 128 118 B 132 138 1714 196 10855 1408 616 14312 14928 40
1997 41 281 5 61 35 188 D 245 163 447 15411 1225 B47 17246 18082 ‘50
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Figure 8.1.1. §. MARINUS. Length distribution from icelandic lahdings and from samples taken ai sea from the
trawler fleet 1989 - 1997.
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square and location of samples.
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Flgure 8.2.1. Index on fishable stock of s. Marinus from icelandic groundfish survey and 95%

: ‘cor'ljﬁd_ence intervals. . The index is based all strata on depth from 0-300 m.
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Figure 8.2.2. Index on fishable stock of s. Marinus from icelandic grouudﬁsh survey and 95%
confidence intervals. The index is based all strata on depth from 0-400 m.
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Figure 8.2.5. CPUE in s.marinus from icelandic trawles 1996-1998.
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Figure 8.2.6. CPUE of 5. mannus in the Faroeée groundfish survey 1983-1993.3.":‘
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Figure 8.2.7 S. marinus (217 cm). Survey abundance indices for East and West Greenland as

derived 1r0111 ihe \.Itsrludn gluuuuubu survey, 1582-97. *) incomplete sur \rcy uuvclage

Blomass (1000) ~

1982 1984* - 1986 1988 1990  1992* ~1994* 1996

Figure 8.2.8 S. marinus (17 cm). Survey biomass indices for East and West Greenland as derived
fro_:_n the_German groundfish survey, 1982-97. f") inc_:omplete survey coverage.
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9 DEEP-SEA Sebastes mentella
2.1 Landings and Trends in the Fisheries

The total annua] landings of deep-sea S. mentella from D1v1510ns Va and Vb and Sub-areas VI and XIV varied
considerably in the 1980s mainly from 30, 000 to 60 000 t. :

In-1990, the']andmgs,were 44,000 t, and reached 67,000 t in 1991, decreased slightly in 1992 (62,000 t) but increased to
-about 83,000 t in 1994.-In 1995 and also in 1996, the landings decreased to approximately 55,000 and 42,000 t
respectively and stayed in 1997 a the 1996 level. In summary, the average annual landings in the period from 1991—
1994 increased substantially from the average in the 1980s (42,000 t), but decreased in the last three years {Table 9.1.1).

From Division Va, total landings in 1997 were about 37 000 t, decreasing from the record high catches in 1994 of
57,000 t. In the 1980s landings varied from 10;000-40,000 t. From 1990 to 1994 the landings doubled from 28,000 t to
57,000 ¢, ‘This increase in the catch coincides with the introduction of large pelagic trawls used by a part of the Icelandic
fleet durmg the autumn and carly winter months. This fishery has now decreased to less than 10% of the 1994 level due
to low catch rates. Length distributions from.the Icelandic catches in 1989-1997 are shown in Figure 9.1. 1 e

About 90-95% of the total deep—sea redﬁsh catches in area Vaiin-1997 have been taken by ‘bottom: trawIcrs (both fresh
fish and freezer trawlers). - \

In Division Vb annual catches of deep-sea S. mentella varied from 5,000-8,000 t until 1984, Then catches increased
rapidly to about 15,000 t in 1956. The catches declined again to 9,000 t in 1950. They increased to about 13,000t 1991.

Since then thPV have remained very low and the r-ntc!’_‘_gs in 1007 of nnhr 4 (n{) t ig the lowest catch s ginge a-:rlu 1070

(Table 9.1.1). Length distributions of the Far es catches from Division Vh are given in Figure 9.1.2,

In Sub-area VI the annual catches were hig:h_es_t in 1980 (1,000 t), but have varied from 10 - 650 t during.recent years,
with the lowest catches in 1995. In 1996, the catches were about 1,100 ¢, the highest recorded catch in the series since
1978 (Table 9.1.1). There was no information of catches from France which have taken the largest'am'ount of 8.
mentella in recent years. In 1996 the Fames catches amounted to 550 t, but no Faroes ﬁshery was 1n the sub-area in

1nn'1
LFFT i . .

In Sub—area X1V, annual- catches have varied considerably. In the beginning of the 1980s, the landings were between
10,000-15,000t, but then decreased to 6,000 t in 19871992 and increased to 19,000 t in 1994. At that time the fleet
was mainly fishing very small redfish. After low catches in 1995 and in 1996 of only 900 t and 500 t, respectively
(Table 9. 1 1), the catches i in 1997 decreased further to only 200 t. The decline in 1995-1996 was due to a reduction. in
effort'and in 1997 there was no direct fishery of §. mentel[a in Sub-area XIV and all the’ catches were taken as bycatch 'in
the shrimp fishery. : :

92 Assessment .
9.2.1 Trends in CPUE and survey indices

CPUE for deep-sea S. mentella in Division Va'is based on tows taken below 500 m depth and where the total catches of
redfish is more than 10% of the total catch in-each tow. In the period from 1986-1989 CPUE was stable. From 1990 to
1996 CPUE has declined about 45 % (Figure 9.2.1), except in 1995 where CPUE! increased by 5% from 1994. The
decline in the period from 1990 corresponds to a reduction from a stable effort level of about 950 before 1990 to the
current level of below 500, i.e. a reduction of about 45%. -

It should be noted that these data reflect only a part of the stock, i.e. Division Va. During the period from 1986-1994,
the landings in Division Va increased from about 20,000 t to 57,000 1. During the last two years, the catches has
decreased due to quota restrictions. Although the CPUE from the Icelandic trawler ﬁshery increased in 1997 this
increase has not continued in 1998 (Figure 9.2.1) and is still at a very low level.

Regarding Division Vb the CPUE of .deep‘—‘sea S. mentella 'haveidecreased'm'recent 'years, but seems to have stabilised at
a very low level since 1995 (Figure 9.2.2).

Survey abundance and biomass indices from the German groundfish survey for deep sea S. mentella (>=17 cm) are
presented-in Tablés 9.2:1 ‘and 9.2.2, broken ‘down’ by ‘stratum af West and East Greenland and 1llustrated in’ Flgures
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9.2.3 and 9.2.4. An increasing trend was evident for both abundance and biomass indices. In' 1991;/1993 and 1995-96,
when the survey area was completely cove i§_Species was fmmd to be very abundant. Due to the successful

 fecruitment of 6he’ o two individual iyeaf: classes” astiyéar's { 1997} estimates revealedra continued .increase: by more
than 50 % to the record high values of the time series amounting to 6,900 million individuals:and 1.5 million t. The
recent stock was composed of recruiting juveniles only while mature deep sea S. mentella were almost absent. However,
the origin of the very abundant recruits and their recruitment to. the stock of deep sea S. mentella is uncertain.
Comparing the proporticns between West and East Greenland, deep sea redfish was almost exciusively disiributed off
East Greenland, West Greenland shares were negiigibie and varied without a cicar irend. The high confidence iniervais
indicated a low precision of these estimates.

juveniles [<L3 cm) coniribuied mgnmcam portions and have uOIrui‘at‘d the st‘ck structure since 198%. In 1921 and
1993, most of ihe deep sea S. mentella were smaller than 20 cm or varied between 25-27 cm. Comparing the 1995-97
length measuremcnts, the annual growth increments of the most dominant year class amsunted tc 3 and 2 cm. Further
growth indications for single cohorts between successive years were hardly derivable from the length distributions,

except 1990-91 with pronounced peaks at 21.5-23.5 cm and 25.5-26.5 cm, respectively.

Itis possible to compute effort as well as a TAC corresponding to different reductions in effort for deep sea S. mentella
by using a similar method as described zbhove for §. marinus, although for the deep-sea S, mentella, the survey index is

rep]aced by CPUE index. The time series of CPUE indices, catches m area Va and deducecl effort index are given in the
following text table.

Year CPUE 10% CatchVa Effort10%
85
8¢ 043 18898 20
g7 974 19293 20
g8 285 14200 HE
89 G974 40248 41
90 304 28429 35
91 770 47651 62
61t 43414 71
G 547 51221 g4
g 94 488 56720 ii6
95 514 48708 95
96 489 34741 71
97 562 37052 66
Average 9io 24232 Z7
[stip-LV)

The effort in the time when the stock was considered in stable condition i.e. from 1989—1990 was below 40,

The working group was of the opinion that the effort should be further reduced in order to let the stock increase from the
present low level. Using the CPUE data 1n the same way as the Iceland groundfish survey used for 5. marinus indicates
that a 25 % reduction would lead to catches of 28,000 t whereas a reduction in effort down to 40 would lead to catches
of 22,000 t in 1999,

Although the two types of Oceanic redfish in Irminger Sea in the present context are treated as one unit, it can not be
exciuded that there ma}f bea rela'[ionship beiween ihe demersal dcep—sea 5. mentella on ihe conlinental shelve
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93 'Biologipalreference p_oints, B e : e e

The ﬁshable stock seems to be ata very. low level and knowledge about recrultment is scare, Therefore, 1t is dxfﬁcult dc-
define any blologlcal reference points: for the:stock. : ‘ R T T
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-Table 9.1.1 .Deep-sea 5. mentella: Landings (in;tonnes:)'-byé-arca used by the"WO;king Group.

Near __ Va___ Vb VI __

I

XIV. + Total
1978 3,902 7,767 18 ) 5403 - 17,090
1979 ¢ 7694 & 7.869 . 819 S0 5,131 ¢ 21513
L1980 10,197 5119 1,109 0 10406 26,831
1981, . 19,689 4,607 1,008 0 19,391 | 44,695
1982 18,492 7,631 626 0 12,140 383889
1983 37,115~ 5,990 396 .0 15207 58,708
1984 24493 7,704 609 0 9,126 . 41,932
1985 24768 10,560 247 0 9,376 - . 44,951
198 18,898 15,176 242 0 12,138 46454
1987 19,293 11,395 478 0 6,407 : 37,573
1988 14,290 - 10,488 - 590 0. 6065 @ 31,433
1989 . 40248 10,928 424 0 2,284 - 53,884
1990 28,429 9330 . 348 0 6,097 - 44204 -
1991 - 47,651 12,897 = 273 0 7.057 67,878
1592 43414 12,533 - 134 0 7,022 63,102
1993 51,221 7,801 346 0 14828 74,195
1994 . 56,720 - 6,229 642 S0 19305 82,896
. 1995 48708 5196 607 0 908 . 55419
- 1996 - 34,741 5337 1,117 0 730 41,925
0 169 41,744

1997 37,074 4,500 1

1} Provisional data. : et

able 9.2.1 Deep sea 5. mientella (217 cm). Abundance indices (n*1000) for West, East Greenland

7~ and total by stratum as derived from the German groundfish-suivey, 1982-97.

~ Confidence intervals (CI) are given in per cent of the stratified mean at 95% level of
significance. () incorrect due to 1ncomplete sampling.

4.2 6.1 5.2 81 6.2 &l 7.2 WEST EAST TOTAL ‘CI

YEAR 11 12 21 22 4.1 3.2, 4.1
1982 O 380 .. A7 348 0 2360 o 5275 18370 5B82Z 3115 B7487 90582 65
'{ga3’ 40 1011 7O 2525 ~F-- 5236 G . 15820 - ] 42393 .. . 28373 ..B88s . B&sM 95475 . 42
1984 - 41 2967 0.7 1276 -0 1115 0 18 34633 76541 8406 (111192} (116598) 93
1988 0 389 A a7 85 328 4] 34904 16909 105 38669 a1487 810 172084 172804 47
1986 2141 414 @B 2@z 5 444 o 6932 27 76655 67172 3334 150786 154120  36.
1987 987 12879 42 56 [+] -0 18340 64 7ig2 62458 14764 B8044 102603 49
1988 150 &187 26 777 60 4619 -0 22025 ° 26158 .. 74 176639 25344 BBIB 252240 261058 56
989 0 186 5 1wz o - 8 847 - 3067 72048 - . 292281 305 296241 298546 60
1890 0 10 4: Jos - 50 . o 38t A29 12453 © 2RS4 13513 G046 4850 44695 49345 43
199 o] [} 0 0 ..-9" 852 o 1773 0 10707 46 724504 234748 - 2425 970005 972430 81
4882, 0. 3000 Tds .. .0 106 O o . L. uobss 155 (50064} {80220y 165
1993 0 . 24 .0 158 .. 7 o 0 62 3628 140 126B376 121927 190 1384033 1384223 7 8
.1994-7 0 =1 20 Tesc @A ez 0 36 77891 678 (7F7B91) (7BS69) 168
1995 ¢ Co0 i - cxog3 234 96 1468 265 24483 1171 2304064 83314 1827 2503270 2505106 55
19968 1587 619 o0 2% 0 1821 28 7135 396 176448 1215 42461017 75011 11457 4499171 4510838 64
1997 250 1758 0381 a7 3904 144 30742 165 22270 £257003 628353 36518 GGQ7SHP 6944300 62

Table 9.2.2 Deep sea S mentella (>17 cm). Blomass mdlccs {tons) for West, East Greenland and
' total by stratum as derived from the German groundfish survey, 1982-97. Confidence
intervals (CI) are given in per cent of the stratified mean at 95% level of 51gn1ﬁcance

() incorrect due to incomplete samplm g

42 5.1 5.2 6.1 6.2 .l 7.2 WEST EAST TOTAL ;Cl

YEAR 141 12 23 28 81 32 a1

1982 0 e § . 114 0 B3 0 5178 4843 "BZ795 11080 a28i6 33925 &8
1983 16 2137 Y28 18R 0 2857 0. 8701 e . 21047 12747 4270 : 42405 ... 46765 47
1984 g8 78 £ 490 0 472 ) 2 12786 asfoz ~ 1770 {47990) (d97em) o7
1985 0 9 15 11 27 110 0 2950 7169 40 17011 38533 250 65713 65072 {35
4886 288 3% 20 0 3 i3 ¢  as4s 15 oserr 21333 574 64568 65142 36
1997 84 1184 g 31 - 0 0 4891 17 2328 23264 1308 30500 31803 46
1988° 20 425 - 21 158 - 45 1878 O - 3542 10186 - 9 . 55838 - 11607 2548 .B11B2  837i0.. 58
1989 . o0 @23 -7 15 0 A %0 655 ¢ 21s1 45452 . A6 G734B 67394 63
1990 a 5§ ‘2. a7 7 -0 542 g2 2r4t 329 39a1 3275 643 8368 9019 a4
1991 0 ¢ 0 0 0 153 0 45 0 2059 30 211468 60454 508 283911 284508 8D
1992 0 a 0 2 0 28 0 0 19856 a3 {19856} (19B8Y) 160
1993 0 5 0 23 2 o 0 34 493 19 194675 34102 30D 220323 220353 G1
1994 Y 2 10 12 25 0 3 7122 84 (7122} {7208) 128
1935 . . .- _ 5 25 4G 165 25 2858 207, 555348 16505 189 S75546 475745 52
199" ' 5 88 T -0 19 0 23§ 4. BB9: 13 24445 124 -Baymezi - ".14803 1007 BTBI07 B7TRIA . 59
13997 20 141 0 a8 2 320 18 2973 20 3445 1323965 162744; 35712 1490774 1493686 59
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‘Heet 1989-1997.

1. 5. Mentella. Length distribuion from icelandic landings and from samples taken at sca from the trawler
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10.1 Fishery on oceanic §. mentella
1911 Historical development of the fichery
P\Ussiaﬁ trawlaers starfed ﬁgh“}g aeaamic 8. mantalla m 1982 Vesselu from _u]cmna the formear (}DR and Poland 'I()l'l'lﬂd.

those from Russia in 1984. Total catches increased from 60,600 ¢t in 1982 to 105,000 t. in 1986. Since 1987, the total
landings decreased to a minimum in 1991 of 25,000 t. The main reason for this decrease was a reduction in fishing effort,
especially by the Russian fleet. Since 1989, the number of countries, participating in the oceanic S. mentella fishery
Qraduallv 1ncreased As aconsequence, total catches have also 1ncreased and reached thc hJstoncalIy hlghest level in: 1996 at

thelr catches yet

In the period 1982—1992, the fishery was carried out mainly from April to August. In 19931994, the fishing season. was
prolonged considerably, and in 1995 the fishery was conducted from March to December. In 1997 the main fishing season
. occurred. during the second quarter. Few trawlers,of Russia, Iceland and Spain conducted their fishery during the whole
. year. The fleets partzc:lpatmg in this fishery have cormnued to develop their fishing lcchnology, and ost trawlers now use
- large pelaglc trawls ("Gloria"- type) with vertical openings of 80150 ‘meters. The vessels have operated in 1997 ata depth
range of 180 to 950 m, but mainly deeper than 600 m. Icelandic trawlers fished mamly on depth 600-800 m during the
Jperiod 1995-1997 (Table 10.1.3 Figure 10.1.1).
}10.1.2-- - nes'cription. of th]e}i@ﬁ'ous ﬂéets:. in 1997, ,
; s
Trawlers from.at le.ast 19 counmes pamc:lpated n the ﬁshery in 1997. Must of them were: freezer-factory trawlcrs Up to 90
different trawlers fished in. Sub-areas XII and XIVY during the season w1th the vessels varying in length, horsepower, gears,
type of fish processing etc. ‘ y ‘

.+The following text.table summarises some fleets fishing in the rminger Sea in 1997:

Russia 40 factory trawlers of eight types , ranged from 2000 to 4500 hp

Iceland 25 factory trawlers and 2 freshfish trawlers
Norway 3 factory trawlers
Spain 4 freezing trawlers
Germany 9 factory trawlers and 1 freshfish trawler
Faroes 1 factory trawler and 6 freshiish wawiers

bowt the other fleets is nét available

10.1.3 Trends in landings and fisheries on oceanic S. mentélla
. Catch data for 1995 are csumdu:u ai, 1’:'3 L0001 (Table 10.1.1-10.1.2) and for 1996 at 176,000 , the highest recorded in this
fishery. A preliminary estimaie of a total caichies in 1997 is 120,000 t but may reach 140,000 t due to the lack of reportings
from Bulgaria, Latvia, Lithuania and Ukraine
Iceland presented the discard rate of 10 % (see section 7.6.2 and Table 7.6.2), Norway used the discard rate of 3 %.
™ _ ‘W’fﬂghi LY ooy P I o n I N - e B A —— . o ae b

(1]

g £ . R ——
Japanese cut” fish and fille und WCIEIL iTldy Caust CiTor

s —
i i
differ between counti Tha e Fartare nead oy Taaland N

o 4 for converiine the
ne raciors used 10T conver lng uic
yiv iffer between countries. The conversion Tactors used O¥ iC8ianG, NoIway

is into in th
P ~ - o

sia tistics if these factors are incorrect and/o
and Russia were presented at the meeting. A report from a co-finiahced EU-project on-the currently used conversion
factors (for many species and product categories) is also available on the Internet (hup:/fwww.ifremer.fr/cofrepeche).

H

- ‘The Working Group reiterates its:recommendation that each country should investigate.and conduct scientific
“worle te find. the hect-factars for a particular product and fichery;: and that the results are punblished/documented

and: made available for the assessment work The text table below: show the conversionifactors-used for the most
~common products by some of the countries participating in the Oceanic 5. mentella fishery:



Japanese cut “Fillet . Fillet with skin . Fillet .W'ithout skin: ...

France 3.37 3.37 3.37

Germany 2.84 o L3008
Iceland 1.818 3.333 3.571 ' 3.636°
Norway 1.650 3.00-4.77' o

Russia 1.984 2577 0 2.825 5
UK 2.7 27 2.7

! Factor 3.00 used in iog books whlle factor 4 77 used on landmgs '
 With bone : '

anded respectively. In 1996—199
Table 10.1. 1) ' .

=]
=)
s b
-
. A
"-‘\FF

In Table 10.1.4 the CPUE series for Bulgarian, German, Icelandic, Norwegian, Russian, and Spanish fleets are givefi. Table
10.1.5. shows catches, effort and CPUE by depth for the Icelandic fleet during the period 1989—1996. As can be seen from
the table more than 90 % of the Icelandic catches were taken below 500 m_ Tn F'u:rure 10.1.2. the develnnment of OPITF in
three depth intervals is illustrated graphically. Figure 10.1.3 shows the CPUE from different ﬂeets in recent vears.
“Gréenland’ presented a catch rate index for 19931997 of the” ﬁsherv within‘ the Gieenland EEZ based: ofi! 1ogEbooks data
from- selected 'vessels reporting to Greenland authorities (WD 14). After’ a possible learning permd 1n the ﬁshery ‘the

estimated indices show a rather stable situation since 1994, T

Length distributions of oceanic S, mentelld from Getiman, Iéelandic, Russian and Spanish comimercial ‘catches ‘were
reported for 1997 and are given in Figure 10.1.4.

10.2 Assessment

10.2.1 Acoustic assessment _

The trawl-acoustic survey on oceanic S, mentella in the 'Ifmiheer' Sea and adi'a'ce'rit":ii"aters was carried out by Russia in
June-July 1997 (WD 22). Approximately 159,000 sq. nm were covered in the traditional, area of, oceanic redﬁsh
distribution on depth between 0-500 m. The acoustic. assessment yielded a stock size of about 1.24 million t or 2.4
billion individuals, i.e. 400 000t less than previous acoustic estimates (see text table below).

 Year . Acoustic estimate . Area surveyed,
_ o dowi to 500 m "] thousand 5q. nauncat '
" (théusand tonnes) " riles
1991 2235 105
1992 2165 190
I LT QY e L 8FET e T e g BN R
‘ 1994 2190 180
A998 oy o 2480 0 0 ST
1996 - 1600w 5286 o L s
199 CL2400 .t e L1G  td

It:should be noted ‘that the ‘area covered-in- 1997 survey: was :smaller than:the previous year and made with only, one
vessel. : The -aconstic’ estimate. - which: is considered 4o be.an absolute- measure of the fishable stack’  covers nnlv -the

-pelagic redfish:shallower:than 500 metres; More and mote of the caiches, however, are: taken deener than:500:metres.:

[50]
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FEY
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°10.22 '+ Tehthyoplankton assessment: -

The traditional ichthyoplanktonic survey, cdfiﬂﬁdé& by Russia ir'f"’lﬂ‘58241995 was not carried out in 1997. The historical

series of icthyoplanktonic surveys is presented in Table 10.2.1.

Data available to the Working Group for evaluating the stock status of oceanic Sebastes mentella were the acoustic
estimates of the fishable biomass shallower than approxlmately 500 meters and CPUE from the commercial trawl
fishery. :

Both survey esnmates and CPUE of four ﬂeets have decreased ina sumlar manner during the last 3 years. The Working
Group considers the period up to 1993-1994 as a learning period including gear technology development. However,
since 1994, the overall CPUE has decreased by approx 45 Y. Durmg 1995-97, the survey estlmates decreased by 50 %
from 2.5 rmlhon tto 1 2 rmlhon t

There have been observed changes in the environmental conditions in the Irminger Sea during the last years (WD22),
which could affect the behaviour of the redfish in'the area; At 200-500 m depth, the sea water temperature has increased
by around 2° C since 1994. This increase durmg the last years have also been observed by the Icelandic fleet where
information from log-books show increase .in temperature at 600-800 m depth by a similar magnitude as in the
uppermost 500 meters The observed vertical changes in the hydrographical environment may have caused a change in
the behaviour of oceamc redﬁsh and in the depth distribution of the scattenng layer.

Some uncertainties arise regarding the indices used in the assessment (both in the CPUE and survey estimate) in relation
to the environmental-.changes:and:the 1997 survey des1gn

10.3 Man_agement consideraﬁons

For the oceanic redfish there have been some discussion in the past about MBAL (previous NWWG reports), and it has
been measured as 50% of the virgin biomass of around 3 million t. In the 1994 acoustic survey, the blomass was

T T

estimated to be around 2.2 miiiion t in the uppermost 500 m but in most recent years the survey resuits and CPUE series
U . SO -

have indicated lower stock size. Based on these information one IIl.lgIll conclude that we are perhaps reaciing s
MBAL level of around. 1.5 million t due to an unsustainable catch level.

It is, however, not clear so far, o which degree the environmental changes have contributed to the sudden decrease in
the stock indices.

E i} [} | - ,. P
i6.4 Speciai comments

It should be underlined that_since no reliable information is available on the recruitment processes for this stock, it will
at present be impossible to detect a reduction in the recruitment before the fish enter the fishable part of the stock at an

P = ecs 10 PE oo S Favriew w1 e H i
age oOf at least 10—15 years. The stock could therefore suffer from recruitiment failurc in ycars before it is possible o
€

In order to gain important knowledge on the location of the nursery areas for the Oceanic redfish stock and of
the recruitment to the Irminger Sea, a joint international synoptic trawl survey for 0-group and/or juvenile
redfish covering the entire distribution area would be necessary.

A differant annraach tn thic weuld be to follow the axtrndad larvas frem the mnwnlna grounds in the I!‘I‘_n_i!!g_,!'

LR LEERANE LREW B A LAEAR-AE RAF RALED AFSe BUS LAWEESS P BAAL WUBMA LABEWRE REAL T Rmw LA @S W ammatra mSa eSS
Sea on their way to the nursery gronnds by conducting e.g., monthly surveys covering the larvae/l)-group as they
drift/swim.

Due to the low acoustic estimate from the 1997 survey and signs of a decrease in the commercial CPUEs, the
Working Group suggests the need for an international acoustic survey within the next year.
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Table 10.1.1 Oceanic S. mentella. Landings (in tonnes) by area as used by the Working Group. Due to incomplete area S
reportings, the of exact shere in Divisions XII and XIV is just approximate in latest years. '

~ Year Va Vb VI XII  XIV., - Total

1978 0 0 0. 0 0 0

1979 00 e 00 0 0. 0

1980° Q0 0 . 0 0 Lo

1981 0 0 0 0 0 0

1982 0 0 0 39,783 20,798 50,581

1583 ol 00 0eTs 15560234

1984 S0 0 . 0 60,643 4,189 64,832

1985 0 0 0 17,300 54,371 71,671

1986 0 0 0 24,131 80,976 105,107

1987, 0. 0 -0 . 2948 - 88221 . 91,169 .. oo
1988 Y R 1 5 9.772 S 81647 91,4190 i
1989 o 0 0 16,666 21551 38217

1990 o0 0 0 7,089 24,477 31,516

1991 .0 0. 0. 10061 17,088 27,149

1992 1,968 0 1] 23,249 40,745 65,962

1993 2,603 . 0. .. 0 71512 . 39639 . 113754 .. .o
1994 15,472 0 010 93,741 39,028 - 148,241 v
1995 1,543 0 0 128982 42,172 172,698

1996 ' 4,610 0 0 . 38828 - 133,163 - 176,601

o 1997° 15,253 0 0 16,354 87,706 119,313
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Table 10.1.2 Oceanic S. mentella.catches (in tonnes) by countries used by the Working Group.

Year Bulgaria Canada Estonia  Faroes lirance FRG® Greenland Iceland Japan  Latvia Lithuania Netherlands Norway Poland Portugal Russia T Spain  Ukraine UK Total
1981 0 0 0 0 0 0 0 0 ) 0 ' 0

1982 0 0 0 0 0 0 0 0 581 60,000 60,581
1983 0 0 0 0 155 0 0 0 .0 0,079 - - 60,234
1984 2,961 0 o o 9 o0 0 0l a9 e L 64,832
1985 5,825 0 0 015438 0 0 # 0 135 60,273 CTEET
1986 11,385 0 50 8514 0 0 0. 19 . - 8499 105,107
1987 12,270 0 38 0 . 7023 0 0 0 5 © 71469 " 91,169
1988 8,455 0 1050 0 16348 0 0 o 0 0 65026 : 91419
1939 4,546 0 26 0 6797 0 3,816 o _ 0 112 22720 ' 38217
1990 2,600 0 0 0 7957 0O 4537 . 7085 0 Coe247 ' 315516
1991 0 2195 115 D s 0 8,783 S S 6198 0 9,289 27,150
1992 &8 1,810 3765 2 6447 9 15,478 780 6,656 .- ! 14654 0 15,733 : :
1993 3,216 6365 721 0 17498 8§ 22,908 6,803 7,899 *. - - 1490 0 . . . 24165 2,782
1994 3,600 17875 2896 606 - 17,152 0 5§3332 13,205 7404 .. . 6909 0 187 17814 SS61 . 148241
1995 3800 602 Y 16854 5239 226 - 18985 156 .- 34631 1,148 5003 22893 I3 8,101 .0 ~ 5125 42182 4555 3,185 . . 172,698
1996 13500 650 7,002 6271 0 21,245 0 62,903 415 1,084 10649 0° 6658 0 - 2379 45748 7229 518 260 176,601
1997 'o 111 1985 3420 0 20,447 0 41272 31 o 0 . 0 3179 776 3644 36930 7500 0 0 119295

1) Provisional data.

2) USSR 1981-1991; Russia since 1992.
3) Includes former GDR,

4) Taken in NAF() area IF,
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Table 10.1.3. Oceanic 5. mentella landings {in tonnes) in 1997 by countries and depth (A), and in 1996- 1997 by depth -
(B). (Working Group figures and/or as reported to NEAFC). o

A. Total not splited  shallower than  deeper than .

600 m 600 m S :
Canada 111 RN ‘
HEstonia 1,083 1,085
Faroes 3,420 3,420
Germany 20,447 14,202 6,245
Iceland 41,272 : 7,397 33,875
Japan 31 .31 :
Norway 3,179 o 732 2,447 i
Poland 776 776
Portugal 3,644 23,644
Russia 36,930 36930 . ; Co
Spain 7,500 ' 1,814 5,686 -
119,295 c. 43 477- ' 24,145 51,673
B. Total not sphtted shallower than deeper than
600 m 600m
1996 176,655 7 6,554 . 24,618 75,483

1997 119,295 43477 - 24,145 51,673

1w T

ceanic 3. memeua Caich per unii effori in Sub-areas X11 and X1V,

=]
]
=
—
]
=
[—]
[
FS
e

ICdal -
Bulgaria Germany” Iceland Norway USSR-Russia (BMRT) Spain
1982 - - - 1.99 -
1983 - - - : -~ 1.60 -
1984 1.25 : - S 1.48 -
1985 . 1.85 - - oA 168 -
1986 2.04 - - - 1.35 -
1987 122 079 - L F 1.10 -
1988 082 1.8 - 1.00 ‘ -
1989 - 0.70 .22 - .- ... 100 -
1990 - 0.89 102 109 099 -
1991 - - 1.51 142 - 080 - - -
1992 - - 1.66 1.79 0.63 . SR
1993 - - 328 2.2 0.63 - S
1994 - - 264 © 283 i70 - . - v
1995 - 2.06 2020 205 - | 10O -
1996 - 1.45 176 120 0 130 - -
1997 - 1.31 1.07 072 . 0.83
1 Preliminary !
2 1987-19 9JreportedasGDR(FVSIV) .
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“Table 10.1.5. CPUE, trawling time and catch of. “oceanic” redfish.by depth intervals since:1989 :as reported i log-
books from the Icelandic fleet. R

CPUE , , _ L :
Depth .. 8% 90 91 92 93 - 94 Y5 96 - 97
100-199 075 089 130 . 1.07 13t . 0.08 1.53
200-299 : - T .1.83 L1700 1320 146 : 1897 142 231 1.63
300-399- -+ 1:69 0.96 1.91 2,50 5.61 321 . 240 0.96 1.56
400-499 .- 2133 0.53 2.38 1.69 4.03 3.41 2.58 1.08 0.86
500-599 =+ ~0.95 1.18 270 - - 290 2.06 1.32 0.99
600-699 1 . 1.90 - 269 - 2.53 2.10 146 1.15
700-799 ... 3.14 175 2.21 2.16 2.01 1.08
800-899 - - 3.49 2.00 2:53 0.92
900+ = 1.93 1.02
Sum of Hours _
Depth g0 00 a1 02 93 LY BT 96 97
100-199 300 g44 1564 847 o -9 16 61
200-299 152 352 1009 1447 315 2019 925 224
300-399 .99 333 o 738 1208 428 269 656 78 1049
400-499 5 13 371 228 480 291 347 392 814
508-599 97 765 1110 2865 1422 2669 2261
600-699 am 1107 5087 4253 7289 10721
T66-755 36 41 829 2993 10746 9553
800-899 76 25 807 485
900+ 46 318
Sum of Catch{tonnes)
Depih 89 95 o1 92 93 24 [ 95 97
109-199 2260 8392 20347 508.0 12.0 1.2 94,0
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300-399 1675 3185 14082  3016.1 2401.5 863.0 15719 74.8 1635.1
400-499 6.0 7.1 882.0 385.0 1934.5 990.0 895.0 4233 698.2
500-599 925 503.3 2998.1 83105  2955.1 3521.5 2246.1
600-699 765.0  2975.0 128357  89i53  10678.1 12360.5
700-799 113.0 71.0 1836.0 64615 215600  10270.3
800-899 267.0 50.0 2038.3 4462
900+ 88.0 325.5
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Table-10.2.1. Oceanic- S. mentella-biomass from the. the Russian 1chthyoplankton surveys in 1982-

1995. N S.- No survey dilon
Square surveyed Redfish abundance _ Redfish biomass
{thou. sq. miles) - (mill: spec.) . fthon.t) ... . .
. Teeland  Intern. . . Total Iceland .. Intern. . Total Iceland Intern  Total ="
EZ7  waters- EZZ waters EZZ walers SRR
“1982 e 88" 88 - b ee2 662 o- 4213 421301
‘1983 148 - 148 - 1944 1944 - o - CF1198 0 1198w
1984 9 96 - 11423 1423 - - 957 9577
1985 S 100 100 - - 1169 1169 - 687 687 i
1986 42 98 140 © 9602 1136 10738 1011.9 680.3 16922 . il 5
1987 - 114 . 114 - 1032 1032 - 646.1 6461 i
~T98R 178 - a9 277 723 1212 1936 396.4 636.2 1031.6%- -4
1989 90 100 190 393 998 1391 2633 6076 8709 .. :
1990 39 81 120 420 80 1310 2807 6773 863
1991 - 115 115 - 1390 1390 - 801.6 80L6:, ., -
992 NS -_ AR N
L1 Jc R L T ) - 4460 . 4460 7 T - 731194 .Q'73.119_‘.4" T
1994 - NS - : o
1995 . - 136 136 - - 3640 3640 . 2948.7 . 29487
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Figure 10.1.1. Depth distribution of trawl hauls of the icelandic {leet in the irminger sea since 1989 from trawler log-
books. Indicated depth as depth of the headline of the trawl.
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Figure 10.1.2. Catch per unit cffort in the oceanic s.mentella from the icelandic flect for different
depth intervals. :
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Figure 10.1.3 Trends in CPUE of oceanic S. meniélla inthe Irminger Sea and estimated acoustic hiomass.
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Figure 10.1.4. Length distributions from landings of oceanic s.mentella in 1995-1997
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