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Terms of Reference and Participation. é%ﬁﬁ&@h;&y&@&

At its Ninth Meeting in May 1971, NEAFC passed the following resolution:

"In view of the Commission's interest in the possibility of
regulating the North Sea herring fishery by means of catch
guotas, the ICES North Sea Herring Assessment Working Group
is asked t0 review the present status of the North Sea her-
ring stocks and to advise on the following guestions:

1) What alternstive schemes of total cztch limits should
be set in order to &llow recovery of the stock to a
satisfactory level within a reasonable pericd of time?

2) Are differential quotas by season, region and cetegory
necessary bto achieve effective conservationy if so, what
form might the take?

3) Is the 4°W Meridian the ap?rcpriate north-western boundary
for the guota aresa?

It is noted that 21l the catch, fishing effort and biological
dete for the period ending 31st December 1970 must be made
availeble before the Group can caxrry out the above siudy, and
that it is desirable that as meny data for the year 1971 as
possible, should elso be made available’.

A request for & meeting of the North Sea Herring Assessment Working
Group was foreseen &t the IBES Statutory Meeting in 1970, and the
week 14.-19. June 1971 was reserved for the purpose (C.Res.1970/2:9),

At this meeting, however, the Working Group felt thet for reasons

set out below it could not yet offer answers to the questions referred
$0 it by NEAFC and it was decided that another meetlng should be held
at the 1-5. September 1971.

Both meetings were held at ICES's headquarter, Chasrlottenlund and were
attended by the following members

Mr, H, Ackefors Sweden Both meetings

Mr. A.C., Burd U.K, v "

Mr, H, lassen Denmeark Second meeting

Mr, A, Mauwucorps France " "

Mr, X, Popp Madsen Denmerk Both meetings

Mr, K,H,Posthuma Netherlands "

Mr. A, Saville U.K, " "

Dr. A. Schumacher Germany " "

Mr, O.J. Osivedt Norway n “
Mr.J.Mgller Christensen Secretary to-the Liaison Committee.

The absence of the membe:cQ from Poland and U,.S5.S.R., was noted with
regret,

The Material,

The present meetings continued the work of earlier meetings held in
January 1969 and in Deécember 1969. A report (Doc.C.M, 1970/H:6) on
these meetings was presented to the Liaison Committee at ICES Statutory
Meeting in 1970 and a revised version is in press (Coop,.Res.Rep., Ser.
A, Wo, 26), This report contained an extensive compilation of data,
mainly from the period 1960-1968 and is a necessary background paper

to the present report, in which only additional or revised data are
given, ,

x)

General Secretary,
ICES,
Chaxlottenlund Slot, DK-2920 Cherlottenlund, Denmsrk



As on earlier occasions the Assessment Group had to spend a dis-
proportionate amount of its allotted time on arranging the date in
suitable form. Major fisheries are still uncovered by detailed catch
statistics and are in some cases not even referable to the gross )
statistical areas usedby ICES, Egually serious deficencies charac-
terize the biological data where such basic information as age distrie-
butions and numbers caught per unit of weight are lacking for entire
areas or fisheries representing thousands of tons,

The working Group noted with regret thst the sirong recommendation
gset out in the former report concerning the need for more comprehen-
sive data had not led to any noteworthy improvement.

The deficencies in the datz availeble introduce an urcertainty in
the conclusions drawn, which must necessarily affect the possible
quota levels,

111, The Resent Development in the Fisheries.

ITI a).Landings,

The general decline in total cetch from the Nerth Sea and Skager~
rak since the peak year of 1965 continued in 1969 and 1970 (Table
1). The total catch in 1970 of 618 000 tons was 24 % below the
average catch level in the period 1955-64 prior to the heavy
expansion of the fisheries, and 38 %»1ower than the catch in 1968,

Wnile 1969 showed a& general decrease in catch in most subareas
the development in 1970 showed a quite different pattern. The
mein decline took place in Sksgerrak and the north-eastern North
Sea, while & substantial increase took place in the north-
western and central North Sea areas, As shown in Table 2 the re-
corded catch in the north-eastern North Sea went down by 86 %
from 1969. It must be noted, however, that the allocations to
North Ses subareas of Danish, Faroese, Icelandic and Swedish
catches are based on a limited sampling of detailed statistics
in one Danish harbour. Though the aetual figures are bound to

be uncertain, the independent picture from the Norwegian catch
distribution supporis the generyl development as described above,

The few preliminary figures available for the first four months
of 1971 (table 3 ) indicate a distribution of catches similar %o
that of 1970,

ITII b).Catch per Unit Effort.

For the period 1955-1971 catches per unit effort are given in
table 4 for itrawl and drift-net fisheries in the North Sea. The
data are in fact the data published and commented upon in the
last Report of the North Sea Herring Assessment Working Group
with the addition of the data available for 1969-1971.

In general a slight increasse tock place in 1969, most markedly
in the Southern area, followed by & decline in 1970 %o what in
most areas appear to be the lowest levels on record.

I11 ¢ ),Effort

Estimetes of effort for the period 1955-71 are given in Table §
for the north-western, north-eastern, central and southern North
Ses and the Bleden arez, These data are arrived at by dividing
the total catch in an area by the catch per unit effort in that
area, As discussed in the 1970 Report of the Horth Sea Herring
Lssessment Working Group, the method is only reliable when the
catch per unit effort of an area is estimated from fisheries ta-
king the major part of the total catch in that area., Difficulties
in this respect were experienced in the areas of the northern
North Sea, and the effort estimates of the north-western and north-
eastern North Sea are, therefore, to be considered with reser-
vation,

For the Skagerrsk no effort estimates could be made due to lack
of data,

The 1970 figures indicate an increase over the 1969 values in
most areas,
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ITI 4), Catch composition.

The %totel catches from the North Sea in 1969 and 1970 continued
at the lower catch levels of 1967 and 1968. The data of eatch in
number show a reduction of the catches of juvenile herring (0
and 1 rings) in the north-eastern North Sea with a reduction of
cateh from that area in 1969 snd a great reduction in 1970.

The catch from the north-west continued at the high rate of re-

cent years, but again with about the same numbers of juvenile
herring in these caiches,

In the central North Sea the catch for consumption declined
further and the proportion of l-ringers increased in both years,
Large increases toock place in the catches of herring from this
area for industrial purposes, the numbers caught in 1969 and 1970
increasing by about 1.7 times over the catch of 1968,

The catch in Area IV ¢ increased somewhat in 1969 and 1970 with
the improved recruitment to the southern ares.

It is in the Skagerrak area that the most alarming changes have
taken place. In this area the fishery has become dependent on
O-group fish, if the samples of herring from which the age com-
positions are based, can be teken as representative of the fishe-
ry. However, these data must be treated with caution, as it is.
not clear whether the proportions of herring reported in the
mixed catches are entirely reliable.

IV, Total Catch limits,

Essentislly any fishery regulation is directed towards a control of
the fishing mortality either in an entire fish stock or in components
thereof (e.g.juveniles),

The main task of the VWorking Group was therefore 1o estimate the para-
meters of fishing mortality, natural mortality and stock size from
past time data and to establish a basis for prognoses of the future
development of the herring stocks.

IV a) Netural Mortality,

Following the method described by Agger, Bo&itius and Lasser
(1971 ) & computor analysis using a Least Square Bs .

timation of the total North Sea catch datz for the period 1955-
1968 was made which gave an estimate of naturzl mortality

¥ = 0,08%9 t0,0087 on adult herring. The value of M derived

by this method is similar to that calculated by Fostume (1963)
for Scouthern North Seg herring.

In earlier assessments @ value of natural mortelity
of 0,2 has been used when considering the effect of fishing on
North Sea adult herring stocks. Estimates of population size by
the Cohort Analysis have been made using this walue for the %o~
t2} North Sea ceitched from 1947-1970 and ziso for the combined
catches of adult and juvenile herring from divisions IV b, IV
¢ end VII de,

The Cohort Anslysis technique is dependent to a great extent on
the relisbility of the velue of natural mortality used. The
effect of using the different value of M are discussed in the
appropriate sections.

IV b ) Fishing Mortality.

The table below gives the mean values of F obtained from the
Cohort analysis on the adult stocks for the total North Sea for
both estimetes of M,and the F values for the catches of areas
IV b and IV ¢ combined. The effect of the lower value of M is
t0 increase the fishing mortality by about 20 9. There is a
close correlation between the iwo estimetes which can be repre-~
sented by the eguation:

i - .
Py.p = 1.14 FM.Q + 0,068
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Estimates of Adult Fisheries Mortality.

Method Cohort Analysis 2 Least Square
Region IV: IVc Total iV b IV ¢ Total !
VII de Yorth VII de North !
Sea Sea ;
Year M 0.2 0.2 |Year M 0.2 0.2 10.0859 Me&ge:fand'
1947 0,09 0.12 11958 0. 93 0.40 | 0.65 < 0.03
1948 0.14 0,13 11959 0. 95 0.50 ' 0,67 I 0,06
1949 0.17 0.17 |19%0 0.69 0,27 ' 0,39 I o,0m:
1950 0.19 0,16 1961 0.67 0.30 ! 0,46 t 0,02
1951 0.31 0.19 {192 1,34 0.39 ' 0.59 I 0,03
1952 0.32 0,23 |196% 0.83 0.16 ' 0.17 Lt 0.03
1953 0.43 0.25 |1964 0.99 0,25 ' 0.31 * o.,01
1954 0.69 0,36 |19%5 1.25 0.61 ' 0,76 t 0,02
1955 0.61 0.31 |19%6 0.67 0.59 | 0,72t 0,03
1956 0.61 0.33 | 1967 1.16 0.73 ' o0.85 T 0.04
1957 0.75 0.39 {198 1.00 0.9 | 109 t 0.16

Because of the inherent character of the Cohort analysis the mortality
estimates for 196¢ and 1970 cannot be considered of comparsble accuracy
and are excluded from this table,

The data for the total North Ses show a steady increase in F up to
1960 followed by & decrease to about 1965 which is associated with the
expansion of the fishery in the northern North Sea, The effect of the
increase in catch from these previously relatively lightly fished
areas is to create an apparant increase in total North Sea stock re-
sulting in & lower value of F. Subseguent to 1967 the total North Sea
mortalities increased to their highest levels.

In areas IV b and IV c are situated the majority of spawning places
of the North Sea stocks. The fishingmortalities for the adult her-
ring indicete a continious increese in exploitation up to 1959 and
thereafter the mortalities have remained at a high level.

The Cohort analysis included the catches of immature herring as 0, 1
and 2 ringers. In the calculations of fishing mortality and stock

size & constant in natural mortality was used throughout the 1ife
spen. This wes considered less objectionable than trying to make chan-
ges in this value on hypothetical grounds.

The table below gives the fishing mortality estimates for juvenile
herring using M = 0,2 for the total North Sea catches and those for
area IV b and IV c.

Estimetes Of Fishing Mortelity on Juvenile Herring

Year IV b IV ¢ Total Year IV b IV ¢ Total Year IV b IV ¢ Total
ViI de VII de VII de
M=0.2 M=0,2 M=0.,2 M=0,2 ¥=0,2 M=0,2
1947. 0.01 0.02 1955 0,32 0.21 1963 0,47 0.17
1948 0,01 0.01 1956 0.44 0.26 1964 0.55 0,21
1949 0,02 0,02 1957 0.24 0.11 1965 0,71 0.34
1850 0,03 0.03 1958 0,44 0,22 1966 0.50 0.33%
1951 0.09 0.05 1959 0.50 0.29 1967 0.54 0,22
1952 0.23 0,16 1960 0.54 0.30 1968 0.28 0.18
1953 0.41 0.11 1961 0.54 0.15
1954 0.29 0.15 1962 0.30 0.10
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The increase in F in both series corresponds in time with the
commencement of the Blsden young herring fishery. The F values
for 1957 and 1958 in both series are not inconsistent with mor -
tality calculated from the Bleden tagging experiment.

A comparison was made between the total mortelity estimates de-
rived from the Cohort and Least Squares analyses and estimates
of mean total mortality for the North Sea obiained by weighting
the mortalities obtained from catch per effort estimates of the
individual stocks by estimates of the relative size

of the stocks obtained from larval production figures.

The regression equations ebiained from these comParisons were:
Y, = 0.5035X + 0,3464

YL¢S=O,5636X + 0.3464 where

e = mortality estimate from Cohort analysis

Y

Y 7t 113 1 T 3
1.5= least squares anslysis

X

= monthly estimate from catch per unit effort data.

From these equations the mortality values for Cohort and Least
Squere analyses in 1969 and 1970 can be estimated from the avail-
able estimates from catch per unit effort.

These are: Cohort analysis Least sgunares
1966 1.304 1,202
1970 0.718 0.679

IV ¢ ) Stock Size,

The table beloﬁAgives the stock sizes of adult and juvenile her-
ring from the Cohort analysis using M = 0,2,

Estimated Stock Size in Number ( x 10'9) M = 0,2
IVD + IV ¢ Total North Sea
Year Juv. Adult Total Juv, Adulft Total
1947 23.4  41.0 64.4 17.1 22,4 39.5
1948 20,7 37.2 57.9 1l4.4 22.8 372
1949 14.6 35,2 49.8 9.9 21,7 31.6
1950 18.1 29.6 47.7 9.7 18.7 28.4
1951 20.2 23,3 43.5 11,7 13,2 24,9
1952 21,2 20,6 41,8 9,0 11.9 20.9
1953 20.5 21,0  41.5 5.9 12,3 18,2
1954 21.7 16.8 38,5 11,0 6.6 17.6
1955 18,5 .17.1 35.6 12,0 4.1 16,1
1956 14.9 13,9 28,8 9.9 4.2 14.1
1957 37.5 11,9 49.4 18,8 3.4 22,2
1958 29,2 9,1 38,3 17.0 1.5 18.5
1959 21.8 14.0 55.8 13.1 3.7 16.8
1960 11,4 12.5 23.9 7,1 3,0  10.1
1961 24,3 11,2 35.5 10,0 3.2 13,2
1962 23,7 7.9 31.6 8.1 1.5 9,6
1963 22,3 10,1 32,4 8,56 2,5 11.1
1964 23,0 12,7 35.7 8.8 1.9 10.7
1965 16,0 11,7 27,7 6.2 1.0 7.2
1966 14,0 8.9 22,9 3.8 1.5 5.3
1967 15.8 6.1 21.9 5.3 0.9 6.2
1968 27.5 4,1 31,6 8.7 0.6 9.3
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The adult stock was defined as all fish older than 3 years of age

plus the stock of 3 yearsold excluding those taken in the Bleden
fishery and the North eastern North Sea,

The stock size for the period 1955-1968 were also calculated for
the total North Sea data using M = 0,1. The two estimates of stock
are closely correlated and taking the estihmates of recruitment at

3 years of age the following eguation allows conversion of stock
at M = 0.2 to stock st ¥ = 0,1,

Ry = 0-409 By ,-0.2

From this it can be seen that the stock sizes are consideradbly
lower using M = 0,1,

Taking the estimates of adult stock for the period 1947-1968 a
decline of ten times is seen. The decliine for the limited Southern
and Central North Sea ares is considerably greater.

IV ¢). Stock~Recruitment Relationship,

Using the estimates of each age group of the adult stock for the
total North Sea summarized in the previous section the spawning
potential of the stock was calculated from fecundity data on nor-
thern North Sea herring,

Fecundity per age group (From Baxter )

Rings 2 3 4 5 >5
No of eggs
(x10-3) 45 67 87 96 101

Spawning FPotential

(Rumber of Adult Females x Mean Number of Eggs per Age Croup x 10712)
Year Sp.pot. Year Sp.pot. Year Sp.pot.
1947 1677 1955 5885 1963 334

1948 1510 1956 513 1964 453

1949 1370 1957 434 1965 480

1950 1167 1958 345 1966 344

1951 964 1959 429 1967 242

1952 833 1960 426 1968 157

1953 77 1961 414 1969 126

1954 631 1962 322

A plot of recruitment estimates as O-ringers from the Cochort analysis
on the spawning potential of the parent stocks indicated a rather
constant level of recruitment. This level was at about 8 x 102 with
rether great veriability in recent years,
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IV e ) Growth Parameters and Yield Curves,

v r

To calculate the total yield it is necessary to have a method
of converting numbers of fish at different ages to weights. The
most convenient form in which to do this is by using the para-
meters of the Bertalanffy growth equation, These parameters
were calculated for each of the subareas of the North Sea (IV
g8, IV b and IV c ) using deta of mean weight at age in each
month over the period 1955-1970. Because of the large seasonal
differences in weight &t age it is necessary to take weight in
the same season in each year. For area IV & the period chosen
was June-September, for area IV b July-October, and for area
IV ¢ October-January.

The calculated growth parameters showed only minor differences
between these three areas, and therefore it appeared legiti-
mete to calculate parameters applicable 4o the total North Sea.
zhese were: Weo= 271,09 - 2,0 XK = 0,377 -0,04 and T_ = -1,526
- 0,43, From these new mean weights at age were caloulated for
use in subseguent computations particularely in those concerned
with forecasting future yields at different levels of fishing
mortality.

Yield per recruit curves were calculated, using the Beverton

and Holt model, 2t three levels of natural mortality (M) and

over a range of fishing mortalities (F) from 0.0 to 0,9 utilizing
the Bertalanffy parameters given gbove, These curves are given in
Pig, 2. If M is 0,1 the calculated maximum yield per recruit is
taken at an F of 0.35, if M is 0,15 at an F of 0,40 and if ¥ is
0,2 at an F of 0,50,

Figure 3 shows the catch of adult fish in numbers in ares IV b
and IV ¢ plotted sgainst the fishing mortality rate calculated
for that year by the Cohort analysis using & natural morta-
1lity rate of 0,2, The curve has a maximum at an F of abkout 0,3.
This is in ressonable agreement with the maxime calculated from
the yield recruit curves in view of the fact that (a) the lat-
ter were calculated as yields in weight not in number and (b)
with fishing on the stock from &n age of 1 year and not solely
as adult fish,

Prognoses for Different Levels of Fishing Mortality.

The basis of the forecest is a recruitment calculation. It has
not been possible to demonstrate & stock-recruitment relation-
ship and it has been teken that recruitment varies about an ave-~
rage of recruits per year: 8 x 107, Thas no account is made

for the possibility of a decrease in the number of recruits
caused by very small spawning potentials, The computation of
stock in weight from sitock in number is made by means of the
Berthalanffy equation with the psrameters given in section IV 4,

As the starting point of the caleculation the age composition
of 1/1-1972 was established by applying & fishing mortality of
0.7 for adult and 0,2 for juveniles (0 and 1 ringers ) together
with & natural mortelity of 0,1 for all ages, see section IV a
to the catch in ngmbers per sge in 1970. The age composition
arrived at per 1°° Jan., 1972 was:

Winterrings
Stock in 0 1 2 3 4 5 6 7 8 9
numbers x) .
x10-9 8 5,957/ 2,8 0,84 0,37 0.054 0,021 0.026 0,004 0,004

x) The yearclasses 1970 and 71 was both taken as being of average
strength: 8 x 109 O-~group recruits.



= F -

This gives a stocksize in weight of 1.0 mill tons,

The catches and stocksizes were then calculated for a 5 year
period together with the biomass of stock in weight and in num-
bers. The results are given in table 8.

The effect of a stock-recruitment relationship was investigated

but due to very large scatter in the original data little con-
fidence could be placed in the results.

V. Differentiel Catch Quotas,

Differential guotas will in principle allow higher catches to be
teken in a fishery than with an overall guota, The more detailed

& catch quota system is the bigger is the possibility of steering
the fishing effort towszrds those levels of fishing mortality which

in different periods, stages or areas may allow the maximum catch
to be taken.

Differentiel regulstory measures were discussed in the former re-~
port by the Working Group. A1l these meassures were aimed at in-

creasing recruitment or reducing moriality in the a2dult stocks or
a combinetion of both. Differentiation of catch -gquota by region,

season and category will be discussed,.

V a), By Regiom,

An overall qguota in the North Ses could be divided between

certain aress of the North Sea. The purpose of this measure
would be the protection of specific components of the North
Sea herring.

For the purposes of the assessment the North Sea caiches have
been reported in four major regions of the Noxrth Sea and se-~
perately the caitches of juvenile fish in the central North
Sea, Taking the areas separately it was impossible to ana-
lyse the data satisfactorely using the Cohort analysis.

Consequently no estimate could be made of the effects on chan-
ges in fishing mortality within these areas which would fol-
low the application of a catch restriction.

An analysis was made using the catch data for the central and
southern North Sea combined. The results of this Cohort ana-
lysis suggest that this larger ares might be regarded as a ma-
nagement unit. It does not necessarily mean that in the re-

maining North Sea ares a manegement programm would be feas-
able,

V b). By season.

4s the quality and the weight of the herring chahges during
its annuasl cycle some gain could be achieved by restricting
the catches to the period of big fat content and weight,

An snalysis of the available data on weight per month ver
age-group showed & 30 % decrease in mean weight over all age
groups between mid summer and the first gquarter of the year,

During the first four months of the year about 20 % of the
yearly cateh is landed. If no fishing were to iake place du-
ring this period, these fishes could be caught in the remainder
of the year with a 80 9 increase in weight. This would result
in 2 6 % increase in weight of the total catch without any in-
crease in fishing mortality.

V ¢). Quotas by Categories.

The only practicable differentiation of quotas by categories

is that between juveniles (0 and 1 group ) and adults, In tab-
le 8 predictions of catch and of stock in number and weight

are given for various estimastes of fishing mortalities on
juveniles and adults. The table is derived be the method of
section IV £, The present effect of the juvenile fishery on the
Bleden is best illustrated by the prediction using the bot-

tom set of fishing mortalities { .5 - .0) Whgre it is seen



thet an annual catch of about 100,000 tons would be expected from
the juvenile fishery alone,

VI, North-Western Boundary of the Quota Area.

The area to the west of Shetland has been fished by the Scottish fleet
in the early part of the Shetland herring season for many years, but
the proportion of the total Scottish catch tazken in that areas was, un-
til 1965, comparatively small averaging less than 10 %. Since 1965
this proportion has increased consideradbly and in the 1968, 1969 and
1970 seasons other countries fishing in the north-western North Sea
have also taken an increasing proportion of their catches from west

of Shetland. In 1970 the fishery to the west of Shetland extended
further west than in previous years and appreciable catches were ta-
ken west of 4°W - the western boundary of the ICES North Sea stati-
stical area IV a.

VI a). Catch statistics.

The catches taken by the Scottish and Norwegian fleets from the
north-western North See and that part of the Farocese, Icelandic
and Swedish catches landed in Denmark from this area in 1970 are
given in Taeble 9 by months. These have been subidivided into
three areas: west of 4°W, from 4°W to the west coasts of Shet-
lend and Orkmey, and to the east of Shetland and Orkney. In 1970
91 % of the Yorwegian cetch from the Shetland area was taken
from the grounds tc the west of Shetland and 60 % of the Scot-
tish catch came from this area, Of the Icelandic, Faroese and
Swedish catches landed in Denmark only about 20 % of the north-
western North Sea catch came from these western grounds but it
is possible that this is an underestimate of the true propor-
tion in thet catches from these western grounds were more likely
to be landed in Faroes or Scottish ports than in Denmark,

The distribution of these landings by months in the three areas
are of interest in showing that the Tishery, and so presumably
the fish, moved easitwards from the more westerly grounds as the
season progressed. This was also the pattern of the Scottish
fishery in the Shetland ares in earlier years,

VI b), Age composition,

Evidence as to whether the fleet continues to fish the same stock
as the fishery moves eastwards in somewhat inadequate, The age
compositions of the catches of the Scottish and Norwegian fleets in
the three areas used for the catch statistics are given in Table g,
These are in substantial zgreement in showing that in all three
areas the catches were nredominantly composed of 3 and 4 years

old fish, The higher proportion of 3 years old fish in the east
Shetland area probably is & reflection of the fact that most of-
the age sampling in that area was done in August, when the pro-
portion of younger fish is generally higher. The scarcity of fish
clder than 4 years in the caiches from all thres areas makes it
appear unlikely that an appreciable component of the popunlatiocr

in any of these zareas is derived from the Minch stocks. These
stocks still have & high proportion of older fish in the popula-
tion.

VI ¢ ), Meristic characters,

The deta available on the meristic characters of the herring po-
pulations in this area are given in Table ¢ , The fish caught to
the east and to the west of Shetland have very similar vertebral
and keeled scale counts, However, Minch and east Shetland fish
show identical values for these characters so that they are of

no value in clarifying whether the fish caught west of Shetland
belong to one or other of these stocks, or are a mixture of the
two, The mean 1. data given in Table 9 show that in this character
there is no significant difference between the east and west Shet-
land herring but that both have significantly higher values than
fish from the Minch.
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VII, Discussion,

In the previous report particulsr sttention was drawn to the
sequential nature of the changes of catch, catch per effort,
larval production and mortality by fishing area in the North Sea.
The reduction in the southern area of the adult stock was fol-
lowed somewhat lazter in the central North Sea and finally in
more recent years in the northern North Sea, It was noted thas
the decline in total catch since 1965 had not been as rapid as
had been expected from the reduction in catches of adult herring
and it was concluded that the real state of the North Sea stock
%as masked by the increased exploitetion of immature herring,
both juvenile and pre- first time spawners, and by the shift of
the fishery into more norithern areas,

These conclusions have been further sirengthened by the eviden-
ce of the fisheries in 1969 and 1970. The North Sea catch was
reduced to about 550 000 tons in both yeasrs, of which about

66 % was taken from the northern North Sea, In 1970 the catch
in the north-western ares slone sccounted for 60 % of the North
Sea catch. This catch was mostly tsken west of Orkney and Shet-
land, an area never exploited to this degree in previous years,

The extension of the fishery into new areas has made the task
of assessing the present state of the stock (in order to arrive
at a recommended conservation measure) even more difficult than
before, ,

The present assessment of the North Sea herring stock is based
almost solely on data on catch in numbers per year and per age
group. The gquaslity of this meterial is very uneven from srea

to area and from one fishery to another,

The most comprehensive set of data, availsble back to 1947, de~
rives from the fisheries in the central and southern North Sea
(area IV b and IV ¢ )., The consistency of sge and catch data from
the Northern North Sea is rapidly decreasing from west towards
east. For the large fisheries in later yeers in Skagerrak data
are so poor that they had to be excluded from the analysis all
together,

1t is not clear to what extent the exclusion of the Skagerrak
area affects the analysis carried out., On the assumption, that
the herring in Skagerrak is partly or wholly also exploited in
the fisheries in the North See proper, then the effect of the
Skagerrak fisheries will be measured within the values of fish-
ing mortalities obtained from the toital North Sea data.

The vital parameter in assessing the effect of fishing on & :
stock is a reliasble estimate of the natural mortality: M. Hither-
to a2 value of M = 0,2 hss been used in herring assessment. There
has been evidence, however, that this value was too high and the
Working Group undertock a mathematical analysis of caich data
from 1955-1968 which gave of value of M = 0,08 £ 10 ¢,

A comperison was made of stock estimates and fishing mortalies
derived from analyses using both values of M., Close correlation=®
exists between the two estimetes, the lower M giving fishing
mortalities about 20 % higher and stock values about 60 % lower
than using M = 0.2,

A series of the results from Cohort analysis using ¥ = 0,2 was
available covering the years 1947-70. Because of lack of time it
was not possible to repeat these using the value of ¥ = 0.1 but
because of the proportionality between the two estimates they
are velid for interpretations in the present context.

Opne guestion asked of the Working Group concerned the effective-~
ness on conservation of differential guotass for different regions
of the Worth Sea, The catch date were grouped in Skagerrak and
four subareas of the North Sea. In ordexr t¢ regard an ares as a
menagement unit the Working Group had to demonstrate that the
stock comvosition within the area would predictably respond to
changes in fishing effort within the sarez.

Cohort analysis and Least Square analyses of dsta from separate
subsreas broke down for aress IV g NE and IV a KW and the regults
for the central end southern aress were considered too unreliable



to be used,

Estimates of fishing mortalities and stock size were consequently
confined +to date representing larger areas i,e. total North Ses
less Skagerrsk and the centresl and soutkern areas combined,

The fishing mortality over the period 1947-68 {Text table, sec-
tion IV b) shows similar values for southern and total North Sea
up to 1951. At this time most of the fishery was concentrazted in
the south, The two sets of values diverge subsequently as fishing
in the northern North Sea begin to increase its effect on hitherto
lightly fished stocks,

The comparatively low values of P for the total North Sea about
1963-64 are associated with the large expansion of effort in the
north-esstern North Sea on the strong 1960 yearclass, This affects
the Cohort analysis as if added recruitment to adult age groups
took place and results in underestimetion of F,

Since 1965 the two estimetes converge as all areas and stocks are
under exploitation. The very high values of F for 197 and 1968 com-

pare well with those obtained from catch, effort and age data from
the fisheries,

Estimates of fishing mortality on juveniles were also cobitained by
the Cohort enalysis (section IV b) by assuming a M = 0,2 for the 1
and 2 years old fish, Estimates based on central and southern North
Sea date give higher velues of F compared with those derived from
the total North Ses.

The values obtained from the southern data may be overestimated as
the young herring catches, comprising all three herring stocks, are
related to adult caiches mainly taken from two of these. It is
noted, however, thet all estimates from 1957 and 1958 are of the
sam;)order,as those derived from the Bleden tagging experiment (15-
20 %

’ and

The stock size estimates/the fishing mortalities obtained from the
Cohort analysis are only representative of the aress and stocks
which are contributing & major part of the catches. The northern
arez has only been heavily exploited since 1963-64 since which dste
it has provided & major part'of total catch. Thus the stock size
estimetes snd the fishing mortalities from Cohort analysis for the
total North Sea largely reflect conditions in areas IV b and IV ¢
prior to that period. In 1963-64 and subsequent years they largely
reflect the conditions in area IV a, Thus the low values of ¥ for
the total North Sea in 1963-64 are merely & reflection of the shift
in the ares exploited by the fishery and it is only in the most
recent years that the F values given by the Cohort analysis are
really representative of the fishing mortality to which the total
North Sea stock of herring is subjected.

As the Cohort analyses only can be applied to yearclasses which
have some history of fishing as adults, the stock size estimates
gets incressingly unrelisble after 1967.

For both area-estimates & dramatic decline of adult stock is appa-
rant (text table, section IV ¢) while the juvenile stock values
appear far more stable,

Prom the Cchort Anaslysis comparing catch on effort, and from the
¥ield curved as catch per recruit it would appear that the maximum
sustainable yield from the totel North Sea would be achieved 2t

g F of about 0.3 for stock over all age groups. Variocus estimates
have been made of the various catch expectations using differen-
tial fishing mortalitiess for the juvenile and adult parts of the
stock.
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VIII Conclusion,

In the former report of the North Sea Herring Assessment Working
Group it was concluded that under normal envirommental conditions
the steady yield of the population of North Sea sutumn spawning

herring would be about 700-800 thousand tons of adult and Juvenile
herring,

At the present meeting the Working Group found that the catch fi-
gures for 1969 and 1970 despite a further extension of the fishery
to the west of Shetland had declined to a level below that of the
possible maximum sustainable yield., Based on the stock in 1968

the Working Group suggested a limitation of catch to 500,000 tons
to obtain & reduction in fishing mortality of 50 %. In 1970 the
catch was 23 % above this limit with no apparent reduction of
fishing mortality from that of 1968,

The main object of the present meeting was to advise on the
three questions set out in Section I of this Report:

1) The Working Group could not establish a stock-recruit-
ment relationship with the dats available and had to
adopt the assumption of constani recruitment at an ave-
rage level.

The Working Group used the catech figures of 1970 as a
basis for caleulating future cateh levels and stock levels
for different values of fishing mortality.

Under the assumptions made the Working Group found that
at the present fishing intensity both catch and stock
would continue to decrease., The Working Group concluded
that an over all catch limit set at about 300,000 tons
could achieve & reduction of about 50 % of the fishing
mortality on the total North Sea stock, At this level
of fishing mortality held constantly for about 4 yeers
an increase in annual catch of 50 % could be allowed.

These prognoses take no account of future yearclasses
deviating markedly from the average recruit strength,
This can only be done by yearly adjustments based on
estimate of yearclass strength of 1 and 2 years old her-
ring, and will reguire a far higher data sampling stan-
dard then the present.

2) The Working Group examined regimml management units and
concluded that though there might be a possibility of
regerding the region south of 57030' n,lat, as such it did
not mean thst the area north of 57930! could so be con-
sidered, In view of this it was thought that with the
deta available regimel quotas could not be established
with any predictable effect.

For this latter reason the Group could not propose any
conservation by seasons slone, It was noted, however, that
for an equal number of fish killed the yield in weight
could be increased by about 6 % if the fishing was limit-
ed to be the second half of the year.

The effect of setting different fishing mortalities on

juvenile and adult components of the stock are given in
table 8, The table also shows the predicted catches at

average recruitment which would result from the choice

of fishing mortality restrictions by category.

Because of the inherent inaccurecies in the data and the
possible effects of omission of the Skagerek catches the
confidence limits on all estimates are very wide, perhaps
of the order of t 50 %.
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3) On the basis of the available data it is not possible to
state categorically where the western boundary of the NHorth
BSea herring stocks should be drawn. This question can only
be answered with complete confidence by mounting a major
herring tagging experiment in this area,

It is recommended that the 4°W be mainteined until more
adequate date are available,
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Table 3 Herring catches, North Sea and Skagerrak
January ~ April 1971

Skagerrak Nb:th Sea North Sea | North Sea North Sea South: Total
ITIa RE IVa B N IVa W | Central + Engl. Channel
IV IVo + VIId, e

Denmark 5 560 0 17 620 50 120 0 73 300
Paroe x)
Islands o 143 8 298 0 0 8 441
France 500
Germony
Fed.o Repo 0
Iceland™) 0 0 2 371 0 0 2 371
Netherlands 0 60 100 140 5 700 6 000
Norway 0 1089 856 2 0 1 947
Poland 0
Sweden™) 866 0 1 829 660 0 3 355

x)

Faroese, Icelandic and Swedish catches only comprise

landings in Danish harbours.
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Teble 8. Prediction of Catch and Stock Weight as Functions of
Fishing Mortelity for M = 0,1 (see Section IV T ).

F F Year Catch GQuota Stock at the_end of the year
Juvenile Adult (1000 tons) Number x 10-0 Weight (1000 t)

o] C 1972 0 16331 1642
1973 0 22016 2535

1974 0 27160 3501

o975 0 31811 4484

0 0.3 1972 217 13975 1335
1973 316 16606 1733

1974 396 18370 2055

1975 456 19552 2301

0 0.7 1972 284 11754 1045
1973 332 12520 1145

1974 359 12864 1202

1975 374 13019 1233

0.2 0.3 1972 282 12663 1252
1973 357 14415 1555

1974 415 15589 1790

1975 458 16375 1964

0.2 0.7 1972 %48 10442 963
1973 366 10618 259

1974 37% 10698 1017

1975 379 10733 1025

0.5 0.7 1972 %88 8506 866
1973 370 8392 828

1974 356 8161 800

1975 348 8057 783

0.5 0 1972 104 13483 1463
1973 104 16591 2077

1974 104 19402 2696

1975 21944 3296
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Yable 9 a, Distribution of caiches in the Shetland ares in 1970
by Scotland, Norway, Iceland X/)Farces¥) and Swéden>/

West of Between 40°W and East of Orkney
Month 40 W Orkney and Shet-~ and Shetland
land
April - 340 911
May - 4 21% 3 872
June 8 017 72 712 650
July 14 565 59 915 9 177
Aug, 5 523 8 957 4 370
Sept, - 801 7 073
Oct, - 131 7 138
Novbr. - - & 431
Decdbr, - - 332
Total 28 105 147 067 39 954

Table 9 b, Percentage age compositions (Norwegian + Scottish data)
in thyee areas of Shetland fishery in June-August 1970,

Winter Rings

Area 2 3 4 5 6 7 8 =8 n
West of 40W 41.2 43.3 4.3 3.5 6,0 c,6 1,0 G.2 B40
4°W_west~
east of Ork-
ney and Shet-
land 54,5 31.2 5,0 1.1 3.4 0.7 0.8 0.7 1 564
East of Ork-
ney and Shet-
land 79,9 15.5 2,0 0.4 1.0 0.5 0.4 0.5 2 017

Table 9 c, Meen VD,

i‘f

& 11, characters of herring samvples from

ity ¥
<

West Shetland, Esst Shetlarnd and Minch grounds,

West Shetland East Shetland Minch
Vs Ky L Ve K, L Vs £, 1
56,53 14.14 15,11 56.51 14.19 14.93 56,51 14.19 13%.86
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