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I. TerDS of Reference and ParticiEation 

The International Council for the Exploration of the Sea, acting 
on a general concern expressed at the 1~\FC Meeting in May 1968 about 
the North Sea herring fisheries, appointed a Workir~ Group to review 
the state of the North Sea herring stocks and to discuss measures for 
the improvement of the fisheries exploiting them. 

The Working Group held two Meetings in 1969, the results of which 
are published in Coop. Res. Rep9~ Ser. A, No~ 26 (1971)~ The Working 
Group concluded that in order to increase the size of the adult stock 
it was advisable to stabilise the effort at a lO,"ler level than exerte·d 
then 0 

At its Ninth Meeting in May 1971, l~\FC passed the following 
resolution: 

"In view of the Commission~s int~rest in the pos
sibility of regulating the North Sea herring 
fishery by means of catch quotas, the ICES North 
Sea Herring Assessment Working Group is asked to 
review the present status of the North Sea herrir~ 
stocks and to advise on the follm,,ring questions: 

1) wnat alternative schemes of total catch limits 
sho~ld be set in order to allow rocovery of 
the stl:ck to a satisfactory love1 '\.d thin a 
reasonablo period of time? 

2) Are differential quotas by senson, region and 
category necessary to achieve effective con
servation; if so, what form might they take? 

3) Is tho 4°W Meridian the appropriate north
western boundary for the quota aron? 

It is noted that 0.11 the catch? fishing effort 
and biological data for the period onding 
31 December 1970 must be made available before 
the Group can carry out the above study, and 
that it is desirable that as mQny datn for the 
year 1911 ao possible, should also be made 
available H .. 

Acting on the request of NGfutFC, the Working Group met in June and 
September 1971 and in January and J~~e 1972 with Hr Ke Popp ~~dsen 
(Denmark) acting as Chairman0 

All meetings were held at ICES Headquarters, Charlottenlund Slot, 
Charlottenlund~ Denmark, and member countries were represented by the 
following scientists: 



:3 ... 

1971 1972 

14 ... 19 .Jun. 1-5 Sep., 24-29 .Jan .. 13-22 Jtmll> 

! 
~ R" llckefors S'i!:'eden I i X X x 

i 
! Dr Y.K. :Benko U .. S.,S .. R .. x 
~ 
i 

I<lr A., C" Bu:rd U .. K" X x X X 
" ! I ~ 
!~ A .. Carten Netherlands I :!It 

1 
:i 

J Dr R.. Doxnheim Germany x I , 
I l':l'.r R.. Lessen Denmark x x x 
} Mr A" :r~ucorpe France x ; 

I I'1r Ko Papp Madsen Denmark x x x x 

i I-Ifr K.R ... PostuIDa l~etherlands JI: x x 
I I I Mr E~S~ ProBv!rov U .. S"S .. R", x 

tF.a- A.. Seville U .. K .. x x x x 1 

])r A. Sohumaoher Germany x x 

I I Mr 0" UIl tang I'fo:rr.,yay x x 
I 

~ronmy x x :it X L Mr O"Jc 0stvedt I 

All meetings were attended by ~~ J", MSller Christenseng in his 
capaoities of Seoretary to the Liaison Committee end of Statistioian 
to ICES" It was noted ~rlth regret that representatives trom nations 
with important fisheries in the North Sea were not attending the 
meetings" 

11.. Materia~=en~ Agen~~ 

J , 

The North Sea Herring Assessment Working Group at ite 1969 sGssions 
mainly oonsidered the development in the stooks and fisheries in the 
period 1960-1968. Catch stntistios and data on the biologioal oomposition 
were oompiled for that period and a oaloulation of tb9 number of herring 
caught per ye3r bj age and area was undertakeno 

At the present meetings the Working Group has expanded this york to 
comprise the entire post-l~r period and to make additional aSBgesment 
methods, such as the Virtual Population Analysis 9 applioabl&@ 

The main objectiye of the itlorking Group hB:s been to estah1il!h 
prognoses on the future development in oatch and biomass over a 4-5 year 
period at different levels of fishing mortalitiaa. For this purpose the 
following data neve been vital~ 

a) age com;,?osltions by areas and fisheries, together 
wi th data on !l1.!lilbers per kg, 

b) nbuL~dance estimates from Young Herring Surveys and 
Young Herring Fisheries, 

c) data on average weight by age and monthJ 

d) data on ca-ccn and effort by gear and area .. 

Aa on earlier occaSions, the 1<J"orking Group had to spend a dis
proportionate amount ~f time on compiling the data in a suitable form .. 
¥mjor fisheries are Etill not coverod by detailed catoh statistios and 
are in some cases not even referable to the gross statistical areae 
used by ICES" EqU8~ ly serious de.f~ 0iencies characterise t:r..e biological 
data where such basic information as age distribution and numbers 
caught per u..~i t of 1[I]eig11t are lacking fbr entire areas or fisheries 
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representing thousands of tons. The problem of inadequate data is 
most apparent in the case of Skagerrak, which for that reason had to 
be excluded from the analyses carried outQ 

The deficiences in the data available introduce an uncertainty 
in the conclusions drawn, which must necessarily affect the quota 
levels. 

III. The Fishe~ies 

a) Landings 

The general decline in total catch from the North Sea and Skagerrak 
since the peak year of 1965 continued in 1969 and 1970 (Table 2). The 
total catch in 1971 of 574 000 tons was 32% below the average catch 
level in the period 1955-1964 prior to the heavy expansion of the 
fisheries, and 8% lower than the catch in 1970. The catch in 1971 is 
only slightly greater than the average catch in the period 1948-1950 
when the main fisheries in the North Sea were the adult herring fisher
ies for human consumption and the effort was at least half the recent 
level. 

In 1969 the herring fisheries showed a general decrease in catch 
in most sub-areas while the developments in 1970 and 1971 show a some
what different pattern. In the latter years a continued decline took 
place in Skagerrak and the northeastern North Sea while a marked increase 
took place in the northwestern part (section VII). As shown in Table 2 
the recorded catches in the northeastern North Sea went down Qy about 
87% from 1969. It must be noted, however, that the allocations to 
North Sea sub-areas of Danish, Faroese, Icelandic and Swedish catches 
are based on a limited sampling of statistics in one Danish harbour. 
Though the actual figures are bound to be uncertain~ the independent 
picture from the Norwegian catch distribution supports the general 
development as described above. 

In the central North Sea after the increase in adult catch in 1970 
over the previous two years, this fell in 1971 to the lowest level 
recorded. However, the closure of the herring fisheries in August/ 
September 1971 will have contributed to this decline. 

The catch levels in the south have remained constant, but at a 
somewhat higher level than in the 1966-1968 period. Nevertheless, the 
current levels are reduced by ten times from the fisheries in 1952-1954. 

The highest catches on record were made in 1971 in the young herring 
fisheries in the central North Sea. This represents an increase of 
2.2 times over the low 1970 catch and 1.4 times over the 1969 catch. 
The increase is associated with the entry of the strong 1969 year class 
into the fishery. 

b) Catch composition 

(i) lluDb~r~ .£,a}lgllt _p~r _ agt? _5.cOE.,1) 

Data are presented in Table 9 glvlng the total catches by area in 
number per age group for the period 1947-1971. The methods described 
in Coop. Res. Rep., No. 26, for obtaining the annual age compositions 
by which separate age compositions ,'lere used for fish taken by different 
gears, each being raised to the total catch by the respective gear, 
has been followed for the period 1955-1958 and 1969-1971. Any country's 
catches which could not be specified to gear were used to raise the 
total specified catch to the total area catch. 



Year I 

Gear 

1955 I 
I 1956 

I 1957 
1958 

1959 
1969 
1970 
1971 I 

I 
I 
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The age data used by areas and gear are summarised belowg 

Area 
I I , 

IVn" ,tJ IVn .. E IVb IVc 

Drift Trawl Purse Drift Travll Purse Drift Trawl Purse Drift Trawl 

s G - S~G G - E G - E H 

S G - I s - - E H - E H 

S G -
1 

s B - E9 S H,G - E H 

S G - S - - E H,G - E H,G 

S G - I S G - ID H,G - E H,G 

S G,H lIT 9 S - H,D IT - H,G - - H9 G 

S G,D N,S I - H,D r 'I S G,H - - H~P,G9F 

S D,H N,S,I I 
I 

- :0 n ,DIF 

Key~ B BslCium 
:0 D0:0:~8,rk 

E,S G,H 

:oIF j)::nish Faroese Landings 
E EngJ.and 
F li':;:>ance 
G Germany 
H - E8thorlands 
I - Iceland 
lIT - H 0 T~'7ay 
P - Polcnd 
S - Scotland 

- - H 
I 
I 

For the period 1947-1954 J:;he age data for areas IVb and IVc are 
Belgian (Gilis 9 1958). For t::::-a"tTl catches in IVa the same source 
has been used and Scottish drift net data have been applied to drift 
net catches (Parrish & C:caig, 1963). Iifumbers per kg "t-Tere derived 
from Gilis except for IVa drift net catches which were derived from 
Scottish data in Statistj.cal 1:6,':-:; Letters. 

The age data for the yOIDlg herring fishery in IVb are all derived 
from the Danish trawl fishery" 

The estimates of the total catches in numbers for each age group 
for the years 1960-1968 9 given in Table 9, differ from those given in 
Table 17 of Cooperative Research Report, lifo. 26. These differences 
have arisen from the application of better estimates of the number of 
fish per kg in the catches of the young herring fisheries in area 
IVb in these years, and thus affect predominantly the estimated 
numbers of 0-and I-group herri:;"g caught. 

During the June 1972 ]"keting of the "irlorking Group the catches 
in numbers per age g:coup in the adult fisheries in 1965 were also 
recalculated. This estimate c_iffered very markedly f:com the totnl 
catch in numbers per age group for the whole of the North Sea for 1965, 
given in Cooperative Researc~ Rerort NOe 26, largely because of big 
differences behreen the tviO estir'l,tes for nreas IVa.l~ and IVa.E. This 
is hardly surprising, in vie"t'! of the comment s made in the previous 
Report of the ~Jorking Group on the inadequacies of the catch sampling 
of some of the major fisheries in these areas. 

I 
I 
1 

1 

I , 
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Because of the deficiencies in sampling? any estimate of catch in 
numbers per age group for these areas 'will contain a large measure of 
uncertainty. In view of this , it "limS decided that the labour involved 
in recalculating all of the data for the years 1960-1968 was unjustified. 
The data given in Table 9, originating from the adult fisheries, is 
therefore unchanged from those given in the previous Report. 

(ii) ~eEc~n1age_of ~pring_spa~rn~r~ ip~the_N~rth_S~a_c~tches 

The percentages of spring spavming herring in the catches from the 
northwestern, northeastern, and Skagerrak areas are given in Table 10 
according to the available national datac In the northwestern area the 
Norwegian and Scottish data are in close agreement for the period 1965-
1968, but thereafter differ 1-;-icleJ_y, This lUfference may ~e dU9 to a 
methodological error in that after 1968 the Norv18gian otoli ths "tv-ere read 
by a different operator than in the earlier perio(l. It is also possible 
that this difference in the later years reflects a real difference in the 
proportion of spring spavmers in the catches of the tv10 countries. In 
these years an increasing proportion of the liforvregian catches was taken 
on the ivestern boundary of the area, itrhilst an appreciable proportion 
of the Scottish catches came from the East of Shetland and itli thin nati onal 
fishing limits. 

In the northeastern area, in all years, there are large 
betvreen the percentages estimated "by the different countries. 
may result from differences in the timing and location of the 
of the different countries. 

differences 
This again 

fisheries 

In all areas there is sor:;,e indication o:f a higher proportion of 
spring spawners in the catches after 19650 This might suggest that the 
spring spaitrning stock has not decreased to the same extent as the 
autumn spaitIDing one did as a result of the major increase in fishing 
effort in 1964 and subse~uent years. 

(iii) Data on S!;:agerrak :fisheries ------...."''-''--.... _-------
In the previous Report, (ll.no::J.., 1971), an estimate of catch per age 

groups in number was given for the Skagerrak for the perioCl_ 1963-1968 
(loc. cit. 9 Table 20, p.47)0 Only limited data on age and "reight com
posi tion o:f the catches I,rere, houever, available and most of these data 
came from the fisheries for human consumption. It also appears that the 
estimate of catch in number per 25e groups for 1968 10JaS based on Norwegian 
research vessel samples w'hich shovTeo, a predominance of O-group fish while 
the Norw'egian commercial fishery vms mainly based on 1- and 2-ringers. 
Due to the inadequate snll:;?ling 0::: 'Cl'].8 oommercial catches ::my estimates of 
catch in numbers per age groups would be misleading .. 

Table 11 gives the Danish and Sivedish herring catches landed in 
Denmark separated into catches for human consumption (C) and for industrial 
purposes (I) 9 together ,vi th estimated mean number per kg :for some years 0 

For No r-vra y ~ total catches only are given, but during the years 1964.-1968 
at least 901~ of the catches were for industrial purposeG.. The catches 
for other countries are almost exclusively for human consumption. 

The figures available on mean number per kg indicate that the 
Danish industrial landings mainly consisted of fish wi t11 0 and 1 winter 
rings 9 while the Norwegian industrial landings in the years 1965-1968 
exploited fish ,vi th 1 and 2 vlinter rings. It seems 9 the::-efore

9 
that the 

total catch from SkaG'errak during Lle years 1960-1971 consisted mainly 0:[' 
fish ivi th les8 than 3 Ivinter rinS'se 
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(iv) Ca1ch ~e£ ~nit_E!f£r! 

For the period 1947-1971 catches per unit effort are given in 
Table 12 for trawl and drift net fisheries in the North Sea. 

Apart from the extension in time some of these data differ slightly 
from those in Coop. Res. Rep.? No. 26. In particular the Netherlands 
trawl data refer to herring in fresh weight while previously these were 
in landed weight. 

In the central area the U~K. unit used is catch per landing. Since 
1965, as some landings reprGflent more than one night! s fishing, the se 
numbers should be reduced by a factor of about 0.8, to be comparable with 
the earlier data 9 but this correction has not been applied to Table 12. 
These data are derived from the summer fishery off the English northeast 
coast. In the early part of the SGason this fishery is directed at 
recruiting fishes 9 ,'Thi1e later an increasing proportion of older fish are 
taken? when the drifters exploi"i:; th& spavming grounds off the Yorkshire 
coast. The more stable nature of the drifter catches per effort compared 
vTith the trawler series? may ce :::-elated to this greater dependence on 
recruit herring. 

Both trawler ane. d:::.-ifteJ:' U:1~:.. ts sho~T declining catches per effort 
in the south and northeastern Q~eas. 

In the northw·estern J'Torth Sen again the drifter data are more stable 
and do not show· the mnrked. 0081i::'8 seen in the Dutch travrl e.ata. This 
difference in abundance indices between drifters and trawlers has been 
commented on before. Po~e and Par:::.'ish (1964) considered that the dif
ferences betw·een drifter nnd GGrIT2o.n trawl catches per effort from July 
1947-1959 reflected real changes in abundance. They suggested that net 
se1ecti vi ty cou1cl accon.G.t fOJ:' t:l.8 difference.. Zijlstra (1967) showed 
a consistent differencCl bet\-;reen the age compositions of travrl and drift 
net catches over the period 1930-1960. He concluded that the differences 
could be explained from the drifters selecting a younger component of the 
stock. Differences in a}:'ea 3.is Jcri.bution of the two fleets might also have 
an effect. 

( v) Effort 

Estimates of effort for the period 1947-1971 are given in Table 13 
for the northwestern, northeastern? central and southern liforth Sea and 
the B10den area. These c.:lta C1::'o:.:.:-:d 'led at by dividing the total catch in 
an area by the catch per unit effort in that area. As discussed in 
Coop. Res. Rep., No.26 9 the method is only reliable when the catch per 
unit effort of an area :'8 9s-Giu8ted from fisheries taking 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 nortb:vT8stern and northeastern JlTorth Sea are ~ therefore, 
to be considered with reserv3tions. 

USing the UoK. drift :rc.et series and the Dutch trawl series, estimates 
of total effort in the adl'..lt f.Lsheries in the ITorth Sea have been computed. 
In the case of the drifter cl.ata for the central and northvTest areas it has 
been assumed that each J.DD(cinG ':"!as a drifter shot. The effort for these 
areas 9 and area south, have oeo:'1 summed and raised by the difference 
between the total catches from ~hese three areas and that for the total 
lTo;:-th Sea adult fishe:':iN'. ?:';'..c1:. a stlBmation of the effort estima tes fo:::::, 
the individual areas is only valid on the assumption that they are 
measured in the samE units and in -l _lis case they are derived from almost the 
same fleet of vessels. 

In the case of the :D1.1.tc~1 t:::'-a1vl data it has been assumed that the 
catches per unit effort for the northwest 9 northeast and central areas 
are all estimates of the total stock of herring in the north Sea. This is 
certainly not the case in the l'1o~c'cheastern area where the major decline in 
catch per unit effort in the lator years was partly due to a change in 
fishing area as the objective of this fishery changed

9 
as the herring 

stock declined from predo~inantly herring to a greater emphasis on demersal 
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fish. It is most unlikely that all of the stock is fully represented in 
any of these areas. This is particularly pertinent to the central area 
.vhere few fish from the northw8stern spawning stock are represented. 

How'ever, unless a reliable estirna te of the proportion of the total 
stock fished in each area is available 9 the simplest assumption which call, 
be made is that these estimates are equally valid measures of the total 
stock within that area. Because of availability differences between th3 
areas~ catches per unit efforts are not measured in the same units. To 
correct this? mean catches per unit effort were calculated per area using 
data from the period 1955-1967 for which catch per effort data are available 
.for each area. The ratio of the mean catches per unit effort in the north·
western and northeastern areas to that of the central area were calculated, 
and the catches per unit ef.fort .for the .first two areas ivere adjusted by 
this .factor. Yearly means l"ere then calculatect .for the three areas and 
this .figure 'vas raised to the total North Sea effort. Ta ble 14 gi ves the 
estimated total North Sea efforts calculated by both methods. 

The e.f.fort recorded in drifter landings is underestimated in 1969 
and 1971, as there was no .fishery in the south~rn area from which the catch 
per e.fforts iV'ere derived. The dat2 suggest that after renching a peak in 
1961-1968, the total effort on adu~t herring has since declined SOmG~hLat. 

The trawler effort also Sh01TS the increase in effort from 1961-1968, 
w'ith, subsequently, an apparently slight decline. 

Table 14 also gives catch peI' effort estimates in dri.fter and t:r.m·rler 
units for the total North Sea catch. The dri.fter data originating .from 
:fisheries mainly on recrviting herring show little trend 1vith time. 
However, those :for the trm·rler index, being based mainly on the spa1~l.1.ing 
stocks, show a large dccc:::ease vIi th time. 

Using the weighted mean :fioDing mortality for fish of 2 rings and 
older .from the VPA analysi3 9 appa~ent changes in fishing efficiency with 
time can be examined. Tho rntio l'/Cpe :for each year describes the relntive 
changes in F generated by one unit o:f catch per e:ffort. The plots for 
dri:fter and trsmJ.er efficicTIcie2· ap:i?ear in Figures 1 and 20 As the me2l:1 
F values :for 1968-1970 nre not reliable from the VPA analysis because of 
the short periods involyed 9 F has been set at 1.0 9 as has been used in 
other analyses 9 and iv-hich is of the order of the observed values o:f F 
from catch per e:ffort data. 

The dri:fter data incHcate an increase in apparent e.fficiency (fishing 
intensity) of about tivO times by 1961 from the level of the earlier perioc!.. 
Accepting the values o:f F for 1968-1970 9 the increase Ims then three tim9s. 

The trawler data indicate a rather steady level of intensity from 
1954-1964, subsequently jumping by a .factor o.f about three. 

In Figure 1 the relative change in fishing intensity for the Dm1ish 
young herring trmrlers is indicatedQ This has been calculated bJT using 
the catch pe7:' effort data o:f Table 12 and the index of fishing mortality 
for I-ringed fish from the VPA analysis. The data suggest an increase in 
ef.ficiency of the order of two time s behIeen 1958-1963 and 1964-1970. 

IVe T4~~ F~~!.l )?j:og]£ 

a) Natural mor+.alitx 

Some impression can be gained from the use o:f the catch per effort 
data given in Table 14 of the relative size of I1 in relation to Z. For 
the Dutch tra1-Jler data the rogression of annual l/Cpe on total effo::-t fo;:: 
the North Sea has been calculated (Figure 3). The statistic l/Cpe is 2':l 

approximation to the total fishing mortality. The intercept of 0.13 is 
not significantly different from the value M = 0.1. The intercept itself 
must be an overestimate, as the catches per effort in later years are not 
corrected for the .fishing efficiency increase. This correction "tvoulei. tene:' 
to increase the slope and reduce the intercept. This \fQuld imply tha"c ~Ol' 
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the adult part of the stock9 the value of M = 0.1 is realistic. 

other estimates from catch per effort data of the natuxal mortality 
coefficient are available and summarised belmlg 

Source Stock }vI -
Postuma (1963) Downs 0.08 

Burd &, Bracken (1965) Dunmore 9 1952-1959 0.13 

Malloy (1969) Dunmore~ 1961-1968 0 .. 15 

In earlier assessments a value of natuxal mortality of 0.2 has been 
used when considering the effect of fishing on North Sea adult herring 
stocks. In the present Report the Virtual Population JU1alysis and the 
prognosis have been carried out using the value of M = 0.1. The same 
value of M ilvaS also applied to juvenile immature herring as 0- and 1-
ringers included in the analyses as it was considered less objectionable to 
use the snIDe value of 11 throughout the life span than trying to make 
changes in this value on hypothetical grounds o 

b) Fishing mortality 

Table 15 gives the values of F obtained from the Virtual Population 
Analysis on the total North Sen stock for M = 0 9 1. The effect of higher 
value of M = 0.2 is to decrease the fishing mortality. The correlation 
between ~1 = 0.1 and }vI = 0,,2 can be represented by the following equationg 

FO.l = 0.96 FO.2 - 0 0 067 

For the adult stock (2-ringers and older) the data show a relatively 
steady level in F up to 1964 followed by an incrense in 1965-1967 to about 
0.7-008 when the fishery in the northern North Sea expanded. Subsequent 
to 1967 the mortalities have remained at a high level of about F = 1.0 9 

as indicated from catch per effort data. 

The fishing mortalities for the I-ringers show· an increase in F 
from the early 50 ' s up to about 0,,5 in 1964 and have since stayed at about 
the same level. The increase in F corresponds in time with the commence
ment of the B10den young herring fishery. 

c) Stock size 

(i) Esii~aie~ !r£m_virluQl_p~pulation ~n~lysis 

Table 16 gives the estimated stock size in numbers by age and year 
for the total North Sea from the VPA using M = 0.1. 

The stock sizes "twre also calculated for the total lTorth Sea using 
M = 0.2. USing an M of 0.2 the stock sizes calculated are about 30% 
higher. 

Over the years 1949-1965 the total stock sizes were remarkably stablo? 
fluctuating around an average level of about 29.0 x 10-9 0 After 1965 the 
stock sizes decreased to an average level of about 20.0 x 10-9 • 

ConSidering the stock sizes for the different age groups, it appears 
that most of the rec1llction in stock sizes have tak~n place in the adult 
stock (2-ringers and older) which 8ince 1966 has been reduced to about one 
third of the level in the early fiftieso This decrease compares very well 
to the decrease in average traw·l catch per effort (Table 14) • 

.A reduction in the number of older fish greatly affects the spavming 
potential of the stock, and as is shown in Table 199 the estimated spawning 
potential has been reduced by about 3 times in the later years, as compared 
with the period 1947-1952. 
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(ii) Esti~aie~ fr£m_taggi~g_e~~rim~nts 

From :t.Torwegian tagging experiments in 1966 in the northeastern north 
Sea (June) and east of Shetland (JulY)9 the stock in the northeastern North 
Sea was estimated to be 0054 million tons and in the Shetland area 0.57 
million tons, totalling 1.11 million tons CAllon., 1971). These estimates 
vTere, hOvTevers based on returns during the first three months after tagging 
and most of the returns came from the areas of release (Haraldsvik, 1969). 
It seems evident, therefore, that the tagged fish were not randomly dispersed, 

According to later reports from these experiments the returns during 
1967 and 1968 show that 30-35% of the tagged fish from the experiment in ths 
northeastern North Sea had migrated to Shetland, while 21-41% of the 
Shetland tagged fish were in the eastern area. 

The autumn spavmers in both experiments consisted of 2-ringers and 
older fish~ About 10% of' the tagged fish in the northeastern area and about 
30% in the Shetland area were spring spawners. 

ConSidering returns during 1967 and 1968, the estimates of the total 
stock of adult autumn Spa1inerS in numbers in 1966 in the northern North 
Sea range between 10 - 15 thousand million9 or in weight (using an average 
number per kg of 5.2) from 1.9 - 2.9 million tonso 

d) Larval abundance 

Indices of larval abundance for the period 1946-1969 were presented 
in Coop. Res. Rep., No.26. In Table 17 of the present Report the results 
of the 1970 ICES Herring Larval Surveys have been aelded and some alterations 
made to the data for the southern North Sea. 

The changes in the Downs estimates have resulted from restricting the 
larval abundances used to those obtained from sampling in comparable areas 
within the months December and January.. The abundances are of all larval 
Sizes, and as in earlier years (1946-1962) and in 1969 no separation by siZG 
was made. II simple mean has been taken of the abundance indices obtained 
from each survey iV"i thin each spmming period for use as the annual index. 
In 1968 the DO~ins surveys vTere f'ar apart in time (early December and late 
January) and the larval sizes \>Tere small in each case., As an exception, 
therefore, in this year the abundance taken is the sum of the two survey 
indices. In 1966 only tvTO surveys vTere made up to 20 December when felV" 
larvae would have hatched out. No abundance index can be given for this 
year e 

The abundance indices of larvae from the southern North Sea (DOims) 
Sh01iT increases in number since the very low levels of the period 1963-1965. 
In the central North Sea larval abundances are still dependent on the 
spavming off the English northeast coast between the Longstone and Flamborough. 
In the northern region the major production originates from the Orkney/ 
Shetland region, though in 1969 some production wns recorded on the spawning 
grounds near the Aberdeen :Bank. 

Comparable data for 1971 ,',ere not available to the vJorking Group. 
Preliminary estimates suggest that in the south? larval abundance was low' 
(1963-1965 level). In the central region abundances of the same order as 
1970 'tvere recorded, as viaS the case in the Orkney/Shetland area. In the 
northvlestern area, h01vever, increased production i.VGS evident on the 
llberdeen-Turbent-Montrose :Banks arepo 

e) Recruitment 

(i) Re.£r~ilm~nt ~sii~aleE.. 

Recruitment estimates are available as the number of 0, I or II group 
fish from the VP1\., and as catch per unit effort of 3 year old herring in 
drift net and travrl fisheries" For the most recent year classes (1969, 
1970) the only estimates available so far are from the International Young 
Herring Survey, the English O-group survey, and the Danish industrial fishery~ 
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Both the 1969 and 1970 year classes seem to be above average 
(Table 23). Over the whole period 1947-1970, there is no clear trend in 
the overall recruitment to the North Sea stock. 

Recruitment estimates for Buchan, Bank and Downs stocks were 
available for the years 1951-1967 as the catch per unit effort of 3 year 
olds in the drift net and trawl fisheries in the areas (Table 18). In 
order to get an overall estimate for the recruitment to North Sea stocks, 
catches per unit effort for individual areas were expressed as standard 
measure ex - x ) and then added by years. 

(J 

A comparison was made bet"tveen these recruitment estimates and the 
figu.res for stock size at three years of age, calculated by VPA. For this 
purpose, VPA values were also expressed as standard measvxe (Figure 5). 

A significant correlation (r = 0.86) was found between the two sets 
of recruitment estimates 9 indicating that recruitment levels calculated by 
VPA are of the same order as those estimated from the combined catch per 
unit effort of 3 year olds in the different areas. 

(ii) §.t.2.,ck-.E.eE.rE:.i1m~n.i .E,ela,ii.2.,nshiP_for_t.,£tal_lIT.2.,rth_Sea 

Using estimates of each age group of the adult stock for the total 
North Sea (from VPA) the spawning potential of the stock was calculated from 
fecundity data on northern North Sea herring. The spawning potential is 
obtained by multiplying half the numbers of stock at each age by the mean 
fecundity for that age group. This gives the potential annual egg production 
or spawning potential. 

Fecundity per age group (from Baxter, 1959) 

Ringers 

No. of eggs 
x 10-3 

2 3 4 5 >5 

45 67 87 96 101 

Spavming potential of the total North Sea stock is compared with 
recruitment estimates as O-ringers from VPA in Table 19. There is no 
correlation between the two values for the period of observation. Instead, 
recruitment fluctuated around a rather constant level of about 8 x 109 
(Figure 6). 

The North Sea herring are regarded as consisting of three major stock 
units, Bank, Downs and Buchan. Stock recruitment relationships have been 
domonstrated for some of the individual stocks. By adding all stocks 
together in the present analyses, any underlying stOCk/recruitment relation
ships might well be masked. 

(iii) St.2.,ck-.E.e£r~itm~nt .E.elati£ns~_for_D£w~s_her.E.iEg 

Figure 7 shows a plot of Downs larval abundance (Table 17) against 
both the abundance of O-group herring along the East 1'illglian coast and Thame2 
estuary (I'Jood, 1970) and the abundance of low mean length herring 
( <15-16 cm) as measured during the International Young Herring Surveys. 
The 1968 year class has been excluded because larval production of the Downs 
stock was not properly measured in 1968/1969. For the remaining years 
(1964-1970) the relationship between number of larvae and abundance of 
young herring is quite apparent. 

The plot of O-group fish against low mean length I group in Figure 8 
also includes the 1968 year class. This year class in the ~0wns stock was 
of about the same strength as the 1969 and 1970 year classes, while for the 
total North Sea the 1968 year class was only half as strong as the 1969 
year class (Table 23). 
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f) Iveight data 

The mon-8.ily mean weights per age group are given in Table 20 for each 
area separately. These mean w'eights are based on data collected in the 
period 1966-1971 in area IVa" \il on combined Netherlands and Scottish data, 
in area IVa.E on Netherlands data and in areas IVb and IVc on English and 
Netherlands data. Norwegian weight for age data for area IVa as a whole 
are tabulated separately. The rather few observations available for area 
IVaeE suggest that the weight per age in this area is very similar to that 
in IVao vI and the Scottish and l"JetheI'lands data for these two areas are 
very similar to those of Norway for the combined areas. Danish data of 
monthly weights for age in the juvenile fisheries are given in Table 21. 

In all areas the data show' a maximum "l-Teight per age in the adult 
fisheries in August-September and a fairly rapid decline thereafter to 
about 60-70% of this summer maximum in the early months of the following 
year.. This 'tvould suggest that quite apart from any gain due to growth 
or reduction in fishing mortality, an appreciable increase in yield could 
be obtained by restricting fishing during the period November-April. 

The mean number of herring per kg by month and area is shown in 
Table 224 In the northern North Sea the data ~efer to Scottish and Dutch 
catches, while those for the central and southe~n North Sea mainly derive 
from the latter. Additional figures for juvenile herring in the central 
area are obtained from the Danish young herring fishery. For the adult 
fisheries the number per kg is lowest in the period between the feeding 
and the spawning seasons. 

Table 11 presents some information on numbers per kg in certain 
Skngerrak fisheries. These data~ hOi·rever, are hardly representative of the 
total catches. 

v < Prog:~lOses for Diff£F~~,Y£1'L2! Fishing Mortali t:y: 

Essentially 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 '\V"orking Group 'IITaS therefore to estimate the 
parameters of fishing mortality, natural mortality and stock size from 
earlier data and to establish a basis for prognoses of the future develop
ment of the herring stocks. 

of an 
nosis 

a) Parameters and assum:gtions 

(i) Nai~al ~ort£litz 

l\]'atural mortality has been assumed to be 0.1 for all ages. The uso 
alternative value of ~/[ = 0 .. 2 was tested, but the effect on the prog
'VTaS found to be negligible at current levels of fishing C1ortality. 

(ii) Fishing ~ort~litz 

From data of the 1968-1971 fisheries the following estimates of total 
mortality have been derived from catch per effort data~ 

~ ________ ~~T~o~t~a=lMortalitv Z 
'-

I Year IVa IVb IVc I 

Scotland Englar.l I Netherlands Netherlands I 

I 
1968/69 0.55 1027 1030 I 2.0 
1969/70 1034 L30 0.79 LO I 

I 1970/71 0.73 i L30 L30 , 0.8 : ! , 
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It would appear from these data that the total mortality in recent 
years has been high and a fishing mortality for adult herring 
(i.e. 2-ringers and older) of F = 1.0 was thought realistic. 

Using the total North Sea catches, F values for the juvenile herring 
(i.e. I-ringed herring) were calculated by Virtual Population Analysis 
using M = 0.1. From this an average value of F = 0.5 appears reasonable 
for 1 ringed herring. 

Table 15 suggests that the fishing mortality of the O-ringed herring 
is about 10% of the fishing mortality of the I-groups 

(iii) Initial ~g~ £o~P£sitio~ ~n~ Ee£r£itm~nt 

The stock coml)osi tion as at 1 Ja.'l1uary 1972 i'TaS used as a starting 
point for the prognosis. This was deriveo_ from catch in number per age 
group in 1971, corrected to stock as at 1 January 1971 by applying an 
1·1 = 0.1 for all age groups 9 an F = 1. 0 to fish older than I-ringers 
and F = 0.5 to l-ringers~ The catch figures given in Table 9 were used. 

In order to simulate the likely changes in the stock under different 
levels of fishing mortality in the next five years~ some estimates of 
the relative strengths of incoming year classes are required. 

The strengths of the 1968, 1969 and 1970 year classes have been 
monitored in the English coastal surveys for O-group herring, the 
ICES Young Herring Survey and the Danish Young Herring Fishery. Taking 
the 1969 year class as standard, the compari tive strengths of the others 
are shown for comparison in Table 23. All estimates for the 1968 year 
class are in close agreement. 

The strength of the 1970 year class is believed to be underestimated 
in the northern part of the English coastal survey.. The means used for 
the young herring survey differ from those quoted by Postuma and 
Kuiter (1972) in that abundance indices have been separately calculated 
for fish of low mean length and high mean lengths. The mean numbers of 
I-ringed fish per rectangle for the two groups have been summed to give 
the overall abundance index. It seems that the relative year class 
strengtbsso obtained are close to the estimates derived from the Danish 
young herring fishery taking place at the time the survey was made. 
USing these data it ims assumed that the 1970 year class is 50% greater 
than the 1962-1969 mean (7.9 x 10-9) and that all subsequent year classes 
are of average strength~ 

The estimated age com:posi tion as at 1 January 1972 is sho"(m below~ 

Age composition as at 1 January 1972 

I 0 1 I l I 'tVo r. 2 3 4 5 6 7 8 

Nos .. 10-9 h .. 9 
, 

1 0 16 .38 .13 i ,,022 \ .017 .16 10.7 ! 5 .. 4 , I I I 

This gives a total biomass of 1.0 x 106 

.(iv) £:!e.§.:n ___ w~ights _p£.r _age _gE,02:,P 

In order to asses::: the effects of changes in juvenile and adult 
fishing mortalities on the stock and catch in weight, estimates of the 
mean weights of eac~l age group, as caught, have been made. The mean 
'ltleights of fish older than 2-ringers 1:1ere calculated from the von 
Bertalanffy growth equation~ 

vim 
..!.. 

= 271.09 .:. 2.0 
TT ... >. = 0.377 

To = -1.526 
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For the younger age groups estimates were obtained of their mean 
weight both in the annual catch and at 1 January. 

The mean weights used in the computations appear belowg 

vlinter Rings I At 1 

0 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 
11 
12 

~I[ean weights (g) 

January Annual catch 

17 

25 50 

75~~125 
182 

207 
226 

240 

249 
256 
260 

264 
266 
268 

b) Prognosis fo~ different levels of fishing mortality 

using the parameters indicated in the previous sections, compu
tations were made of the expocted catches in 1972 under different levels 
of juvenile and adult fishing mortalities. These are presented in 
Table 24 and in Figuro 9 for all combinations of juvenile fishing 
mortality from F 0.0 - 0.8 and adult fishing mortalities from 
F 0.0 - 1.50 In addition 5.8 shovm the expected percentage changes in 
the 1975 catch and biomass over that in 1972. 

In Table 24 the first column indicates the expected changes, if 
there "t-Tere no fishing on l-ringecl fish (F = 0.0). Thus at an adult 
F = 0.1, the expected catcD in 1972 would be 92 000 tons, and if this 
pattern were continued to 1976, then the 1975 catch would be 298% 
greater and "tl:.e bioElacs~l~c 31 December 1975 ivould be 306% greater. 1',-t 
an adult F = 1,,0, the expectecL catch for 1972 would be 613 000 tons and 
the catch in 1975 would be increased by 47% and the biomass by 26%. 

The first row indicates the effects of stopping all adult fishing 
and exploiting I-ringed fish only. 

It has been assumed that the recrui tElent vlOuld be of average 
strength up to 1976. The annual 1972-1975 catches would then simply 
be a proportion of th~~~ recruits depending on the fishing rate. There 
ivould be no change in ca tcb. w-i th time, as the I-ringed fish after 
passing through the fisl':..or:'" "':~-ould join the adult unfished stock. However, 
the biomass would increase by 365% over the 1972 level at F = 0.1 or 
188% at F = 0.7. 

The accuracy of the prognOSis has been studied, assuming recruit
ment to be a pure random process. The forecast of both catch and 
biomass up to the end of 1975 has a mean error of 25%. This point must 
be kept in mind when using the table. 
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c) Comparison with fo~mer data 

The prognosis technique was applied to the 1970 catch for fore
casting the 1971 catch. \Jit.h an adult F = 1.0 (2-ringers and older) 
and a juvenile F = 0.5 (l-ringers) for 1970, the predicted and observed 
values for the 1971 catch were as followsg 

Immature catch~)-I 
11ature catch f 

I 

Total 

Catch in '000 t J 
Predicted 

238 

321 

559 

Observed 

212 

298 

510 

, 

\ 

I 
j 

! 
t ___ --1 

*)It is assumed that 25% of the catch of 2-ringers 
are immature" 

It vull be seen that the predicted catch is about 10% higher tb2n 
that observed. 

The value of F = 1.0 for adults is a mean fishing mortality for 
all ages older than l-ringers. Estimating F for each age grouP? using 
the catch of 1970 and 1971, and assuming a juvenile F = 0.5 and an 
adult F = 1.0 for 1970, the following gives fishing mortalities for 
1971 (M = 0.1): 

!!.:.!.- F 

1 0 .. 44 

2 1..47 

3 1.02 

4 0.60 

5 0.50 

This shows that the assumption of an equal F for all adult age 
groups is disputable. The Working Group, however 9 had no model avail
able for calculating the expected changes in distribution, of F on age 
groups and had to adopt the assumption used. Inspection of the prognosis 
showed that the effect on the adult catch was not very serious, so that 
from an operational point of view the assumption of an adult F equal for 
all age groups can be applied" 

VI. Conservation Measures 

a) Overall catch guota 

From Table 24 and Figure 9 the overall catch quotas can be 
derived once the decision has been made regarding the level of biomass 
and catch required in 1975. If a doubling of the biomass is considered 
deSirable, the sets of fishing mortalities (0.0, 0.5), (0.2, 0.4) etc. 
can be read from the table giving the overall quota for 1972. 

b) Differential measures 

Differential quotas will in principle allow higher catches to be 
taken in a fishery than with an overall quota. The more detailed a 
catch quota system, the greater the possibility of directing the fishing 
effort towards those levels of fishing mortality which in different 
periods, life stages, or areas will allow the maximum catch to be taken. 

Different conservation measures were discussed in the former 
Report by the Working Group (Anon., 1971). All these measures were 
aimed at increasing recruitment or reducing mortality in the adult stocks 
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or a combination of bot~o Differentiation of catch quota by region, 
season and category will be discussed e 

Ci) ::By_regi0!l 

~1n overall quota in the North Sea could be divided between certain 
areas 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 catches have been 
reported in IOur major regions of the North Sea and separately the 
catches OI juvenile Ii8h in the central North Sea. Rowever~ no estimate 
could be made of the effects of changes in fishing mortality within 
these areas following the application of catch restrictions. 

(ii) Ql£sed_s~a~0!ls 

To estiI:late the expected g&in in yield by closed seasons, monthly 
mean woights for oach ago group ,1e3:'e calculated (Table 21) by using 
weight data from the differen·:~ 6:3:'08:S (Table 20) and taking a weighted 
mean for each month accoL'ding to catch d.istribution in 1969 and 1970. 
Yields per recruit "Vlere cnlculated (Ulltang 9 1972) using monthly weights 
nnd coefficients exp~essing t1:..e cListribution of the fishing intensity 
011 the diIferent r:lonth:J :'::or .;~:y" following al ternati ves g 

a) No closed season 
b) Closed 80asons ::'n r.!ay and SeptGIllber 
c) Closed season fTOD 1 April to 15 June 
d) Closecl 8S::l80n .f::('\,]. 1 March to 15 June 

The yield curves Ocr0 S1-].C-'271 7.n Figure 10 Q The monthly fishing 
mortality Ior l-ringe:rs \'!flS set to 50~; of a duI t fishing mortality and 
at 10% of adult fishinC Dorts.li-c;r Ior O-ringers in July-September. The 
yield curve for alterE::,;tive 'b) :i..:J very close to alternative a). The 
expectod gains in yiS}Ji. ·by C~1_0j::;'-'i seasons are shown in the table below~ 

Yield per Recruit. Fadult = 1.0 
i ~1 

~ M = 0.1 

\

1 YjR I, % Incrense compared 
(g) with alternative a) 

I I 

a) No closed season 

b) Closed seGsons in 
}'Iay and SepQ 

c) Closed se!J:son f:,'om 
1 Apr. to 15 Jc:';1~ 

d) Closed seanon froD 

~ 
81..7 I 
82 .. 8 I 

85.2 

1 Mar. to 15 Jun~ 90.0 

1 .. 3 

4.3 

10 .. 2 
--'--. .-__ ....L... ________ . 

Using :H 
(Figure 10). 
alternatives 

= 0.2, t:'!s ~Tielc1. pGI' rocruit will be reduced by 
The relative increase in yield per recruit for 

b 9 C and d liill bc: almost unchanged. 

(iii) QU.9.t .§. .E.y_c,£t.§J?,'..2.riGE. 

.J 

about 20 g 
the 

The only practicnble dLtfe~C'ontiation of quotas by categories is 
that betw'een juvenile (O-and I-ringers) and adults (2-riTl..gers and Older). 
In Tablo 24 and Figure 9 p~edictions of catch and of stock are given 
for various levels of :fish:Lng sOJ:'-'cali ties on juvenile and ndul ts, 
respectivelyo 
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The present effect of the juvenile fishery is best illustrated by 
following say the 700 000 t total catch curve on Figure 9 from the 
present level of the fishing mortality of I-ringers Fjuv = 0.5 to a 
total ban on the juvenile fishery F-tt.V = 0.0. In the case of Fjuv = 0.5 
the catch in 1975 will decrease by 7% of the 1972 catch and the total 
biomass vTill decrease by 2%0 Taking the 700 000 t in 1972 as being 
exclusively adults (2-ringers and older), one would expect an increase 
in catch in 1975 of 25% and an increase in biomass of 6%. The optimal 
fishing mortality is about F = 0.4 on the yield per recruit criterion 
with a total ban on the juvenile fisheries. This indicates a catch 
quota for 1972 of 318 000 t with an increase in catch of 160% in 1975 
(Le. to 826 000 t) and an increase in biomass of 139%. 11 higher 
value of M than 001 will decrease the expected gain as illustrated by 
Figure 10. 

VII" North"llTeste-rn Boundary of the Quota Area 

The area to the "rest 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 taken in that area vTaS 9 
until 19659 comparatively small, averaging less than 10%. Since 1965 
this proportion has increased considerably and in the 1968, 1969 and 
1970 seasons other countries fishing in the northwestern North Sea 
have also taken an increasing proportion of their catches from west of 
Shetland. In 1970 and 1971 the fishery to the west of Shetland extended 
further west than in previous years and appreciable catches were taken 
west of 4°'l:[ - the western boundary of the ICES North Sea statistical 
area IVa. Table 25 gives the catches taken in area VIa and in area 
IVa.~v annually in the period 1965-1971. The catches taken in area 
VIa have increased steadily during this period 'tvi th particularly large 
increases in 1970 and 1971. The increased catches from this area in 
these years were largely due to the entry of Norwegian9 Faroese and 
Icelandic purse-seine vessels fishing just west of the 4°I:J boundary 
in the vicinity of Rona. 

a) Catch statistics 

The catches taken by the Scottish and Norwegian fleets from the 
northwestern North Sea and that part of the Faroese, Icelandic and 
Svredish catches landed in ])enDark from this area in 1970, are given in 
Table 26a by months. These have been sub-divided into three areasg 
west of 4 0'ltJ, from 4 O~{ to the west coasts of Shetland and Orkney, and 
to the east of Shetland and Orkney. In 1970 91% of the Norwegian catch 
from the Shetland area was taken from the grounds to the west of 
Shetland and 60% of the Scottisl'l catch from this area. Of the Icelandic ~ 
Faroese and Swedish catches landed in ])enmark9 0nly about 20% of the 
northwestern North Sea catch came from these western grounds, but it 
is possible that this is an u.nderestimate of the true proportion, in that 
catches froD these western grounds were Dore likely to be landed in 
Faroese or Scottish ports than in ])enmark. 

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

b) Age composition 

The age composition of the catches of the Scottish and Norwegian 
purse-seine fleets in 1970 and 1971 in the three areas used for the 
catch statistics are given in Table 26b o In 1970 the age compositions 
for the three areas are in substantial agreement in shoi,dng that the 
catches 'tv-ere predominantly conposed of 3 and 4 year old fish. The 
higher proportion of 3 year old fish in the East Shetland area in that 
year could be a reflection of the fact that most of the age sampling 
in that area was done in August l·vhen the proportion of younger fish in 
the Shetland catches is generally higher. 
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In 1971, however, although the age compositions of the catches 
from the two areas west of Shetland are in very close agreement~ the 
east Shetland catches again showed much higher proportions of young 
fish and in that year sampling in the three areas was distributed over 
the same time period. 

The scarcity of fish older than 5 years in the catches from all 
three areas Dakes it appear unlikely that an appreciable component of 
the population in any of them is derived from the r1inch stock which 
still contains a higher proportion of older fisho 

c) r1eristic characte~ 

The data available on the TIeristic characters of the herring 
populations in this area are given in Table 26c. The fish caught to 
the east and to the vlest of Shetland have very sinilar vertebral and 
keeled scale counts. HOVTever~ rUnch 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 stocksj or are a [;lixture of the two. The mean L-l data 
given in Table 26c show that in this character there is no significant 
difference between the east and west Shetland herring, but that both 
have significantly higher values than fish from the 1-1inch. 

VIII. Discussions 

In the previous Report, (Coop. Res. Rep., Ser. A, No.26), particular 
attention was dravm 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 of the adult stock in the southern area 
was follov.Jed somewhat later in the central North Sea and finally in 
more recent years in the northern North Sea. It was noted that the 
decline in total catch since 1965 had not been as rapid as might have 
been expected froQ the reduction in catches of adult herring, and it 
'was concluded that the real state oI the North Sea stock was masked by 
the increased exploitation OI herring beIore their first spavming and 
by the shift oI the fishery to more northern areas. 

These conclusions have been Iurther strengthened by the evidence 
of the Iisheries in 1969-1971. The North Sea catch was reduced to 
about 550 000 tons in 1969 and 1970, while a fvxther reduction to about 
510 000 tons took place in 1971. In these years there was a Iurther 
expansion OI the juvenile Iisheries and an important part oI the adult 
catches were taken in the northern North Sea west oI Orkney and Shetland. 
This area was never exploited to that degree in previous years and the 
expansion of the fishery in this area has made the task of assessing 
the present state oI the stock even more difficult than beIore. 

The present assesSDent oI the North Sea herring stock is based 
on data on catch in numbers per year and per age group The quality of 
this material is very uneven from area to area and Irom one fishery 
to another. 

The [;lost comprehensive set oI data, available back to 1947, derives 
from the fisheries in the central and southern North Sea (area IVb and 
IVc)" The reliability of age and catch data fron the northern North 
Sea is rapidly deteriorating from west towards east. For the large 
fisheries in later years in Skagerrak, data are so poor that they had 
to be excluded Irop the analYSis n1together. 

It is not clear to what extent the exclusion of the Skagerrak 
area aIIects the analysis carried out. On the assu[;lption that the 
herring in Skagerrak is partly or vn~olly also exploited in the fisheries 
in the north Sea proper, and that the age distributions in the two 
areas are Similar, then the effect of the Skagerrak fisheries will be 
measured within the values of adult fishing nortalities obtained from 
the total North Sea data. The effect of excluding the Skagerrak catches 
of juvenile herring would be to underestimate the stock size of younger 
age groups, especially in the mid-sixties. 
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The reliability of the stock sizes and fishing mortality estimates 
derived from the VPA analysis are to some extent dependent on the 
initial values of F and M chosen o In the past the natural mortality 
11 for north Sea herring has often been quoted at a value of about 
11 = 0.2.. There is, however, other evidence from mortality on effort 
studies vThich suggests a o.uch 10vIer value, less than 0.10 for adult 
herring. From the total north Sea adult catch per effort data presented 
here, a rather siLlilar figure could also be derived. The effect of 
alJplying r·f = 0 .. 2 instead of 0.1 ivill be to decrease fishing mortality 
estimates and to incrense those of stock size. 

It could be argued that it i'lould be more realistic to use a higher 
M in the juvenile herring than the value of 0.1 in this analysis. 
This refinement has not been attempted, but its effect would be to 
increase recruitment levels and consequently subsequent stock levels. 

The initial inputs of F for the oldest age group in each year 
class have been nade by reference to estimates of total mortality from 
the catch per effort data.. -L'ittempts have been o.ade to check the 
conclusions froril the VPA vIi th estimates derived froo. the more conventional 
types of analyses using catch per effort data. According to the VPA, 
fishing mortality on the adult stock has increased by about three times 
between 1949 and 1967c If the more recent catch per effort mortalities 
of the order of F = 1.,0 are conSidered, the increase is greater than 
three times. This relative change in fishing nortality is also 
reflected in the reduction in catch per effort of the same order for 
the total North Sea using the Dutch traw'l fishery data based on a duI t 
herring.. The index bnsed on drifter effort shows less reduction in 
catch per effort .. 

In the young herring fishery, Qortalities increased as the fishery 
developed (luring the 1950 t s and early 1960 f s, but since 1964 they appear 
to have stabilisecl nt about F = 0,,5 .. 

For all three indices of abundance fron drifters/trawlers and 
Danish young herring trawlers there has been an apparent incrense in 
fishing rilortality generated per unit catch per effort of the order of 
2-3 times over the periods for which data are available. In the case 
of the Danish vessels this o.ay in part be interpreted as an increase 
in efficiency~ 

The apparent increase in efficiency for drifters and trailTlers 
should not be interpreted as being solely due to improverilents in their 
01n1 technique. It reflects an increase in efficiency in any gear units 
within the total liforth Sen fleet. 

The VPA analysis for the total liforth Sea shows a decline in adult 
stock (>l-ringers) of about three tiriles since 1947.. This is similar 
to the estirilate froo. catch per effort. The total stock has remained 
fairly stable, being supported by a number of good year classes entering 
in recent years. 

The level of recruitment in this analYSis is determined largely 
by the 'young herring catches in area IVb. It has been shovTn that the 
estimates of North Sea recruitment as I-ringed fish are closely 
correlated with estimates froo. catch per effort data froo. the adult 
fisheries. 

The changes recorded in adul~ stock, fishing mortality and recruit
ment obtained froo. the VP~~ have so~e support froril other abundance 
indices. The techniques used, as for exanple in the GstiBate of total 
North Sea fishing effort~ are crude and open to objection; the catches 
in numbers of fish per age grouP9 used in the VPA 9 are in soo.e cases 
derived fron ve~J poor naterial. However, independent evidence from 
adult herring tagging has supported the stock levels obtained in the VPA. 
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The predictions of catches and stocks under a range of fishing 
illortalities are dependent on the future level of recruitment. Attempts 
have been made to assess the strengths of these incoming year classes 
from a number of sources. These show that recent recruitment levels 
are higher than the long-term means. 

As shown in Table 24~ if the current estinated levels of fishing 
mortality are maintained in 19721 the total catch will be about 
820 000 tons, this increase above the 1971 catch level reflecting the 
high recruitment levels from the 1969 and 1970 year classes. In practice 
it is difficult to predict what the total catch vrill be in 1972 because 
it is impossible to forecast the effect of the closure in force in that 
year on the nortality levels. The effect of this may be snaIl as it 
has not so far been possible to show any significant effect of the 
1971 closures on the Dortality levels in that year. If Dortality 
is maintained at the current level in 1972 and in subsequent years, 
the prognosis shows that by 1975 the catch and the stock 1I1ill have 
declined by 18% and 15% respectively. 

For the DOvms herring9 evidence has been presented that both 0-
and I-ringed herring abundances are correlated with larval abundances, 
these in ttITn reflecting the spavming stock size. The 1971/1972 DOifllS 
larval production was extremely 101l! and comparable with the lowest 
periods of stock size in 1964-1965. Thus, the forecast of average 
recruitment for the total JlTorth Sea of the 1971 year class may not be 
valid and as a consequence the stock levels in 1975 may be overestimated. 

From the yield per recruit curves it is clear that the maximum 
sustainable yield is obtained with F of about 0.3 - 0.4. This was the 
level of fishing mortality in the period 1949-1953 when the total 
adult catches were of the order of 600 000 tons. At the present catch 
levels of about 550 000 tons of both juvenile and adults, the fishing 
rJortali ty was of the order of 10 O. 

IX.. Conclus;ons 

a) Overall quota 

The Working Group found that the naximum sustainable catch of 
North Sea autumn Spa1n1erS is obtained at a level of fishing mortality 
of 0.3 - 0.4. From the data nvailnble the present level of F is about 
0.8 - 1.0. PrognosiS of future catch and biomass indicates that at 
this level of fishing mortality the point of balance between increase 
and decrease is reached. Considering the error on the estioates, it 
is likely that a further decline both in stock size and in catch could 
be the effect of n high sustained F. A reduction of F to that corres
nonding to the level of maxirmm sustainable yield 'would thus require 
; decrease in F of about 507& or a catch level in 1972 of about 400 000 
tons.. Hith no reduction in 1972, the required catch level in 1973 
would be about 425 000 tons. 

b) Di~ferential conservation neasures 

The '\rJorking Group concluded that quotas by season and by category 
were practicable. The largest gains would be obtained from restricting 
fishing to the second half of the year combined with a quota for the 
fishing period. Hore severe restrictions on the fisheries for juveniles 
would lead to relatively higher gains for all combinations of these 
measures. 

c) vlestern boundary of North Sea herring stocks 

On the basis of the available data it is not possible to state 
categorically where the western boundary of the North Sea herring stocks 
should be drawn. 
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Explanatory Notes to Tables 1 - 8 

Table la. 

Data from Belgium, Denmark, France, Poland and Sweden according to 
Coop. Res. Rep., Series E, 1965, Annex II, Table 9. Data from England, 
Netherlands, Norway and Scotland submitted by i:lorking Group ~1embers .. 
Data from Germany according to Statistical News Letters, No. lIE, 1961. 

Table Ib .. 

Data derived as listed below under each country.. The Kattegat 
catches are according to Danish national statistics and information from 
the Swedish laboratory at Lysekil. 

Table 2. 

1947-1954. Catches for northwest and northeast are derived from 
Statistical News Letters llA and lIE. The national distributions of 
catch by area in some cases refer to all catches and in others to a large 
sub-sample of the catches. 

Catches for central and south are taken from Cushing and Eridges 
1966, Appendix 4~ The catches for the south refer to the seasonal 
winter fishery and not the calendar year. 

Catches for the industrial fishery are derived from Coop. Res .. 
Rep. Ser. E, 1965, Annex II, Table 12. 

The catches for the Skagerrak for some countries also include 
Kattegat catches, (Eull. State). Taking the catches ascribed to areas 
for the North Sea, their total covers an average of 98% of the annual 
catches given in Table 1 for the period 1947-1954. 

1955-1959. Catches for the northwest, northeast and central are 
based on data in Cushing and Bridges (1966). The Swedish catch from 
region IVa (Eull. Stat.) was regarded as taken in the northeastern area. 

Catches for the south and the industrial fisheries are derived 
from Coop. Res. Rep. SerB E, 1965, Annex II, Tables 11 and 12. 

1960-1968. Data from Coop. Res. Rep. Ser. A, 26. 

Skaeerrakg 1955-1971 data from Danish national statistics and from 
the Fisheries Laboratory at Lysekil. 

Industrial Fishing~ These data refer only to the juvenile herring 
catches in area IVb by Denmark and Germany. 

Eelgium 

All data derived from "Bulletin Statistique IY • Catches from division 
IVa for 1960-1968 are ascribed to IVa west of 2°E~ 

Denmark 

All data used in the tables are based upon Danish national statistics 
(Popp I-Tadsen).. Catches from division IVa are ascribed to IVa east of 
2°E for 1960-1968. Catches from division IVb (Yov~g Herring Fishery) 
have been reduced for content of other species (1960 to spring 1965 by 
5%, autUTIhL 1965-1971 by estimates from individual years; Popp Madsen). 

England 

All data derived froI'l "Eulletin Statistique"" Separation of catches 
in division IVa east and i-Test of 2°E according to national statistics. 
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Faroe Islands 

Catches only from division PTa according to tlJ3ul1etin Statistique"" 
1:.scribed to IVa ",est for 1960-196G. FrorJ. 1969-1971 the distribution 
of-catches to fishing areas are based on landings in Danish ports. 

France 

The data given have been supplied by the l1Institut des Peches ii
, 

::Soulogne s j}fer • 

German Fed.R. 

All data are according to German national statistics (Schumacher). 
They are compiled by ilBundesforschu....'I1gsanstal t fifr Fischerei if, 
Hamburg, according to log books. 

Iceland 

All data derived from ilBulletin Statistique l1
• Separation of 

catches in division IVa east and west of 2°E are according to Icelandic 
statistics for 1960-1969 and according to landings in Danish ports 
for 1970-1971. 

Netherlands 

All data derived from ¥lBulletin Statistique ii
• Separation of 

catches in division IVa east and west of 2°E are according to Dutch 
national statistics. 

Nortmy 

The data are according to Norwegian official statistics. The 
separation of catches is based upon the statistics of the fishermen's 
organisations. Catches in inshore waters are not included. 

Poland 

All data according to llBulletin Statistique". Separation of 
catches in division IVa east and west of 2°E is according to Polish 
national statistics. 

Scotland 

All data are according to "Bulletin Statistique il • Separation 
of catches in division IVa east and west of 2°E is according to 
Scottish national statistics~ Catches from the }foray Firth are not 
included. 

Sweden 

Data according to Swedish national statistics (Ackefors). 
Division IIIag Data obtained from proportion of Skagerrak catches 
in Swedish landings in Danish ports applied to total Swedish landings. 
Separation of catches in division IVa east and west of 2°E. According 
to Swedish national statistics 1 but is supposed to be rather unreliable. 
A greater part of the landings presumably comes from diviSion IVa, west 
of 2°E. 

U.S.S.R" 

All data according to "Bulletin Statistique". Separation of 
catches in division IlIa Skagerrak, IVa east and IVa west of 20E 
are according to Soviet national statistics. 
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Table 10. Percentage of Spring-Spawned Herring in the Northwestern 

North Sea, Northeastern North Sea and the Skagerrak 

Northwestern Northeastern Skagerrak 
Y North Sea North Sea ear 

1960 
1961 
1962 

1963 
! 

1964 I 
I 

1965 ! 
1966 

1967 I' 

1968 I 
1969 I 
1970 
1971 

. 

Norwegian Scottish I Norwegian Danish Scottish I Norwegian 

16.5 
26,,4 
20 .. 1 

24.2 
10.7 

3047 

12 .. 9 

4 .. 9 
4,,0 

26,.6 
25 .. 8 
10,,5 

12,,3 

21.,7 

23.5 
2$ .. 1 

43 .. 9 
9 .. 0 

23@4 

14 ... 8 
8 .. 4 
9 .. 1 

21 .. 3 
18,,4 
13 .. 3 
32.5 

22 .. 1 

8 .. 5 

14 .. 4 
15,,6 

28 .. 4 
21 .. 7 

6 .. 9 
3,,0 

34 .. 2 

2;,,6 
3;,,6 

35 .. 6 
3,,0 

13 .. 0 

19 .. 0 

Table 11. Skagerrak. Catch in 1 000 tons 

5,,6 

5.8 
7,,4 

10 .. 4 
6.1 
6,,9 

16,,6 

[)!I 1 Swedish Catch 
[ Total Denmark Landed in lITorway co:~~~es, 
i Ca"Cch % of Total Denmark I 

I Catch North Sea I !\ '-I 
1 I + Skagerrak; C I C I C+1 C! 

T 

j 75~8 
I 85.2 

[:;"04<"2 
I 

! 11'~ 2 ! .o.? .. 

j09.8 

256.7 

9 .. 8 

10.9 
14 .. 2 

15.4 
11.,8 

7 .. 8" 

15 .. 9(6 .. 3) 

27 .. 8(49)" 7.4 
44.9(53) I 7.2 
62,,8(54) 13 .. 0 

89.2(43) 12Ll 

17e2(6.1) 12.3(59) 
15,,0(8.4) 80 .. 3 

0,,'8 

1.2 

3.3 
6 .. 3 

2 .. 6 

4.6 , 
5 .. 0 

11..0 

85.9 
83,,9(7.6) 

I 
! ! 21.,8 

15.6 I 
12.3 I 
19,,7(6 .. 5) I 
37 .. 4(6,,6) I 

I 3L1(8.0) 
(:6 144.7 

279.7 

18.4 
26 .. 4 
18 .. 0 

13,,9 
28 .. 7 
28 .. 1 
,17.2 

1L4 
ILl 

6 .. 5 68'" 7 

16 .. 1 84 .. 7 

24,,4 
24 .. 9 
15 .. 6 
28 .. 4 
18.0 

19.0 

32 .. 6 
21.,5 

10,,6 

15 .. 9 
22.0 

130 .. 4(9.5) 

95.0(10 .. 2) 
71..9(10 .. 5) 

12 .. 9(6.9) 
39,,6(9.0) 

I 
I 
j _,8 

:"69 

'170 

=-971 

280,,0 

113.3 

70.5 
64.2 

8 .. 5 35 ... 1 

10.2 
1 .. 6 

2 .. 5 

47 .. 7(39) 

128 .. 5 (38 ) 

24 .. 9 

Figures in brackets: mean number per kg 

C: Herring for human consumption 
I: Industrial catches 

6 .. 6 14 .. 0 

7,,0 
6 .. 0 

24.5(8,,9) 
I 15 .. 8 
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Footnetes to Table 12. 

1. 

2. 

3. 

4 .. 

5. 

6 .. 

7. 

8. 

9. 

10. 

11. 

Catch Per Unit Effort in Drift-Net and Trawl Fisheries in 
the Southern, Central, Northeastern and Northwestern North Sea 

United Kingdom catch per arrival in May-September (tons). 

Netherlands catch per 100 hours! fishing by a standard (500 BHP) 
trawler in July-September (tons fresh i<Jeight)" 

Polish catch per shot in April-July (tons)e 

Netherlands catch per 100 hours· fishing by a standard trawler in 
January-April (tons fresh ;,,,eight). 

German lugger trawl, catch pSI' day (only catches with over 6~ herring) 
(tons). 

Netherlands catch per shot (tons) (r,1ay-September) & 

United Kingdom tons per landing for central North Sea mirt-net 
fisheries (May-September). 

Netherlands catch per 100 11011::'8 f fis11:'12& by a standard trawler 
(tons fresh weight) (August-October). 

United Kingdom catch per :211ot (-~ons) (October-December). 

Netherlands catch per 100 hO"-1:'.:'8 rr fishing b;:l a stanc.ardtratlYler 
(tons fresh weight) (l~-ovember-D(~cem ber ) .. 

Danish catch per hour (tons) in the im~att~e herring fishery in the 
B10den area .. 
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Table 14. Estimates of Total North Sea Effort on Adult Herring 

and Relative Cha~~es in Efficiency 

Drift l3r I Tr81·rl 

Year FvPll. I r Hours I . i 
Landin3s Cne IEf£iciency I Fishing Cpe Efficiency I 
x 10- .. F/Cpe x 10-;05 ! F/Cpe 

! 191.6 3$061 I I 
1947 - 3,,39 175.8 

I 

1948 - 166.6 3,.00 I 4.68 107 .. 3 
. j 

5 .. 97 I 85.11 1949 .. 08 205 .. 5 2 .. 461 ,,0325 
1950 ,,19 157 .. 1 3<> 09 1 ,,0615 6.16 I 79.0 I 
1951 I .34 I 195.1 .. 1197 6025 I 88 .. 9 i 2 0 84: 

1 
1952 .. 33 150 .. 1 4 .. 091 ,,0807 I 5 .. 63 1109<>1! 
1953 .. 38 169 .. 4 3,,65 ! .1041 7,,05 f 87,,9! 
1954 .. 45 149.3 .4049j ,,1002 9.35 I 71..4 
1955 .. 42 166.1 I 4~191 .. 1002 10 .. 10 68.7 
1956 .. 48 140 .. 5 I 4,,07 1 ~1179 9,,29 6' c;, 

.46 165,,5 I 3,,5'J I 7::; I 1957 .1314 7 .. 80 , , 

' 1958 .48 156.9 13&271 .1468 9 .. 34 54 .. 8 
1959 .50 174.5 130611 .1385 8,,86 70.91 

38 ~86'" :l: la I 1960 01191 10 .. 88 " J... f ,.l<>./ i 54,,8 I 

1961 1 ! I 
.48 I 254.1' I 2<>38 1 e2017 a 13.49 44 .. 71 

l 1962 .. 50 282.2 1087\ ,,2674 17.88 rt-. n- t 

1963 .. 31 1 199 .. 3 i 3~26 \ J)QC:;l 1 JL t:;,Il 

1964 .40 231.6 
1965 .77 322.2 
1966 .67 198.6 

f ... -.,., -" - -} 'fl' -' -~- 1 7-:!iII..... l 
- r,,~ I - '"'27 ~ - j - 1 ;)".::.0 i •• L.::._. """ , , I -

3 .. 21 1 .2399 
4·~:'7! ol607 _~~,~_ '--.,~_' 

1967 .. 70 155.1 
1968 1..0 227,,5 
1969 1..0 (>81..9) 
1970 1,,0 151 .. 1 
1971 1..0 ('>63.2) 

-; () ~ I 1~7'7 )90 ).:;. t G f J 

2,,(91 .. 3717 ;';:;'"..1.0 ..L") .. O f 

[~,.:;: ~ r\ I 21 
Iv./oJ.;J, -'-a 

I 3011;.j .. 3184 
l~"".':; i7;: C:\ ! 1 ~ 
i."-'0./ '.i! -), 

,.0009 
.. 0024 
.. 0038 
.0030 
.. 0043 
.0063 
.0061 
,,0078 
.0062 
.008S 
.. oa7! 
.0069 
.0107 

--- ~-

,,0079 

.0222 
~0227 

,,0412 

.. 0641 

.. 0495 

.0375 

.0401 

! 
! 

I 
I 
! 
I 

"---_-'-__ ..1..-___ -'1. ---'-------'-----L..-_-l ______ "-
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Table '7 .. Larval abundance in the North Sea ( = no observations) 

(Numbers x 10-9) .. 

I Southern1) Central North Sea 
Year I - 2).3) rgorth Sea Dogger Total 

1946 I 537 I - -
1947 596 - -
1948 l - - -
1949 1 - -- -
1950 -
1951 -
1952 -
1953 -
1954 -
1955 -
1956 -
1957 2 -
1958 95 5 5 2 -
1959 11 97 
1960 33 138 

1961 44 

19621 >30 
1963 22 

1964 I 9 

13 

~::~ I + 

86 

66 

52 63x ) 

275 490x ) 

3 142X ) 

1967 ! 
j 

26 0 275 
1 

1968 i 15-18 0 28 
1969 108 0 11 
1970 126 0 273 

Nerthwestern North Sea4) 
Buchan lorkneY-Shetland 

-
-
-
-

I -
900 ! 420 

890 ! 100 I 
2 110 940 

870 700 

20X) 700 

- -
300 -
220 2 800 

300 860 

440 640 

380 4 940 

400 720 

440 580 

920 880 

70 2 220 

10 680 

+ 440 

0 162 

3 212 

0 273 

Total 

1 320 

990 

3 050 

1 570 

720 

-
-

3 020 
11 160 

1 080 

5 320 

1 120 

1 020 

1 800 

2 290 

690 

440 

162 

215 

273 

1) Larval nbundance in Do,Vlls area in December-January. 

2) Abundance of larvae <11 mm in October on the vlestern and Southern 
slopes of Dogger Bank (Zij1stra). 

3) Abundance of larvae <10 mm in September-October in the central part 
of the North Sea .. 

t 

4) Abundance of larvae <10 mm in the Northwestern North Sea, apart from 
the Southern area (Buchan)~ the Northern area (Orkney-Shetland) 
a.nd the total :N'orthvrestern North Sea (Saville)" 

x) Incomplete data., 

+) Small number3. 
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Table 18. Recruitment Indices to North Sea Stocks 

! a~ar I (l/l~u~~~ran I (hund~:~! per 
iT ass I per arrival) I day f'ishery) 
i------+-------------j------.--.- --
I 1951 I 42 I 77 
! 1952 I 71 ! 235 
; 1953 I 50 ! 43 

1954 \ 73 I 63 
1955 i 17 i 148 
1956 j 194 373 
1957 T 42 20 
1958 22 126 
1959 14 7 
1960 170 256 
1961 70 74 
1962 52 87 
1963 180 259 
1964 51 27 
1965 61 38 
1966 97 65 
1967 114 70 
1968 
1969 

~----~ __________ . __________ -L ____ ___ 

Downs 
(hundreds 
per Shot) 

218 
109 
321 
243 

95 
180 

80 
366 

30 
180 
168 

30 
100 

68 
10 

330 
55 

Table 19. Year Class Size Compared with Spawning 
- Potential Parent Stock 

I VPA Spawning 
1 Year Number of Potential 
11 Class: O-group Parent Stock 

! x 10-~ Eggs x 10-12 
~-.---.- -;-.. -.---. -.-.- ---- .. -. --r- -----. - --.-- --

)
" 1947 1 5" 26 : 

1948; 4 .. 12 
t 1949 6.58 
I 1950 6.46 
i 1951 7.04 
I 1952 8.95 
. 1953 7.68 
i 1954 7e 61 
! 1955 4.86 

i 
1 

1956 21 .. 08 
1957 5 .. 89 
1958 7 .. 66 
1959 2 .. 00 
1960 16.67 
1961 7 .. 10 
1962 8 .. 73 
1963 10,,94 
1964 5 .. 74 
1965 5 .. 29 
1966 7 .. 63 
1967 7 .. 83 
1968 5.57 
1969 11.,77 

633 
738 
703 
670 
590 
528 
475 
452 
437 
412 
380 
314 
502 
432 
422 
314 
431 
478 
454 
354 
272 
200 
130 
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Table 21. Mean 1-leights (g) by Month and Age for Total North Sea 

1 AGE IN 1:JII-l"""TER RINGS 

Month I 0 ill 2 I 3 4 5 6 I 7 I 8+ I 
Jan. 

Feb. 

I;Iar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep .. 

Oct. 

Nov .. 

Dec .. 

- , 29 1 84 131! 159 195 207} 222 232 
I 

- I 29 I 82 112 142 161 1171 181 202 

I 30 I 94 I 121, 144 174 195 210 222 

34 1106 ! 1341 157 177 192 207 I 219 
40 1112 I 1461 169 190 205 219 231 

47 !147 I 175 I 197 218 233 247 258 
5 56 184 I 216 242 264 284 300 314 

7 64 170 I 205 1 230 252 273· 291 304 
15 70 l157 I 191 216 242 264 284 303 

22 75 1157 1 185 I 212 234 2551 272· 289 
27 77 1!144 I 166 l 194 I 215 232 248 260 

28 78 1133 160 I 187) 207 t 224 239 253 
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Table 23. Estimates of Relative Strengths of Latest Year Classes 

Source 1968 1969 1970 

English O{grp, Suryezs 0.44 1.00 0.54~ 

ICES Young Eerring 

Survey Feb/Mar. 0.38 1.0D 1.31 

Danish Young O/grp. Autumn - 1.00 0.96 

I 
Herring Ijgrp. Spring 0.38 1.00 1.37 

,Fishery Ijgrp. Autumn 0 .. 45 1 .. 00 -L_ 2jgrp", Spring I 0 .. 48 I 1 .. 00 J -__ --' 

~ English coastal abundance underestimated compared 

with 1968 and 1969. 
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Table 24. Tnitial catch levels (1972) and percentage increase in catch and 
biomass 1972-75. 

Juvenile mortalities (1- ri.nRexs) 
,-- ! i I I 

.0 1.1 1.2 I ~3 I .4 1 .. 5 .. 6 1 .7 ,,8 

o r~ 50-~1 95 136 173 238 266 292 
.0 I I -33 I -34 -34 -35 -36 -36 -37 . 

. 403 I 365 I 331 300! :..m 226 206 188 
92 141 I 187 228 265 330 B58 

.. 1 I 298 I 161 j 100 66 43 16 8 
__ --'-t~3.:;.;::06_=__ .. ~?_75 I 246 221 198 158 1.d2 

;84 
1 

127 
··-T·---.--.-~~ ~l 

175 224 270 I 311 11 348 , 382 -, 413 441 
.2 241 159 110! 79 56 i 39 I 21 16 

1 __ --' 234 207 183, 162 t 143 ! 125 . 110 95 
r-2~-r·300 1 345 I 386 423 451 488! 516 

.. 3 I 196 I 137 I 99 I 71 51 I 35 I 23 13 
~157 , 137 1118 102 B7 14 I 62 

~~~ I 368 I 413 454 491 I 525 556 I 584 
.. 4! 160 I 114 82 I 59 41 27 I 16 I 6 

1 139 ! 119 I 101 i 86 71 58 i 47 I 37 
380 11 430 I 475 516 I 553 ' 587 I 618 I 646 

.. 51 131 93 I 66 46 30 17 7 -1 
1-.......... 1107 ! 90 + 75 61 48 37 2? 18 

.~. . 436 11 486 I 531 572 609 643 674 702 
'ci .. 6 107 75 I 52 34 20 8 -1 -9 
rei 83 67 i 54 42 31 21 12 4 

~- fJ I-~ 487 -.-- 537 -~ I 582 623 660 694 753 

542 -I 

5i I 
6~ 
27 -1 J 

I 671 t 

1 -8 
10 

I 
728 
-15 
-3 

779 
-22 ~+7 87 60 40 23 11 0 -16 

~ 63 50' 38 27 17 8 -7 
-,~ 533 583 i 628 669 106 I 740 799 825 

-13 

I e8 71 47 29 14 3 I -7 -21 -27 
~ 48' 36 25 ~~_ 6 ! -2 -9 -15 -21 

m 575 625 I 670 710

LL
1 748 1 782 813 841 867 

~ .. 9 58 I 36 20 7 -4 -13 -20 -26 -32 
_~ 36 _~_+--12. 6 -2 ~ ~ - -16 -22 -2 

t I 613 662' 708 749 I, 786 I 820 851 879 905 
~ 1.0 47 27 12! 0, -10 -18 -25 -31 -36 I 
~ I 26 16 __ -1-+ -1 . -9 1 -15 . -21 -27 -ij 

I ~ ! 647 697 'I' 142 I 783 821 1 855 ! 885 914 939 
~ 1.1 38 20 t; I -5 -1~ j -~~ 1 -29 -34 -~9 1 

1 .. 2 

1.3 
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Table 26a. Distribution of Catches in the Shetlaad Are~ 
in 1970 by Scotland, llorwa;r, Icelall1~, Faroese 

and . Sweden 

Between 4 ow_ l. 

I 

West of West of Orknel" 
! Ea~t of Ork:nel" 

Month 4°W and Shetland. .. I- and Shetland 
, 

Apr .. - I 340 911 
Mal" I - 4 211 3 812 
Jun .. 8 017 72 712 650 
Jul. I 14 565 59 915 9 177-
Aug .. 5 523 8 957 4 370 
Sep .. - 801 7 073' 
Oet .. - +31 7 138 
Nov .. - - 6 431 
Dee ... - - 332 

Total 28 105 I 147 067 3J 954 
~-

Table 262." Percentage Age Compositions (Horwegian and Scottish Data) in 
Three Areas of Shetland Fisher;y in Apri1-August 1970 - 1971 

WIlr.I!ER RIlfGS 
Yea:r Area 

1 2 I 3 4 5 6 7 8 )-8 n 

! 1fest of ,4°W - 41 .. 2 43,,3 4 .. 3 3 .. 5 6 .. 0 0 .. 6 1.0 0,,2 8~,O 
J I 4 "1'T-1iest of 

54 .. 5 31 .. 2 5 .. 0 3 .. 4 0.7 0 .. 8 0.7 564-1970 Orkney and - 1 .. 1 

1971 

"Shetland 

East of 
Orkney end - 79 ... 9 15 .. 5 2 .. 0 0.4 1 .. 0 0 .. 5 0 .. 4\ 0 .. 5 2 017 
Shetland 

I -\ 1?est of 4 Oij 0 .. 2 14 ... 6 52 .. 5 21 .. 8 3 .. 0 4 .. 9 1.1 0 ... 9 \1 .. 1 467 

4 ~~-1'Test of I 

Orkney and - 12 .. 1 52 .. 7 19 ... 4 4 .. 2 6 .. 1 3 .. 6 1,,81 - 199 
Shetland 

Eas·~ of' 
Orkney and 10 .. 4 36.1 41.0 10 ... 2 0 ... 7 0 .. 2 0.8 0 .. 3 0.3 1 709 
Shetland 

- --

~e 26c. Mean VS, 1:2 and L-l, Characters of Herring Samples 
from West Shetland, East Shetland and Mlnch Grounds 

West Shetland East Shetland Minch 

VS 1:2 L-1 VS I K2 L-l VS 1:2 t-l 

56 .. 53 15,,11 I 56 .. 51 i 14 ... 19 56 ... 51 13 .. 66 
I 

14,,14 14.93 14 .. 19 I < -

~ 

I 
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Figure 3. Total mortality, approximated by l/cpe, on total effort (Dutch trawl). 
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Figure 4. Spawning potential of North Sea 
herring stocks 1947 - 1969 in per 
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Figure 5. Regression of recruitment at 3 years of age estimated from VPA on estimates 
from catch-effort data. 
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Figure 6. O~group recruitment (derived from VPA) on spawning potential. 
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Figure 7. Abundance of O-group herring along the East Anglian coast and the 
abundance of low mean length I-group herring from the International 
Young He~ring Surveys plotted on Downs larval abundance. 
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Figure 8. Abunda~oe of low mean length I-group herring plotted against 
abunda~ce of East Anglian O-group herring. 
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APPENDIX I 

Notes on the Virtual Population analysis and the Cohort 
Analysis 

by 

Hans Lassen 

The Virtual Population Analysis (VPA) (Gulland, 1965) and the 
Cohort Analysis (CA) (Pope 9 1971) estimate for an exploited year class 
the fishing mortality Fi and the stock Ni at age i9 provided that the 
natural mortality M and that the fishing mortality Fn for the oldest 
age group is known" 

A brief review of the methods are given in this appendix together 
with some recent evaluations of the errors inherrent in the methods o 

Let the catch in numbers of a year class at age i be Ci~ then 
according to Beverton and Holt (1957)~ 

Fi 
Ci := Ni Fi + M ( 1- exp (- Fi - M) ) 

Defining 
D eo 

Vi = 0 'I::
o 

Ci 

and 

J=3. 

D Vo 
Ei:= 3. 

Ni 

it follows thatg 

Vi + 1 

Ei + 1 0i 
= 

(Fi + M) exp (~Fi - M) 

Fi (l-exp (=Fi -M) )~ 

LIJ 

L2J 

L3J 

L4J 

If Ci' j=i, i+1, n, Ei+l and M are known~ F. can be found from equation L4~o 
The Newton=Raphson iteration is a sufficient and effective solution- method 
for this problemo Continuation of the analYSis requires Ei as defined 
by LlJo It can be found using f:2J and L3J 

ZO 
Vi = Ni Ei = Ci + Vi+l - 3. = Ci + Ni e Ei+l 

and by LlJ one finally gets 

F· 
E· = 3. ( 1 - exp (-Fi -M) ) + Ei+l exp (-Fi - M) 

3. ~+R 

The stock in number Ni is then found by t:3~ 

Pope (1971) has developed a modification (the Cohort Analysis) of the 
VPA based on the approximation 

sinh F/2 
""" F -sinh (F+MJj2 F+M 
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which, according to Pope, is usable up to values of M = .3 and F = 1.20 
He derived simple expressions for calculating the fishing mortality 
coefficient Fi and stock size Ni~ 

Fi := In (Ni/Ni +l ) -M 

and 

M/2 M 
Ni = Cie + Ni+l e 

The advantage of using the VPA is that F in a fishery where Fi is 
changing with time may be estimated for a given age group in a given 
year without the use of effort data. 

The main disadvantage is that unknown and often considerable errors 
may be introduced due to uncertainties of M and Fno 

Pope (1971) has discussed errors in Fi and Ni arising from incorrect 
ohoice of Fn and from sampling errors of Ci. Agger~ Boatius and Lassen 
(1972) have discussed errors in Fi due to inacourate guesses of Mc 

The results oan be summarised as follows: 

a The relative errox f~om incorrect ohoice of Fn: 

(J (Fi ) = I;) (Ni) 1- exp (-Pi) 
A 

F· N· 1, 1, Fi 
A 

where Fi is the estimated value from CA and Fi is the true 
value both of fishing mortality. 

b the relati~'error from sampling errors in Ci: 

c 

o (Ci) 
""" 

o (Fi ) 

Ci Fi 

the relative error from inaocuracy in M is found to bias 
the Fits with 25% provided M is known! OQl and F~s ~ 0070 
The effect is inoreasing for smaller FUSe 

Referenc.es 

Agger, Pe~ Boetius~ le and Lassen, He Je du'Conse (In press)o 
Beverton, RoHsJo and Holt~ Se nOn the Dynamios of Exploited Fish 

Populations". Fisho Rese Sere lI~ XIX. Her ~~jestio Stationery 
Offioe, 19570 

Gulland, J cA" rlEsti¥J,ation of M0rtali ty Rates '! e Annex to Arotic Fisheries 
Working Group Reporto ICES CoM,,1965 Noo3 Gadoid Fisho 

Pope~ JoGo "An Investigation of the Aocuraoy of the Virtual Population 
Analysis"" ICNAF, Res o Doc~~ 1971" 
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Footnotes to Apendix II 

le Submi tted by 1iIembers of' the vJorking Group. 

2. From data submitted on STATLANT form 27A. 

3. Faroese catches reported to be 30 800 tons. Landings in Danish 
ports 31 271 tons used in the table. 

4. French landings at Boulogne-sur-Mer data submitted by A. Maucorps 
I'TeJ:'e raised by 1.25 to include the total French catches. 

5. Icelandic total catches? excluding Skagerrak9 were 47 938 tons. 
Of this 9 5 600 tons were caught l>Test of 4 '1J. The remaining 
42 338 tons were distributed according to landings in Danish 
ports from Division IVao 11 and IVb. The Skagerrak catch was taken 
as the landings in Danish ports. 

6. Swedish North Sea landings of herring for consumption, 6 880 tons s 
distributed according to Swedish landings in Danish portsg 

IVa.l-,J 
IVb 

727~ == 4 954 tons 
28% == 1 926 tons 

S't'ledish landings for consumption from the Skagerrak: 11 263 tons 

Total Sw"edish landings for industrial purposes g 38 500 tons 
according to Ackefo:cs , were distributed as :follows~ 

north Sea IVb 
Skagerrak 

30 000 tons 
8 500 tons 

7. English catches do not inclua_e coastal stocks. 

8. Scottish data do not include catches from the Moray Firth. 




