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1.

Report of the Working Group on Greenland Halibut in Region 1

Participants
J Mgller Jensen Denmark
M Liwoch Poland
C J Rervik Norway
A Sigurdsson Iceland
E Smidt Denmark
G Speiser Germany (Federal Republic of)
B Vaske (Chairman) German Democratic Republic

ICES Statistician, Dr V M Nikolaev, also attended the meeting.

Messrs., Liwoch and Speiser could only attend a part of the meeting
ag the Working Group partly overlapped with the meeting of the
Working Group on Herring,

No representative was present from U.S.S5.R., but the Convenor had got
extensive data about the U.5.8.R. trawl fishery in Sub-areas I and II
in the period 1965-76 from Dr V Ponomarenko.

Terms of Reference

The meeting was convened in accordance with the resolution (C.Res.1976/2:11)
adopted by the Council at the 1976 Statutory Meeting:

"Tt was decided, that:

a Working Group to be referred to as !'The Working Group on
Greenland Halibut in Region 1! should meet at Charlottenlund
from 7-11 March 1977 to assess TACs for Greenland halibut.
The Group should be convened by Mr B Vasgke".

In addition to that, following the decision of the November 1976 Mid-Term
Meeting of NEAFC, +the Chairman of ICHES Liaison Committee requested the
Working Group to prepare a review of general biology, exploitation and
relation of the following stocks to the 200-mile zones under national
fisheriesgs Jjurisdiction:

Species Fighing Areg
Greenland halibut SAT and II, SAV, SAXIV
Halibut, Witch SAV, SAXIV |
Plaice, Common dab, )

Long rough dab, Megrim, ) SAV

Lemon sole

The Stocks of Greenland Halibut in Region 1

Regarding the data available on the biology of Greenland halibut in
Sub-areas I and II, there seems to be only one stock in these two areas.
Therefore, the Working Group decided to combine the data from them.

The data from Sub-area V and Sub-area XIV were combined, as it has been
assumed that there is only one stock of Greenland halibut in the two
areas. This assumption is based on a strong probability that the spawning
grounds are the same for both areas.
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Greenland Halibut in Sub—-areas I and II

Nominal Qatches

The total nominal catches for the main fishing areas are given in
Table 1 for the period 1966-76. Tables 2, 3, and 4 present the
nominal catches by country for each fishing area.

For assessment purposes, the catches in Sub-areas I and II are
summarised in Table 5.

In the period under consideration the total catch of Greenland halibut
in Sub-areas I and II increased from a minimum catch of 24 267 tons in
1967 to a maximum catch of 89 484 tons in 1970. Since 1970 the catches
have decreased to a level of 29 938 tons in 1973, In 1974 the total
nominal catch has increéased slightly to 37 763 tons. Since then, the
total catches have been relatively constant. The provisional catch

in 1976 is 33 775 tons.

Table 5 also shows the total catches taken in the Norwegian long-line
fishery in Sub-areas I and II. These catches have declined since 1968
for reasons described in the Appendix.

Catch per unit effo;tuand gffort'daﬁﬁ

Catch figures per hour trawling were available from the U.S.5.R. fishery
for the period 1965 to 1976 (Table 10). Figure 1 shows the trends in

the catch per unit effort for this period together with the catches from
1950 to 1976. Using the catches and the catch per unit effort, the effort
in the U.3.3.R. trawl fishery and the effort on the total trawl fishery
was estimated (Table 10).

Virtual Population Analysis

Age composition of landings

Age compositions of national landings in the trawl fishery were available
as number landed in each age group for the U.S.S.R. for the period 1965-76,
and the German Democratic Republic for the year 1971 and the period 1972-76.
To obtain the age composition for the total trawl fishery in each year,
these available age compositions were raised to the total trawl landings.

For Norwegian long-line fishery, age compogitions were presented for the
period 1970-74. TFor the years 1975 and 1976 the same age composition as
for 1974 was assumed, because the Norwegian long-line landings were small
compared with the total landings in these years.

For the period 1966-69 from 34% to 86% of the total annual catches were
taken in the Norwegian long-line fishery. Because of this and a different
age composition in trawl catches and long-line catches (see Figure 2), the
Working Group considered it not proper to apply the U.S.S5.R. age compo-
gitions to the total catch for these years.

The age compositions of the total landings were, therefore, prepared for
only the years 1970-76 (Table 11).

Time did not allow the Group 1o do a VPA for males and females separately.

Natural mortality

A trial was made to estimate the natural mortality by plotting Z versus
the total trawl effort. Z was estimated from the catch per unit effort
ratio of the fully recruited year classes and successive years in the
U.8.8.Re trawl fishery. The trawling effort corresponding to the Z value
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between two successive years was estimated as the average total
trawling effort for the same two years. Thisg analysis was done for
both sexes combined and for males only for the years 1970 to 1976
during which trawl catches dominated (Table 5). However, the

results were regarded as inconclusive as the intercepts which,
according to theory, should be an estimate of M, were negative. Further
refinements of this analysis were not carried out becausei of the.:
limited time available.

We would expect M to be low for a species with a longevity like
Greenland halibut, especially for the fema&es_(Figure 3)°

For this year's analysis, the Working Group chose an M value of
0,15 for the combined sexes. However, the value of M should be a
matter for further investigation,

4.3.3 Estimation of the input fishing mortalities in the VPA

In a preliminary run of the VPA we set Fl equal to 0,50 for 1970
and 1971, and equal to 0.30 for the years 1972 to 1976. The initial
guess of the F values for 1976 was 0.01, 0.02, 0,02, 0.06, 0,25 and
age groups 3 to 7, and 0,30 for 8 years and older.

From the results of this preliminary run the unweighted mean F values
for age group 8 to 13 (F8—12) were calculated for the years 1970 to
1974, A linear regression between the total itrawl effort (in 1000
hours) and Fg_1%z for these years is shown in Figure 4. A functional
regression woulg not change this line very much because of the High
correlation.

This linear regression predicted that a better Fg_ for 1976 would
be 0.26 on the hours of the total trawl effort exerfed that year.

We chogse F = 0.25 for age groups 8-16 and decreased the P value for
age group 6 proportionally from 0.06 to 0.05 and for age group 7 from
0.25 to 0.,21. All the other F input values were left unchanged. The
regults of this final VPA run are shown in Tables 12 and"1l3%,

4.4 The state of the stock

On the basgis of the VPA the biomass of the recruited stock, that is
4 years and older fish, and the spawning stock, that is 9 years and
older, was estimated using the mean weights given in Table 14. The
results are shown in Table 15,

There is a strong correlation (r = 0.98) between the U.S.S.R. catch
per unit effort and the recruited stock estimates for the years
1970~-74 as shown in Figure 5.

Assuming that the same close relation also holds for the years 1965 to
1969, which is outside the range in which the relations were established,
the recruited stocks for these years have been estimated by extra-
polation (Table 15).

The estimated decrease on the stock size from 1965 to 1970 is

(446 - 311) x 103 tons = 135 000, while the total catches in the

same period was about 155 000 tons, i.e. only 20 000 tons difference.
If 1971 instead of 1970 is used in the comparison, the difference is
increased to 110 000 tons.

This difference between the catches and the estimated decrease in the
stock gize is an estimate of the surplus production of the stock

in this period. The average surplus production per year then becomes
110 000/6 or nearly 20 000 tons. For comparison, the average catch
was nearly 37 000 tons in the period 1972 to 1976 when the stock
seems to have been fairly stable as judged from the VPA (Table 15)
and the catch per unit effort (Table 10).



-4 -

Figure 1 shows the total catches from 1950 onwards. Although this
ig more sgpeculative, it seems likely from this figure that the low
catches in the 19508 and the somewhat larger catches in 1959 to

1964 ‘reduced the stock, but not very much below its maximum level.
The 1965 stock is estimated to have been nearly 450 000 tons; may
be the maximum stock as it was in the 19508 was around 500 000 +tons.
If this is the case, the present stock is roughly half the maximum
size, Thus, it seems not unreasonable that together with the reduction
in the stock size the surplus production increased from 20 000 tons
on the average in the years 1965 to 1971 to nearly 40 000 tons in
the period 1972 to 1976 as indicated above.

The yield per recruit curve with the present exploitation pattern
(Figure 6) described in Section 4.5 indicates that the present
exploitation rate which is around 0.25 on the fully recruited age
groups (Table 12)is close to the one giving maximum yield per recruit.
This, as well as the above consideration, indicate that the stock
might be near the optimum level under the present exploitation pattern.

Calculation of total allowable catch (TAC)

Catch predictions have been made for the period 1977-78. 1In addition,
the stock size at the beginning of 1979 was calculated., The stock
size in 1977 was calculated from the stock size in 1976, as estimated
from the VPA and corresponding fishing mortality rates.

A yield per recruit curve (Figure 6) was calculated for the present

exploitation pattern, and the average weights per age group as shown

in Table 14, For Greenland halibut in Sub-areas I and II the present
level of fishing mortality on the fully exploited age groups is about
F = 0,25, This fishing mortality corresponds with the F on the fully
recruited age groups which giveg maximum yield per recruit (Figure 6)0
In accordance with this, the fishing mortality values for catch pre-

dictions have been assumed on the same level as for 1976.

The year class strength for the three year old recruits in 1976-78
was set equal to 68x106 figh, which is the average for the years
1970-74 as estimated from the VPA.

Mean weights per age group used in catch prediction were derived from
the average mean weights per age in the U.S.3.R. fishery in the period
1970-76. These weights were reduced by 5% to give relatively correct
catch figures for the period 1970-76 (e,go the sum of the mean weights
x estimated number per age group corresponds with the observed catch
figures).

The natural mortality in catch predictions was set equal to 0.15 as
assumed in the VPA, The results of these calculations are summarised
in the text table below:

1976 | 1977 1978 1979

Catch (tons) 33 775 38 385 | 39 475
FPishing mortality on

fully exploited age 0.25 0.25 0.25

groups

Total stock biomass (4+) 248 260 264 066

(thousand tons)

Spawning stock biomass
(9+) (thousand tons) 99 107 110 127

In the above strategy the total gtock biomass and spawning stock
biomass increase slightly. In the prognoses years the stock biomass
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will be at nearly the same level which the Working Group felt is
close to +the optimum level.,
Therefore, the Working Group recommends that the TAC for Greenland Halibut
forl978 in Sub-areas I and II should be set at 40 000 tons.

Greenland Halibut in Sub-areasg V and XIV

Nominal catches

The total nominal catches for Divisgions Va and Vb and Sub-area XIV

are given in Table 1 for the period 1966 to 1976. Tables 6, 7 and 8
present the nominal catches by each area and by country. Table 9

giveg the combined catches from all three areas by year and by country.

Catch per unit effort data

Only few c.p.u.e. data were available from the Icelandic long-line
fishery for the years 1969 to 1972. The.catch per unit effort, given
in tons per 1 000 hooks were as follows:

1969 <721 tons

1970 470 tons
1971 572 tons
1972 «390 tons

These figures may indicate a declining stock during the years 1969
to 1972,

Age and length distributions available

From the Icelandic long-line fishery the catch in number per age group
was available for the following years: 1972, 1973, 1974 and 1976,
geparated for each sex. Furthermore, some effort data . for the years
1969-72 were available.

From the trawler fishery, only few data, from the German Democratic
Republic,were available, i.e. length composition with an age/length
key .for 1971, and a length composition for 1975, Thege samples
originated from the area where the major part of the trawl fishery
took place, i.e. north and west of Iceland., -

A third length composition for 1974 was also available. Unfortunately
the length composition originated from the fishing grounds east of

Iceland and here the immature fish are dominating in the catches, whereas
on the fishing grounds north and west of Iceland, the mature fish dominate
in the catches. It was, therefore, not possible to use the Bast Icelandic
sample to split the trawl catches which mostly are taken west of Iceland.

A combination of the Icelandic samples from the long-line fishery and
the samples from the trawl fishery is not possible, due to the fact that
these two types of fishery, even if they are carried out in the same
area, have a completely different size composition.

Furthermore, no catch figures from the United Kingdom and the U,S.S.R.
were available for the year 1976, and the Group found it impossible

to set the catch figures for 1976, because the pattern of the fishery
has changed very much.

Conclusions

The Working Group concluded that better data on the age composition
must be available of the annual trawl catches from this stock before
a VPA can be done., From the Group's experience with the analysis of
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the Greenland halibut stock in Sub-areas I and II, it was felt that
catch per unit effort data from the trawl fishery would also be

very useful to have, if possible.

The Group found it impossible to estimate a TAC on the basis of

the available data,

Reference

RICKER, W E, 1975. Computation and interpretation of biological
gtatistics of fish populations. Bull.Fish.Res.Bd. Can.(191).



9TQBTITIBAE UOTLBWIOFUT OU

(2
mo.m..._.m.,nu.»mn_.m ._”.m.ﬂo._.nuum.ﬂ HO.H.HA._”
hﬂquaHHmHmAm

Tve 2 G6v 9| TSz G[L99g & 67G 8¢ty GITTO 7| ¢6¢ 81 887 2| 86T 2| 002 T TB30%

82¢ | VLL ¢ | 62¢ zloot T| 99¢ ¥|Thy ¢ locc 2 | ¥¢T 2 QE Q% (1166 gogogen

(2~ 066 el 1666 676 - - - = - = (soTem ® °TSuE) °J°0

m - T - LTT L - Y1¢ ¢ = - = pueTog

¢OL T 09T 2| LoT 2|l¥6 2| 9TT ¢|TG6 T|4Ll9 T 689 gey T| 2T¢ T| 602 LenxoN

T 9 2z ¢z - - - - - ¢1 - .Qmmm@@mm ¢ fuvwren

- - - - ¢ T2 - cdoygewa(q UBWISY

- m: - - AHM AHWH (T mﬁmmm AHnN (12 (1. SPUBTST 0T8T

Am@wmﬁ GL6T | VL6T [CL6T |2L6T [|TL6T | OL6T | 696T | 896T |L96T {9961 £aqunop
I Boxe-qng UT (SUO3 OTI}OW) TO3BO TBUTWON

JNqTTBH PUBTUSSID) ¢ 9T4BL
hﬁdgﬂaﬂﬁmﬂmﬁm
28t 9¢ V61 ége 666 2 102 2 209 82 Ve 2 Ammwmﬁ
L99 T9 L29 6T 096 80¢ ¢ 99T ¢ TIS 8¢ G679 GL6T
¢vo t. 680 8¢ ¢z¢ 998 L 2é8 L 099 ¥z 162 & VL6T
T0¥ 06 6TL 2T 8¢¢ 98¢ L 06T 8 180 9T L99 ¢ ¢L6T
L2G 69 68¢ GT LTIV 999 0T ¢¢9 ¢T ¢le 8T 67¢ 8 ZL6T
L00 80T ¢16 ¢T T 670 GT LG8 0T 9L 29 ¢TIV & TL6T
Lo¢ ¢z2T 228 ¢ - T00 0¢ 066 VT ¢2a 0l 110 ¥ 0L6T
OTT 89 08z 906 GCT ¢2 98¢ 0T 0TO G2 ¢6¢ 8 696T
G0G ¢ 68T L9 106 L SvlL ¥T G¢6 8 88tV 2 896T
98 ¢¢ 002 AR GC6 8 LG¢ GT 2IL 9 86T 2 Lo6T
8lz ¥¢ ot 8Ly GT1S L 61¢ 9T 9¢L 8 002 T 996T
Uo3®o TBIOL | ATY ®BeXe-qng | qA UOTSTAT{ | BA UOTSTAT(C | BIT UOTSTATQ |QII UOTISTATQ | I ®oxB-quG Ieex

(suoy oTxjew) seoIe SUTYSTF UTBW £q [YO3BO TBUTWOU TBIOT

JNTLeH puelusexy T O148]




9TqBITBA® UOTJBWIOIUT OU

4
S0T18T1BLS TBUOTLBU EoHMMH
hﬁﬁﬂﬂaﬁﬁmmﬂnm
209 8z | TTS 82| 099 Ve | 180 9T| ¢l8 8T| V9L 29| ¢2¢ 0L 0TO Gg| S¢6 8 | 2TL 9| 92l 8 TB30L
62T 9T ¢80 9T | 629 VT| 6¢8 9 | 908 TI| LO¥ 0G| 99T ¢¢| 929 NHAHomﬁ 2 Aﬁmmw ¥ AHHQN 8 ‘gesrsn
(z- YL 61 A T¢T - - - - - - (seTemp TSug) *I°N
926 ¢ | 6LG ¢ 9v9 v | co0o 2| Tee G | ¥z L | T1L6 2T - - - - puUBTOg
¢ 197 T¢ T8T ¢ | 26T T | T¥G 2 | 88L L | 28z V| 282 9| 218 T! T Lenzop
G Ly LT 144 - - - TL - - - Dmmm *pad ‘ALuemaepn

T . 6 T T T cdoy -weg UBWIS
mw 8 mmm 8 mmm G .Nmm ¢ Aﬁmmm Aﬁmmm Z AHmMm 9 (1 mo ¢ mﬁmmm Aﬁmg Aﬁﬁm m@gﬁHMH mommm
Ammwmﬁ GL6T 7L6T ¢LéT cléT TL6T 0L6T 696T 8961 L96T 996T Lxgunod

qQIT UOTSTAT(Q (Suoj OTI3eW) TYO3BO TBUTWON
1qTTBH PUBTUSSIH T oTqBg

T02 2 | 99T ¢ | 268 L 06T 8| ¢£¢9 GT| LG8 OT| 066 ¥TI| 98¢ 0T &Y. ¢TI LGS GT 61¢ 9T T830%
LT GTS - e TC 6V 9. - - = - *gTs*sen
(22 10T Gg 8TT 28T - - - - - - (seTem®TSUg) *X°N
¢ 99 661V LeT ¢v9 21 9¢0 G| T6Z 9 - - - - pueTod
G8L T | S92 z | ¢6G 9 Tos L} GTL TT} V.6 ¥ | 8o¥ 9| G688 6| ¥¥L ¥1 YoV ¥T| ¥2e 9t LenzoN
YT 1% 4 -+ ¢ ¢ - + + Gz L ,mmm *pod ‘Luemxen

o T T¢T T T 6 *dey °cwog UBWID
T ET 959 e (g0 T (gE5E (€T 2 |TOC g (826 |86 Somrer sorey
(x9L6T | GL6T | VL6T | TELET | zleT | TLET | 0L6T | 696T | 896T | L96T | 996T £z3unop

BII UOTSTATQ UT (suoj OTI3OW) TUO3EBO TBUTIWON

1OqTLeH pueluesdd ¢ OLdeg




*SQUSWSSOSSE 9} UT SJuUTpueT (AT oY} 04 Tenbs jes

SSUTPUBT DPOY}BWIFSH °BIBP OU

.v

saeed uesemiaq ITds @maﬁwmde

STqBTTBA®R UOT}BWIOJIUT oqAN

SOT4ST3B1S TBUOTLBU aonAH

hHQQHHHHonAM

656 2 | 80¢ ¢ | 998 L | 98¢ L 999 OT| 6V0 ST| TOO omm GeT ¢2| TOG L G466 8| GI6 L TB30g

Aml - 0T 682 82T I | 9¥e ¢ ¢TIT 2 696 L - - - *g*s*sn

(2. Loz T | ¥1¢ ¢ | 8¥9 ¢ | <22 ¢ - - - - - - (seTepM % DPUBTSUX) *M°n

- - gl - ¢ 668 LeT T - - - - puBTod

- - - - 98T 69¢ 8¢¢ 14° - - - LemzoN

89 T | 212 T | 2¥8 2 ¢IT 2| oF9 ¥ | 020 & ¢¥e LI 948 ¢ T T 9 pueTeol

¢16 188 98L T | 928 6TT T | 288 - 887 T | ¢Gz T 068 ¢ | 167 ¢ °doy °pod ‘ALuswren

- - 88¢ 02¢ (16T AHmHm ¢ Aﬁmmm ﬁHAHmmN L Aﬁwﬁm 9 Aﬁﬁmo G AHmHo_N *deoy ‘WS UBWISNH

09¢ 2 14 88T 08T T P 9T¢ T MNz22T ¥ - - - - SPUBTSI ©0IB{

Ammwmﬁ GL6T V16T ¢L6T 2L6T TL6T 0L6T 6961 8961 L96T 996T Lagunop

BA UOTSTATQ UT Amﬂop Oﬂﬁpmav Yo180 TBUTWON
JUqTTBH PUBTUSSID) § oTUB[

GLL ¢¢ | 2LlT 8¢ | ¢9L L¢| 8¢6 62 GGO ¢¥| ¥¢o 6L ¥8Y 68 68L ¢V €91 92 Loz Ve <¥e 9z TB30g

¥L9 9T | 2l¢ 02) 846 9T| T9G 8| ¢6T 9T] 6¢¢ ¥4 LG &¢ omﬁ_mﬁﬁﬁpmm ¢ AHNMN “ Aﬁmm@ 6 ‘g s*se°n

Aﬁﬁmw CTI¢L 998 G¢z T} 292 1 - - o= - - - (seTem ®°TSug) *¥°N

996 ¢ ¢v9 ¢ ovT 6 | o¥T 2 | 186 L | Llz 2T 292 6T 7ViI¢ & - - - puetod
yoi1eoO

Ammmm T (2lT¢ | 6TV | gll e | Lag 9 LET L | ¢¢2 ¥T 948 v Y16 2g 825 LT ¥ev 9T | . surT-SuoT fonzor
Amooo 2 989 T | 949 ¥ LTe 0T} 949 6 60¢ ¢ 8¢9 T - - - - Yo380 TMBI]

0z V6 88 64 ¢ ¢ - TL - 8¢ A .@mm °pad ‘Luewmzen

T T ST L 1T °doy °Woq UBWLIO
mmm 8 mmﬁ 8 ﬁ-m “ ﬁmm ¢ Aﬁmm@ AHme Z Aﬂwwb Aﬁmm ¢ Aﬁpmm Aﬁﬁmm AHN- m@amﬁmm moh@m
AMmNmH GL6T VL6T ¢L6T 2L6T TL6T 0L61 696T 896T L96T 996T £zzunop

(enbTgsTyelg UTYOTTNG WOIF GLET = 996T IOF BIB(Q)
9L6T = 996T ‘II pu® I sBexB-qng UT (sUOL OTI3owW) Uo3BO TBUTWON

TN TTEH pUueluesdd G O148]




10

©TQBTIBAB UOTLBWIOIUT OU

I

S0T1ST2B1S TBUOTLBU EonMH

hH®QHHMﬁoH&AM

P61 L29 6T| 680 8¢ | 6TL 2T| 68¢ GT) ¢16 ¢Tl 228 ¢ 082 68T 002 ot TB10T

- 7¢o T | 29L T 9Lk G0z ove 2 LOT ¢ - = = ~*gcg*scn
(2

(2o 2 T T T - - - - - - (soTem %°TSu™) *3°0

- P60 T | LGO T | 22T ¢ Lvs L | o016 L | 2¢L - - - - pueTOod

Z + TT ¢ - + 2 144 - - - pueTaoT

+ T Z. 1% ¢ 2 - + Z - - PUBTUSSIL)

26T 79 + L “ ole - ¢8T 18T 002 ot *deyg c°pog ‘Luswxaen

- 2L8 9T| 992 G2 | 908 8 Aﬁmmm L AHHm¢ ¢ Aﬁawm 2 AHN¢ - - - *deg -weq uewWIOH

L9L6T GL6T V16T ¢L6T 2L6T TL6T 0L6T 696T 896T L96T 996T Lzguno)

ATY ®Box®B=QqUE UT AmGOP OHHonv UYo3e0 TBUTWON

_INGITBE PUBTIUSSIH § oL14B[

é8ze 094 ¢z¢ 8G¢ L1y T - 906 L9 A% 8lY TB307

AN- - - T - - - - - - - *¥°srsen

- + o] T9 A - - - - - - cgaTen R°TSUL) °F°Q

- 8T - 6 - - - - - - - puBTOod

- ) - - - - - - - - - Lemnzoly

gz Ly ¢9T1 18z Gov 1T - 16 6LS Yee 9Ly mmmm *pog ‘Luewmaen

- 16 Ly - - - - 4] 89 812 2 *dey °wWeC UBWISYH

- 9 L - - - - AH - AH - AH - AH - spueTsSI 90xBd

(96T | GLET | VL6T | €LET | 2L6T | TLET | OL6T| 696T| 896T| L96T | 996T Lzyunop

qA UOTSTAT(Q UT (SUO3 OTI49W) Y0380 TBUTWON

INqTLBH PUBTUSSI) [ STA®BL




11

oTqBTTeA® UOTLBLIOJUT OU

2
SOTYS8T)B3S TBUOTYBU EonMH
%Hmﬂﬁaﬁﬁmﬂmmm
666 ¢6 o AV 4 AmemH
¢05 21T 9T. 49 T¢® GL6T
.80 GOT 66 24 A% V16T
022 L8 L¢G 82 0¢* ¢L6T
LLV 81T G¢e 26 1¢° 2LAT
06T 48T L55 2T 8¢ * 15T
G20 TLT £68 08 e 0L6T
LGL G9 506 ¥ e 6961
L9l 9 162 9 14N 8961
619 1T 48 6 8G* L96T
0¢¢ GT Y1 6T f9° 9951
(uogeo
vy Toaor om o peser) | (HUTS B | (o) BERES| eop
£I8USTF TMBI)} UT 3I0FFS TBROL Bt + H .\ﬂ + gss
£rousTI TMBIZ OUq UT 3I0FFe Tun xod UoqBO PUB 1I0IIH
IT pue T sBSIY-Qqug UT JNQTTEH PUBTUSSID °0OT STdBL
8eV ¢ | V67 ¢2 (082 9¢ | &9 Oz ¢ly 92 ¢l6 82 €28 ¢¢ | 142 Y2 L¢g 8 LAG 6 ¢¢0 8 Te30%
(2” ¥¢9 T J2ll T [990 1 ¢ee 1 98% ¢ 02z 2 | 000 8 - - - ‘¥gestsen
(2 602 T |¢e¢ 2 |OTIL ¢ 9¢2 2 - - - - - - (seTeM % °Bud) 30
- 2loT |ebs 1T |T¢T ¢ 8l8 L 608 8 568 T - - - - puBTod
- L - - 98T 59¢ 8¢¢ - - - - fenzoy
989 T |21 T |¢V8 2 |S8IT ¢ o9 ¥ 020 & Gve L | 088 § T T 9 puBTe0l
- T I 1% ¢ I - + 2 - - PUBTUOSIN)
26¢ Tl88e 1 [AV6 T |O2T T 626 T ¢9T T - 989 T AT0 2 Y1¢ v L96 G |°degeped ‘Auemrien
- €95 9T [ 108 G2 | 92T 4 ﬁﬁpwv L mﬁwom 9 Aﬁmmm LT {7599 8 AHmHm 9 AHNwN “ AHomo z | °dey *weq uemrsy
09¢ 8 1% 88T 08T T 91¢ T rAASN% - - - - spuBTSI ©0XBI
Am@wmﬂ GLAT V16T ¢LAT ZLAT TLAT 0LAT 65961 89561 L96T 9951 £xzunop
(SUbTISTIETS UTTSTINg WOXF GL=996T 40F B1eq)

°9/,-995T ‘ATX PUB A SBOIY=-qng UT -{£U0} OTI}U
JNATTeH PUBTUSSIY

Y0180 TBUTWON

°5 9TqBTL




- 12 -

Table 11, Greenland Halibut in Sub=Areas I and II

Age composition of catches 1970-76 used as input
data for Virtual Population Analysis (thousands of

fish)
Age 1570 1571 1972 1975 1974 1975 1976
Group N ‘ ;
5 , 22
4 34 461 19 276 334 9%
5 526 “80 1 109 212 S17 840 778
6 2 792 j4‘486 3 521 1117 2 519 2 337 2 786
7 10 464 12 712 g 605 3 G23% 6 204 6 520 5 417
8 18 562 12 283 6 438 3 515 3 838 4 118 4 616
g 10 034 6 130 2 775 2 551 1 834 | 2 265 2 667
10 6 671 4335 | 1734 | 1919 | 1942 | 1654 | 1254
11 2 517 2 T03% 1 368 1 556 1 622 1 857 881
12 1 250 1 660 1 234 1 127 1 %38 1 536 1 144
13 616 1 044 675 716 T34 1 122 645
14 1 104 300 200 251 531 600 552
15 266 123 40 70 137 270 238
16 15 20 40 56 79 98 g7

Table 12, Greenland Halibut in Sub-Areas I and II
Fishing mortalities (¥) calculated by VPA, 1570-76

\fiéészf 1970 1971 1972 1973 1974 1975 1976
3 .00 .00 +00 .00 .00 .00 ,O1

4 .00 .00 .01 .00 .00 .01 502

5 .01 .00 .03 .00 .02 .01 .02

6 .06 .14 .14 .03 .07 .07 .05

7 27 «37 A6 .21 .26 24 .21

8 .59 <53 <31 "2 032 .26 .25

g 54 .37 .21 .18 .22 .30 .25

10 .58 .45 .16 »20 .19 031 .25

11 A6 W46 023 20 .25 .27 .25

12 46 «60 o 37 029 .25 W37 025

13 60 .83 L 036 e 29 33 .25

14 1.41 .63 «34 032 46 39 «25

15 1.659 .52 .15 .18 27 W42 .25

16 «50 +50 « %0 «30 +30 .30 .25
anla 54 o 54 .30 625 025 .31 .25
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Table 13. Greenland Halibut in Sub-Areas I and II

Estimates of stock size 1970-76 calculated by
VPA (thousands of fish)

AgeYear 1970 | 1971 | 1972 | 1973 | 1974 | 1975 | 1976
3 | 56 827 | 65 318 | 61 270| 97 972 | 57 518 | 58 259 | 1 077
4 | 39 469 | 48 G11 | 56 219| 52 735 |84 324 | 45 505 | 50 123
5 | 43 828 | 33 939 | 42 097| 47 961 |45 371 | 72 331 | 42 300
6 54 134 | 37 256 2G 1381 35 206 {41 084 38 202 61 478
7 48 111} 44 007 | 27 8599 21 821 | 29 267 3% 028 | 30 716
8 | 44 333 | 31 743 | 26 145| 15 161 |15 155 | 19 458 | 22 402
g 25 648 21 080 | 16 012 16 562 9 803 G 501 | 12 943

10 16 261 {12 837 | 12 488} 11 216 |11 896 6 742 6 086
11 T 281 T 883 7 050 G 145 T 880 8 444 4 276
12 3635 | 3947 | 4293 4804) 6451 | 5283 | 5 552
13 1452 | 1976| 18700 2557 | 3094 | 5 %16| 3% 130
14 1 545 683 743 988 | 1540 | 1985| 2 679
15 344 324 312 455 618 836 | 1 155
16 41 54 166 232 327 406 471

Table 1l4. Greenland Halibut in Sub-Areas I and IT

Parameters used in the catch prediction

A Stock size 1978 | Present exploitation Average
€e group (7000) pattern weight (kg)
3 68 oooig .004 .150
4 58 4801) 008 415
5 50 234 .08 «539
6 36 339G 220 » 700
7 2G 239 °84 1.025
8 35 144 1.00 1.350
g 14 365 1.00 1,756
10 10 056 1.00 2.167
11 5 810 1.00 2,743
12 2 732 1.00 3.085
13 1 920 1.00 4,087
14 2 492 1.00 4,684
15 1 405 1.00 5:477
16 1 203 1.00 55993

l)Based on average recrultment R

3

for yearclasses 1967-71
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Table 15, Greenland Halibut in Sub-Areas T and IT

The biomass of the recruited stock B(N +) and the biomass
of the spawning stock B(N. ), estlmate from the stock
composition estimates of (N +) is the biomass of
the recruited stock as estlmated %rom the relation between
the USSR catch per hour trawling and B(4+) (see Figure 5)

, B(,,) B(N, ) Ba(Ny)

ear -3 -3

x10 =3 tons x10 “~ tons x10 7 tons

1965 446

1566 429

1967 39%

1568 370

1969 311

1970 314 127 311

1971 265 112 276

1572 232 102 234

1573 228 112 202G

1974 249 110 240

1975 (251) (105) 234

1976 (245) (99) 252
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Figure 4. Greenland Halibut in Sub-areas I and II.
The relation between the mean fishing mortalities on 8 to
13 year old Greenland Halibut in Sub-areas I and II and the
total trawl effort in thousand hours trawling. The F8—13
values are estimated from a preliminary run of VPA.for
the years 1970 to 1976, and the relation is used to
estimate the fishing mortalities in 1976 in the final VPA
run on the basis of the total trawl effort on that year.
F
8-1% Y = -0.0357 + 0.00318 x
60 |-
= 0198
S0T
40
S0T
20 |
510 -
l 1
100 200

Total effort in trawl fishery (hours x 10—5)
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FPigure 5. Greenland Halibut in Sub-areas I and ITI.

The relation between the biomass of the recruited
stock (4+) estimated from the VPA and the catch
per hour trawling in the USSR trawl fishery. The

line is the geometric mean regression line

(Ricker, 1975, p.351).

Biomass (in tons x 10_3) of the

recruited stock (4 years and older)
400
Y = 52 + 588 x
300 |-
200 |-
|
|
|
I
L._____l 1 1 | | 1

20 030 I4O 050 |6O i 070
Catch (in tons) per hour trawling in the USSR fishery
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Figure 6. Greenland Halibut in Sub-areas I and II.
Yield per recruit under the present

exploitation pattern.

FMSY and

present situation

A | i | | | i 1 1 J
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