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RELARICISEIR OF PAREIT STOCIHK SIEZEE AIID YEAR-CLASS STRENGTH TH

HORWEGIAN SPRING SPAWHING EERRING

IHTRODUCTION

The attempt to gain a better understanding of the recruitment
problem of marine fishes has been approached in several ways,
Theoretical comtributions tc the study of the inter-relationship

between the sime of the parent stoclkk and recruitment have been

“

published (e,g, Ricker 1954, Beverton and Holt 1957, Cushing 1968},
and extensive larval siudies have been carried out at several labora-
tories {(e.g., Blaxter 1965, Hempel and Blaxter 1963, Ahlstron: 1954,1965)
in order to elucidate the fluctuations in vear-~class strength, Factors
controlling the recruitment mechanism in the adult stocks and the
effect of fisheries on immature fislh: are problems frequently being
investigated (e.g, Cushing 1962, Zijlstra 1963, Anon,1965).

The annual number of fertilizmed eggs and the subsequent number of
yvoung fish (the recruits)arc related in some way to the abundance of
the spawning stock, The nature of this relation is not known, 4 marked
relationsiiip between the annual number of eggs produced (the spawning
potential of the parent stock) and the number of subseguent recruits is
demonstrated for some species of fisk with low fecundity, e.g. spurdog
Holden 1968). Similariy an indication of such a relationship is foun

in some relatively small stocks of Pacific herring (Clupea pallasii

Valenciennes) in British Columbia (Taylor 1963) and in the Downs stock
of herring in the North Sea (Burd and Holford 1968), but noc trend of
decreasing recruitment with decreasing spawning stock hras as yet been
demonstrated for the other major stocks of herring in the North Sea
(the Buchan and Bank stocls; and in the Horwegian Sea (the lorwegian
spring spawning herring). However, within the range of population
sizes for which data have been available for these stocks, a relation-~
ship between the spawning potential of the parent stock and subsequent
year-class strength is difficult to trace due to the variation in the
normally high natural wmortality of the very voung stages,

In the present.paper vear~class strength as adults and before the
Lherring are subject to fishing (at about six months of age} is com~
pared with the parent stock size, The gpawning potential c¢f the parent
stock is compared with subsequent larval abundance and figures of
mortality for larvae cocllected in spring of 1968 and 1969 are presented,
The predator effect during the egg stage and early larval development
is discussed, and some concluding remaris are givenn on the probability
of the spawning stock to produce numerous year-classes when the stock

size fluctuates at the present low level,.



MATERTAL AND IETHCDS

The major part of the data are obtained from:
1) tagging experiments carried out in 1552-1965%

Y > 3 L 3 .
2) samples of herring collected during the Horweglian winter

ot

rerring and young and adolescent herring fisheries in
L]
1947~1970;

~group fish surveys carried out in 1959-~1960%

l§

&)

3)
L) surveys conducted during and subsequent to spawning and
hatching in 1968~1970)

5) official fishery statistics,

Adult herring

Results of the extensive tagging experiments comducted by the
Fisheries Research Institute, Revkjavik and Institute of MHarine
Research, Dergen are published by Fridrilisson and Aasen (1950,1952),
Dragesund and Jakobsson (1963), Dragesund (1970&). The methed used to
estimate the adult stock size from tagging experiments has been described
by Dragesund and Jalzobsson (1963). Istimates available for the period
1952-1965 are given by Dragesund (1970a),

In order to analyse the year by yvear variations of the spawning
potential, the stock size in toms in different years were converted to
numbers of fish by length (Dragesund 1970&}. With data on fecundity
by length (Baxter 1959, Parrisl and Saville 1965) the number of eggs
deposited each vear could be calculated, The sampling procedure for
age, length and weight determination of adult herring during tie
Norwegian winter herring fisclory{tie spawning season) is described by

Dragesumnd (1970a).

Young and adolescent herring

The material of young and adolescent herring includes data from
acoustic surveys and herring sarmples, The method used for estimating
O-group abundance at about six months of age is described by Dragesund
(1970b), where estimates of the year-classes 1959-~1965 are also given,
Tor those of 19656-1969 data are available from the international
O-group fish surveys (Anon, 1966,1967,196%9a,1969b),

The age coupositions of young and adolescent herring are from reports
published by Dragesund (1963,1970b> and from unpublished records availa-~
ble at the Imstitute of Marine Research, Bergen,

Eerring eggs and lorval herring

Herring eggs and larvae were ccllected on surveys covering the
coastal banks from Stad to Lofoten, Izgs were collected with dredge or

obtained from stomach content of haddociz and saithe fished with bottom
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trawl, In 1968 four and in 1969 five successive larval surveys were
carried out from hatching and during the fellowing five te six weels,
The material of herring larvae collected in 1870 is not yet worked up
and can not be included in this report,

Oblique hauls were taken with Clarlke-~Bumpus planitton samplers equip-
ped with silk nets of mesh size 0,50 mm, The sampling depths were
25-5 m, 50-30 mn and 75-53 m, The total towing time was 20 minutes,
and the towing speed between 1,5 and 2,0 lmots, All samples were pre-~
served, The larvae were counted and measured to the nearest mz below,
and sorted into larvae with and without yoll sac, the results being

xpressed as the number of larvae below 1 m2 of surface (Dragesund

1970a) .

Ycho+ counting

Counting of fish (mainly haddock and saithe) was carried out in 1970
within a limited area off lisre, The Simrad echo integrator (QM) in
conjunction with a 38 kHz Simrad Scientific sounder was applied,

When possible the integrator was calibrated by paper counts, The method
applied is described by Hidttun and Haklren (1968}, The integrator rea-~
dings were converted to fish densities and the number of fish was found
by area dAntegration of. the densities.

DTTATTT M
D L0

Stock size

Estimates of the absolute sizme of the spawvning stock of Norwegian
spring spawning herring orc available for a series cf sixzteocil 7oors,
In the present paper the series ége extended with anotner eight years,
The estimates for the period 1953-1968 are based on tagging experiments
(Dragesund and Jalobsson 1963, Dragesund 1970&) and combined acoustic
surveys and underwater photography experiments {Fedorov, Truskanov and
Yudanov 1963, Anon, 1969c¢), The absolute size of the spawning stock
during the period 1947-1952 has been derived from catch per unit effort
data(the drift net fishery) given by OUstvedt (1963). The abundance
indices showed that stock size remained at about the same level during
this period and was scmewhat lower than that which occcurred in the mid-
1950s, The average abundance figure for the stock size during the period
1947~1952 was about 85 per cent of the average figure for the years
19541956, The spawning stock sizes Ffor 1959 and 1970 are derived from
data in the report of the Atlanto~Scandian Herring Working Group
{Anon, 1969c) applying a total mortality coefficient of Z=0,Lkl, Figures
of tl.c abs:luts size of the spawning stocks for the period 1947-1970

are given in Table 1.



Table 1, Spawning stock size in millions of metric toms during

the period 1947-197C.

Acoustic surveys,
Year Tagging underwater Deduced Hean
experiments photography figures
1947 10,7 10,7
1948 10,7 10,7
1949 10,7 10,7
19550 10.7 10,7
1951 10,7 10,7
1952 10,7 10,7
1953 12,5 12.5
1954 12,2 12,2
1955 | 13,9 13,9
1956 12,0 12,0
1957 o.L S.h
1958 6,6 6,6
1859 5,0 5,0 5.5
1960 : L,5 L,5
1961 3.5 3.5
1962 2.5 2,5
1963 2.9 2,9
1964 5.0 3.3 k.3
1965 77 5.8 7.3
1966 6.5 5.5
1967 L,0 4,0
1968 2.0 2,0
196¢ 1.3 1.3
1970 0,9 0,9

The stock size was on a relatively high level in 1947-1256, From 1957
onwards a decrease in the stocl took place and this continued until 1962
vhen it was about 2,5 million tons, In the following three years the
stock increased from 2,9 million +tons in 1963 to 7.3 million tons in
1965, From 1966 to 1970 a rapid decrease in stock size tock place,

The estimates for 1983-~1965 do not include the component spawaing at
Lofoten, and the total spawning stock these yvears, therefore, is under-
estimated,

The spawning potential of the stock is a function of the size of the
spawning stock., However, fecundity increases with length and weight of
the fish (e,g., Parrish and Saville 1965, Jakobsson et al, 1969) and

thus the spawning potential of the stock is a function both of the
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nuriber and the length distribution of fish, Preliminary figures of
the spawning potential for the spawning seasons 1947-1969 are given

in Figs. 2 and 3,

Year~-class strength

Estimates of year~class strength for adults are complicated by the
wide range of ages over which individuals of a given year~class attain
sexual maturity., However, knowing the size of the spawning stock, an '
estimate of year-class strength can be chtained by calculating the
abundance of the year-class at six yvears, when most of the year~class
has entered the adult stock {(Zstvedt 1958, Dragesund 1970a), The 1965~
1969 year-classes had not reached the adult stage (six vears of age}
inm 1970 and cannot be compared with the previous year-classes in the
adult stoclz,

By calculating year~class strength at an age of six years the effect
of fishing on the immature herring is not measured in the year—class
strength estimates, A fishery which is of considerable importance to

lie peoepulation dynamics o0Ff the Horweglan spring spawning herring is
carried out on young and adclescent herring in Horwegian coastal waters,
Thig fishery is divided into two components, (1) that based on the
small-herring,i.e, mainly O-~ and I-group with the former predomrinating
and (2) that based on the fat-herring, i,e, I~ to IV-group herring

with the IT~ to IXI-group predominating, The effect of these fisheries
on recruitment to the adult stoclkk has been discussed by several authors
(e.g, Marti and Fedorov 1963, Devold 1963, Dragesund 1970b), Dragesund
conncluded that the fishery for 0~ and I-~group herring (the small-herring
fishery) carried out in the Norwegian fjords in 1959~196L did not have

a primary effect on the recruitment to the vear~class strength as adults,
This is mainly due to the fact that the fjord population is only a part
of the total O~ and I-group population, However, in the period 1965~
1968 a considerable increase in the exploitation of both small~ and
fat-herring took place as the fishery was extended into the open sea,
This resulted in a marked reduction of the 1963 and 1964 year-classes
before they entered tihe adult stock, The effect is also expected tc be
significant for the 1965-1968 year~classes, though it should be stressed
that these year-classes were extremely poor at the O-group stage,

Investigations carried out by Dragesund (1970b) showed thiat a close
correlation existed between the abundance of O-~group herring (at about
six months of age) of the 1959~1962 year-classes and subsequent abundan-
¢e, U~proup cbundance estimates are available For the 1959-1969 vear-
classes, whereas direct estimates of year~classes prior to these are
lacking, Assuming that a correlation exists between the abundance
of O-group herring and subsequent year-class strength, a back cal~
culation can be made for the 1950-1958 year~classes, provided the

exploitation is known for the year~classes as small-~herring,
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The variation in exploitation of small-~ and fat-herring can be
measured by talking the ratio between catch at different stages during
the young and adolescent phases and the total eche abundance cof O~group
herrinz (Dragesund 1970b)}, In Pig,1 is shown the variation of exploita~
tion of small~herring for the 1959~1968 vear~classes and of fat-herring
for the 1959~196L vear-classes, It is clearly demonstrated that poor
vear—~classes were nore heavily exploited than the rich omes as small-
nerring, The major reason for the higher exploitation of poor year—
classes (e.g. those of 1951 and 1962 compared with thiose of 1959 and
1960) is ascribed to the different distribution pattern, In 1959 and
1960 O-group herring had an oceanic distribution and only a minor
part of the O-group population entered the fjiords of northern Horway,
T 1961 and 1962 the distribution was more restricted to the coastal
arecas, and a greater pertion of the total O-group populatiocn was pre~
sent in the fjords, It is assumed, therefore, that in most of the
vears during the 1850s, when poor year~classes occurred these had a
coastal distribution comparable with those of 1951 and 1962, wherecas
that of 1950 had a similar distribution teo the vear-class of 1853,

Whenn back calculating the abundance of O~group herring, therefore,
the average ratio between the catch of small-herring and echo abundance
for the 1961 and 1962 year-~classes (equal to 5,43} was applied to the

1951~1958 vear-~classes,

Catch = 5,43 (1)

O-group abundance

and the 1959 year-—class (equal to 0.85) to that of the 1950 year-~class

Catch = 0,85 (2)
O-group abundance

Enowing the catch as small-herring the abundance is estimated from

expressions (1) and (2). The results are given in Table 2, It is
reasonable to assume that the abundance of the 1950 yvear—~class is under-
estimated compared with that of 1959 by using this method, This is
indicated by the higher abundance at six years of age and by the fact
that the catches in toms subsequent to the small-herring stage was

about 1,5 times greater for the 1950 year-class,
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Table 2, Catch of small-heriring for the 1950-1968 vyear-classes
and estimated abundance of O-group herring{explanation

in the text)

Catch in O=~group
Year-class thicusands of tons abundance
1950 270 318
1251 175 32
1952 215 Lo
1853 180 33
1954 135 25
1855 20 17
1856 127 23
1957 115 21
1958 117 22
1859 - 277 326
1860 267 147
1561 169 38
1962 Sk 15
1963 121 54
1964 102 75
1965 : 30 9
1966 136 23
1967 12 Iy
1968 o] 2
1969 5

LR 1

otock and recruitment

In Fig,2 is plotted the spawning potential of the parent stock for
tize period 1947-196L4 against the resulting yvear-class strength at sixz
years of age, Similarliy the spawming potential for the period 1950~
1969 is plotted against vear-class strength at the O~group stage
(Fig. 3}«

Mo firm conclusions can be drawn from the diagrams about the rela-
tionship between parent stock sime and the abundance of the resulting
yvear-~class, They may indicate that in some vears within the period
considered yvear-class strength was affected by the parent stoclz, However,
in most of the years, yvear~class strength was determined by other fac-~
tors which completely ruled out the effect of the parent stock, Thus,
in at least twelve of twentythree vears during the period 1947-1969

the size of the parent stcck ias apparently not been the primary factor



&)

controlliing subsegquent year-class strength, In years when abundant
vear-classes were produced as in 1950 and 1959 other factors may
have given rise to favourable conditionms of the progeny,

Different factors considered to be of importance in determining
vear-class strengtir of Norwegian spring spawning herring have been
discussed by Dragesund (1970a). Strong vear-classes seemed to occur
when a combination of the following conditions existed:

1} widespread distribution of spawning
2) 1long duration of the spawning period;
3) a rapid dispersion of larvae from the spawning groumnds,

The coincidence in time between the occurrence of suitable food
and hatching of herring larvae is assumed to be the most important
environmental factor comtrolling year-class strength during the early
larval development, The gradual northward displacement of the main
spawning centre during the last decades probably has dincreased the
importance of the timing factor, since only two definitely wich year-
classes occurred during the period 1947-1965, namely those of 1950
and 195¢,

At present the spawning stocl size is at a very low level and some
further considerations concerning the stoclk size and the abundance
of the resulting year-classes of 1967~1926% are given in the follo-

wing chapters,

Stock size and larval abundance

Although no exact estimates are available for the size of the
spawning stocks in 1959 and 1870, it is cobvious that the size con-
tinued to decrease from 1968 onwards due to lack of recruits, It is
reasconable to assume that tlhe stock sizes in 1969 and 1970 were of
the order of 1,3 and 0.9 wmillion tons respectively (Table 1).

Larval abundance estimates c¢f the 1959~1965 vear-classes just
after hatching suggest that the variation in the size of the spawning
stock was reflected in the larval abundance figures (Dragesund 1970&}.
FKowever, the sampling procedure was not satisfactory for reliable
abundance estimates during tiiat period, In the vears 1987-1970 much
greater effort was devoted to sampling of herring larvae and the
quantitative distributions according to length in the different periods
for 1968 and 1969 are shown im Figs 4 and 5, The results of the investi-
gations carried out in 1967 are published in a previous report
(Dragesund and lTakken ¢790), In contrast to the years of 1963~1966 no
major spawning was observed in the Lofotern region in 1967-1969, The
spavining took place off lMgre-Treondelag with the centres off Ona-~Grip
and Halten, The main spawning occurred 10-15 Karch, corresponding to a

peak of hatching in the first week of April (Figs. L ang 5},



In Fig. 6 is shown the abundance of larvae in the different periods
of sampling by integrating the density of larvae within the isolines
of larval abundance drawn in Figs, 4 and 5, The diagrams show two stri-
ring features, namely an unexpected low abundance of hatched larvae
in 1969 compared with 1968 and a significant lower larval mortality
in 1969, The reduction in spawning potential from 1968 to 1969 was in
the ordexr of 30 per cent, wiereas the reduction in nurber of newly
hatched larvae was 85~90 per cent, This might be explgined by a marizedly
higher mertality during the incubation period inm 1969 than in 1968, or
the stock might have spawned in other areas, The former explamation
is the most reasonable.

Lea (1930} showed that thick egg layers on the Norwegian spawning
grounds resulted in high mortality. According to Dragesund and Haklen
(unpublished) no such thick layvering ¢f eggs could be found in 1967~
1970 and the layering was probably cof significant importance to the
mortality, Alsc few unfertilized eggs were found during the same period,

During the spawning seasons in 1967-197C the relative inmportance
of the predator effect seemed to have increased, Gadcid fishes {haddock
and saithe) have been feeding heavily on herring rce, In Table 3
sorme prelimimary Tfigures for the number of eggs observed in the stomachs

of haddock and saithe are showsn,

Table 3, Humber of ﬂerrlnﬁ eggs in stomachs of haddock and saith

in 1969 and 1970 .

Haddogclk Saithe
Length Average Length Lverage
Ho, of fish range no, of (No., of fish rang noc, of
Year invest. (cml, eZES invest, (bm) esgs
1969 20 L6-50 34200 2 50=380 L9000
1970 13 L0-70 24200 7 986 21100

* The figures are preliminary,

In the winter of 1970 the number of fish present within a limited
locality in the main spawning area cff Ona-Grip was ccounted, It is
assumed that the survey grid covered about one third of the spawniLg

centre off Ona-~Grip (Fig.?). Provided that a similar or sonewha

0]

naller area was located off Halten {say twoc third of that off Cna-—

Grip ) and that the density of fish were the sane, a total number of
o’
2,10 x 5 was feeding on herring roe in 1970, About 80 per cent of the

haddock and 15 per cent of the saithe in the trawl catches had herring
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roe in their stomachs, The nuwber of fish ccunted was splitted in
haddock and saithe according to the ratio of the two species in the
trawl catches within and just outside the grid of counting, i.e, 83
per cent of the fish were haddock and 17 per cent saithe, Assuming
that the fishes are filling their stomachs once per 24 hours during
the incubation pericd (i.e, about 20 days) a total number of 3 x 1013
herring roe was eaten by haddoclk and saithe, This corresponds to about
LO per cent of the spawning potential in 1970.

Investigaticns carried out in 1968~1970 showed that spawning took
rplace almost in the same areas these vears, Thus, provided that a simi~
lar quantity of eggs were consumed by haddock and saithe in 1968 and
1969 this corresponds to about 15 and 20 per cent of the spawning
potential respectively, It is reasonable to assume that the reduction
in number of eggs spawned in 1969 was even greater than indicated in the
present estimates, In addition to the larger fishes a significant
aurber of I~ and IT-group haddock and saithe was feeding on Lherring
roe both in 1969 and 197C. These are nct included in the counted num~

ber of fiskh above,

Larval nortality

The size of a larval stock at a given time t can be expressed as

() + T, (t) +vewee-. (3)

H(t) =, (t) + U
L 14 12

-

where lo ig the length at hatching and 1 I etc, are the subse-~

1’ 2.0

quent length groups in millireter,
When sampling is carried cut at different time intervals t1, t2, ts...

etc.,, tie following expressions according to length are establishked

_ : Y : Y oa
ﬂ(t1)— Nlo(tl} + N11(tl) + le{t1, ZXTTP

N 8 S Y 1
()= 1 () + 0y (8,) + 0y (%) +eeuss (&)
o 1 2
N(t3)= . (tB) + (tB) + H (t3) Feosss
o) 1 2
* * - o

The time variation of the number of larvae within one length group
is determined by:

1) the rate of hatching}

2) the growth rate (k)

A

3)  the mortality (m).

It is assumed that spawning is talking place in a limited area within
a certain time interval, After an incubation time of, say, three weeks
the larvae start to hatch, The duration of hatching and the growth

1

rate will determine the time interval larvae of length 10, 11, >

etc, occcur,
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When larval sampling starts at the time when the first larvae are
hatched and continuves until hatching is finished, expressions (4}

will have the following form

ﬂ(q} = ﬂlo(tl) + O + O Fesesacennn
H(t2)= iy (tz) + Nl1(t2} + O Faaveraones
()= Nl:(tB) + Hl1(t3) + NlZ(tB) A 3
N(t&)z 0 + Hl1(t4) + le(tq) Faavesrenne

. . . .

. . . .

At the tiwe t4 all the larvae are hatclied,

From expressions (5) it is posgible to obtain figures of both growth
rate and mortality, The growtl: rate can be estimated from the distance
between the peaks cof the length distributions according teo tine,

Thie mortality can be found from the reduction in number from cone

length group to the next

(6)

where the integration interval T is large enough to ensure that
T, {0)= © anc m (T)=0, Then expression (8) gives an average mor-
taiity between 1e%gth groups, Usually tlhe survey time is limited and
the observation series too ghort to get I, (T)=O at least for the
larger length groups. kowever, when the grgwth rate is kmown the mor-
tality can be estimated by using the growth rate to determine the inte-

gration limits,

tB . Ty
‘j( N, (tjat - ~]’ 1 (at)
1 2
t t
1 2 y
S (7)
t
3
V/F . (+)at
1
1
t1
where tz and t@ are determined from
1
(tl}"‘t3> = (tz - t1) = ——1’;—‘ (12 - 11> (8)

WO 12 and l1 are twe gpuccessive Lit JTrOouls,
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A similar methcd was used by Dragesund and Halken (1970) forx
estimating larval mortality in 1967, It should be noted that a
series of mortality estimates ig obtainable by this method when
successive and frequent synoptic larval abundance figures are
available,

The number of larvae according toc length and time in 1968 and 1969
is given in Table 4, The numbers are calculated from the density

charts in PFigs. & and 5.

o
- o O . -
Table 4, Humber of larvae x 10  according to length and time

p
Year | Period g 9 10 11 12 13 1k 1% 16 17 Total
3-8 Apr. | 11 711 475 82 1279
17-21 " 1 2 61 85 31 8 188
1968 51 oi 10 28 38 33 2 111
2429 n 5 14 7 1 28
2-5 Lpr, L 32 15 1 52
g1y 3 v 31 18 ¢ 1 1 70
1969 15 _q19 m 2 L1 13 5 1 26
20=26 ¢ 1 e} 3 1 12 6 16 1 1 L1
28, Apr .~ '
7 Loy 0.29 0.42  0.29 0,32 2

Due to the gap in observations between 5 and 19 April in 1968 nc mor-
tality between length group can be estimated, An average growth rate
(k) of 0,29 mm per day between 9 and 13 mm is found for this year

applying expression (8), wiere l_l and 1, refer to 92 and 13 mm respec~

2
tively and €, and %, to 5 and 19 ALApril, The reduction of total number

1 2

of larvae from 5 to 19 of April is estimated from Fig, 6 and amounted
to 86 per cent, This figure can be taken as a minimum figure of larval
mortality (m) between 9 and 13 mu, as hatching obviously occurred also
jater than 5 April,

Pig, 8 shows the nurber of larvae according to length and time in
1969, An average growtlh rate of 0,29 mm is found between 9 and 14 mm,
Yortality estimates were obtained from equation (7) by area calcula-

tion in Pig, 8, The results are given in Table 5,

Table 5, Moxtality estimates of herring larvae between different length

groups in 1969,

Relative figures Hortality between
of larval 10 mm and successive
Length in om abundance groups in per cent
10 ‘ 100
11 Lo 51
12 38 62
13 32 68
14 16 8L
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DISCUSSICH

The survival of eggs spawned and of larvae hatched in 1967-1959
is illustrated in Fig, 9. A reduction of 295 and >92 per cent respec-
tively took place in 1967 and 196$ from spawning te hatching, FTigures
on mortality of herring eggs during the incubation period are given by
Runnstren (1941), Baxter (1968), Hempel and Hempel {1968), The morta~
1ity was low and varied mainly between 4 and 12 per cent, Similarly
Dragesund and Haklzen (unpublished) observed few dead and unfertilized
eggs on a spawning site near Grip in 1968, Hone of these results imclude
mortality at the hatching stage and mortality caused by predation,

During the spawning seasons in 1967-1970 tlhe predator effect was
mogt lilkely by far the most important factor and the rolative
importance of this effect Las increased during this period (Fig. 9 A}.
The eclho counting in 1970 was carried out within a very limited area
during one night and the results are probably inaccurate, In addition
to the larger fish a significant number of smaller haddock and saithe
was feeding on herring roe both in 1969 and 1970, These are not included
in the number of fish counted, and the result of the echo counting is
therefore most lilkely an underestimate, The counting indicates that the
number of eggs comsumied by the fishes might be of the magnitude of
half the spawning potential and suggests that the large mortality found
during the incubation period was reasonable, 4 further reductiocn of
the larval population of the order of 70~95 per cent during the early
larval development (9~13 mm) will add to this effect,

To discuss the possible obtainable magnitude of year-class strength
frem the larval populatioms in 1967, 1968 and 1969 the number of larvae
four to five weelts after hatching is compared with the number of herring
at different stages from six months onwards for the 1959 and 1963 year-
classes, Tentative estimates for the abundance (converted to number of
herring) at different ages for the 1959 and 1963 vear~classes are obtai-
ned from data given by Dragesund {1970b), In these estimates the loss
due to fishing during the young and adclescent phases is taken into

-

account (Fig. S B)* The following annual instantaneous natural mortality

coefficients have been used: M1= 2,76 fror: Cctcber in the O-group to
April in the I-group stage, .= 0,469 from lay in the I-group to Lpril

2
in the IZI-~group stage and HB...,E, = 0,24 from llay in the Il-group

¢

to 1 Januvary in VI-group stage,

It is obvious that the abundance of the larval populations present
in the sea four to five weels after hatching in 1967-1969% were too
low to procduce a numerous vear-class of the magnitude of that spawned
in 1959, Iven a year—~class like that of 1963, which was in order of one

tenth of that inm 195¢ (Table 2), is unlikely to occur,
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The number of larvae hatched in 1970 was negligible and the predatoxr
effect in 1970 was probably even greater than in 1969 (Dragesund and
Nallzen unpublished), It is therefore possible that with the present
high predatecr effect and the low spawning stock size the larval popula-~
tion may be too low to produce numerous vear-classes,

The diagrams of Figs, 2 and 3 may be used to discuss the probability
of obtaining numerous year-classes with the present parent stock size,
During the period 1947-~1969 it is likely that the best survival condi-
tions for eggs, larval and postlarval Lerring existed in 1959, This
can be seen by taking the ratio between vear—-class strength and spawning
potential, Grouping these ratios in four taking that of the 1959 equal
to cne, an illustratiocn of the distribution of the survival ratiocs
during the period 1947-1969 is cobtained (Fig. 10),

In eighteen of twentytlree occasions the ratios between vear-~class
strength and spawning potential o131 in the group 0-0.,25, and only in
on of twentythree in the group 0,75-1,0, The probability, therefore,
in the following vears tc obtain survival conditions as favourable as
those in 1959 seems low, ZIvern if survival conditions like those in 1259
occur in all of the vears 1971-1973 this would result in a spawning
stock size (excluding fishing during the young and adolescent phases)
of the magnitude of only 2-3 million tomns in late 1970s, ¥With the present
low spawning potential and the high predator effect the probability
of rebuilding the spawning stock in near future, therefore, seems low,
However, better survival conditions than those experienced in the

period of observations may of course occur,

SUMMARY
1. Zstimates of the size of the spawning stock of Norwegian spring

spawning herring for the period 1947-1969 are presented, The spaw-
ning stock size varied between 13,9 and 2,0 million toms in the
period 1947-~1968, Trom 1964 to 1970 a rapid decrease has taken
place from 6.5 million tons to about 0,9 million tons,

2, The parent stfocl size is compared with subsequent abundance of the
resulting year-class at six vears of age for the 1947~1564 vear-
classes and at six nmonths of age for the 1950-1969 year-classes,
The results indicated a relationship between the parent stock size

subsequent abundance of the resulting year-class when favour-

e condition for spawning and hatching existed, However, in most
of the years, year-class strength was determined by other factofs
wich completely ruled out the effect of the parent stoclk size,

whenn this was above a certain level,
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I

B

5

15

The spawning potential of the parent stock for the vears 1967~
1669 is compared with subsegquent larval abundance at hatching,

Py

£ reduction of 295 and of >99 per cent respectively took place
in 1967 and 1969 from spawning to hatching, Most of this reduc-
tion is ascribed to predation by Iiaddoclk and saithe,

Estimates of larval mortality during the early larval development
(9~13 mm) are given, These varied between 70~95 per cent,

Wit the present low spawning potential and the high predator
effect the probability of rebuilding the spawning stock in near

future seems low,



16

AN
TSR

PTTOV
RANAI B SR

RO R

ATEISTRCI,Z,II, 1954, Distribution and abundance of egg and larval
populations of the Pacific sardine, Tishery 3ull,lish,
Wildl, Serv., U.,S., 56:33-140,

the Califormia

- .. 1965, Kinds and abundance of e}
survevs, rep, Calif,

current regiom based on egg and laxx
coop, oceanic Fisk, Invest,, 10:31- 52.

AITCIT, 19635, Report of assessment group on herring and herring fishe=’
ries in the nortliieastern Ltlantic, Coun,liecet,int, Coun,
Brplor,3ea, 1965{1): 1-40, [1imeo,]

- 1668, Preliminary report of the Joint intermational O-~group
fish survey in thie Barents Sea and adjacent wvaters August/
September 19586, Joun,lieet,int,loun.xvlor,Sea, 19%5

= e‘
(£:23): 1-9, 13 figs. [ Limeo,]

- 1967, Freliminary report of the international C-group fish
survey in tle BareLts sea and adjacent waters Aagust/
September 1987, Coun,leet,int,lcun,lxplor,Sea, 1867

) 20}

{(Ze31): 1-8, 1k Tigs, Himeo.,]

- 196%a, FPreliminary report of the C-group fish survey in ti
Barents Sea and adjacent waters in Lugusti{September 19548,
Coun,licet, int, Coun.lizplor,Sea, W69 (F:33): 1-4,13 figs,

[Fireo,]

- 1969b, Preliminary report of the O-group fish survey in the

Barents Sea and adjacent waters in August~September 1369,
Coun,lieet,int, Coun.lxplor.Sea, 1969 (H:BL\. 1=-5, 15 figs.

L imeo,]

- 1569¢c, Report of the working group on Atlanto~Scandian herring,
Coun.lieet,int,Coun, arplo Lea, 1969 (E:B)z 1-25, 5 figs,

SN chzarts, [himeoa '

BALTER,I,G, 1959, becunditieo of winter-spring and surmer-autumn

herring spawners, J,00ns..HeiwiAnttBaptor o, 252, 73~80,

- 1968, Developrment rates and mortalities in Clyde herring EEES.

The Biglogyw of earlyv Stages and Recruitment Kechanisms of

lerring, L“t.C ouni,oxplor Sea, SVIMID.., boueﬁﬂ., 1968 (5,:1~3,
L tabs, [liimeo,]

BEIVIETOIT sRed sz, and =Z0LT,S
I .

J, 1957, ©On the dynamics of exploited
"ishh populati o‘_ she

rv Invest,, Lond,, Ser,2,19:1-533

ko

BLAXTER J.“.S. 1965, The feeding of herring larvae and their ecolooy
Eal ’"\

<
in relation to feeding, Zep.Calif, coow,oceanic Fig
Invest.,, 10:79-88,

BURD,A,C, and EOLPORD,3B, 19865, Decline iz the abundance of Dowas
herring larvae, Tie Biclogy of ecarly Stages and Recrulitment

Iiecizanisms of Ierring, Int.loun,Iixplor.Sea,dvmp,,Copenii,,
7z o

19641.1): 1-2, 2 figs, [liimco.]

SUSHIIG, 3,5, 1962, PRecruitment to llortih Jea Terring stoclis, Fisiery
Invest,, Lond,, Ser, 2, 23:43-71,

- 165606, e dependence of recruitment om parent stoclz in different

groups gf fiskes, Coun,leet,int,loun,ixplor,Sea, 15868
Gen:1C,): 1-8, 2 figs, [nlmeoﬂ

DEVCLD,F, 1953, The life history of the Atlanto-Scandian herring,
Rapn,P,~-v, Réun, Cong, perm.int,lxploxr,lier,15L:58-108,

DRAGESUITD,C, 1963, The llorwegian "small" and "fat" herring fishery
size and age composition of the catches,Rapp,l,~v,zéun,
Cons,perm,int,2xplor,lier,154:118~122,

- 1970a, Factors influencing year-class strength of Norwegian
spring spawning herring (Clupea harenzus Linné), JisizDir,
(“T_-

Slr.Cer.Cavinders,, 15:381-L50,

= 1970h, Dis

ribution, abundance and mortality ol voung

orwvegian spring spawniang herring (vlunea
haraaguu Linné) in relation %to subsequent year-~class strength,
fislz?ir, Slxr,Jer,liavUnders., 15:451-558,




17

DRAGECUITD,C, and JAOBSSON,Jd, 1963, Stock strengihocandaates: of
mortality of the Horweﬁla“ spring spawners as indicated
by tagging experiments in Tcelandic waters., Rapp.Z,~Va
Réun, Cons.nerm.int.Explor.Kar,154:83—90.

h
{i
DRAGISUITD,C and UALLHU,L. 197G, leortality of herring during the ecarly
- 4 -
larval stage in 1947, DRabp, F.-v,Réun, cons,nerme.int,

Exalor.i exr ( 1I~egs}.

FEDORCY,8,5, ,TRUSKAIICY ,J,0,. andYﬂDANOV“g;.G. 1863, Can the stoclz size
of the Atla* o—ucagaiaa rerring, Jouis,. lHeet,int, oun,

Zxplor.Cea, 1953 {(79): 1-5. [liimeo,]

FRIDRIIOSON,, L, and AASIIT,O, 1850, The Horwegia?—lcelandic herring
tagging experiments, Report llo,1, FisklDir,Skr.De
HavUnders,., 2~(11): 1=L3,

FRIDRIISSO A, and AADEIT,C, 1852, The Horwoglap-Icela‘ dic herring
e

tagging experinments, Report lle,2, Rit.,Fiskideild,, 1
(1): 1"513".

HEMNPZEL,G, and BLANIZER,J.H,3, 1983, On the condition of herring larvae,
Rapp, P.~v, Réum, Cons, perm.int, Zxploz,lier, 15L4:335-40,

LEEPEL LY, and “JK?DL,G. 1968, An c¢stimate of mortality. in herring
ezzss. The Biology of early Ctages and Recrultment
Mechanisms of ferring, Int.Coun,.2zplor.Seca,Svamp,. ,Copenh, s
1968 (32): 1-5, 1 tab,,2 Tigs. [liimeo,]

HCLDEIT,1Z,J, 1968, The rational cxploitation of the Scot

stoclks of spurdogs (uqualus acantihias L.).
ond.,, Ber.,2, 25{(CS 1-25,

JATCBSEON, , , VILESALIOSCOU,®E, and SCHOPK&,S.A. 196
of the Icelandic herring stoclks, it.,
te3
1-15,

-
3

1,

On the biol

MJ \,)

LIA,E, 1930, Illortality in the trike of llorwegian herring, 2app.f.~Va
Réun, Cons,perm,int.Zxplor,lier, 55: 100-117,

o~

HARTY ,Yu,¥u, and FIDCRCOV,5.5, 1963, TFeatures of the population
dynamics of marine herring as seen from the Atlanto-
Scavdian stoclz Rapn., F,=-v, éun, Jons.rverm,int.lxslor.

lor, 15L:91-97.

IIIOTTUI, L, and NAYTDN,O,

. Counting of fish with an echo intggra%
.int,Coun, Explorer Som; JOES(BInyj s

;e

FARRISI,B,B, and SAVILLI,A, 1955, The biology of the Horth-ecast-
Ltlantie herring populatiocns., vceanogr.uar.ulol.,j.

323-373.

RICKZR,T,7, 1954, Stock and recruitment, J,Pish,Res.B3d Can,.11:559~

623,
RUINISTREIL, 5, 1941, Quantitative investigations on herring spawning
and its vearly Ffluctuatiocns at the west coast of llorway,

- 0 — - At
FisgkDir,Slr,Ser,Zavinders, , §(8):1—71.

TAYLCR,F,H,C, 1963, The stock~recruitment relaticnship 1A British
Columbia herring populations, Rapp, P.-v, Réun, Cons,
perm.int,Zxplor,ler, 154: 279-292,

SIJLOTRA,T T, 1063. On the recruitment mechanism of Horth Sea autumm

spawning herring, Rapp.,P.-~v, 2éun,lons.perm,int,Ixplor.
ller, 154: 158~202,
BSTVZDT, CO,J, 15538, OCome considerations concerning the homogeneity

of the Atlanto-Ocandian herring, Aapp,P.-v. Réun, Cons,
perm,int.ixplor.licr, 143:53-57,

- 1963, Catch, effort and comp051tlo“ of the Horwegian winter
herring fishery, lapn, 2.,~v, 2éun, Couns,perm,int,’izplor,

Ler, 15k: 109-117,



Fig,.

2 / i

T ) 3 T H 1 1 i K H T 1 T T ¥ T

1959 60 61 62 63 64 65 66 67 63 1959 60 61 62 63 64
YEAR—CLASS

MEASURE OF EXPLOITATION
(CATCH/ 0 GROUP ABUNDANCE)
I
)

1. Measure of exploitation indicated by the ratio of catch
in tons/O-group echo abundance (A4) during the small-herring
stage for the year-classes 1959-1968 and (B) during the fat-
herring stage for the 1959-~1964 year-classes,



L
2
o8 &
<
RG]
o<
< O g
T
S
x 9 &9
h
o Lu‘["'
<=
=5
& 34
- 0
i =
x 2
P
) gz
z oy
&
0 @ @
2=
—d
o .
P
: &1 @ {
: o s g 8
T T @ 83 ’8\—‘ T . 57 5 5/ . :)r
2 4 6 8 10 12
SPAWNING POTENTIAL x 1071
Fig. 2, Relationship between the spawning potential of the parent

stock and the subsequent
of age for the 1947-1964

year~class strength at six years

vear-classes, The respective vear-—

classes are indicated inside each circle,

(7%
[}

[
[}

)

o
(23]
(®)

ECHO ABUNDANCE INDEX
OF 0-GROUP HERRING x 1073
e

S . )
< €9 o & &7 K 55

9 5862 J@ N 1G5 \K)
T |~ g ’ T Y 1 1 1] i i ] 1
2 4 B8 8 10 12

SPAWNING POTENTIAL x 1

Fig, 3. Relationship between the

o

spawning potential of the parent

stock and the subsequent year-class strength at about six

menths of age for the 1950-1969 year-classes, The respective

vear-classes are indicated inside each circTe,



*goBJaNS NE |l MoTeq ®eaxeT Jo Jequmu jussaxdas ssanBrJ 9YJ °*SOUTTOST
£q pejeoTpPUT oJe eourwpunge TeAIBT JO ST9A9T Tenba °gg96| UT sporuad Leains IUSISIJIP oUl

Jutanp yjzSueT 03 SUTPIOOOE® 9BVAJIET JO UOTINQEIISTP 9ATjesTauenb pue Apmmﬁv SuUoT1®lS JO PTIIH °f °*I1g

8961 Al'IT- LI

8961 Al '8-'¢




(ponutjuoo)  *Ity
8961 Al 6272

8961 Al"72~1Z

N4




90w IINs NE | MoTaq @eAxeT Jo Jaqumu judsoxdsa seandrJy oyJ °*SOUTTOST

Aq pe3edTpPUT dae IduBpUnge TeAIBT JO ST94A8T Tenbyg ‘694l ur sporxad %m>h¢m 1UDISIITP oYL

Sutranp yz8ueT 03 SuUrpIooorv JSBAIBT JO UOTINQIIISTP 9ATzvlTIuenb pue ApMoHv SUOT3®IS JO PTIIH °GC °*STg

6961 Al SI~1

9




- > =
T 92, $
A b &

—~

ko]

)

=

o

.-

3

=

o

o

-

n

o

&0

-

o

67
66
65
64"
63
62



6961 Al-Al 82

AUmSﬁﬁPGoov G °3T14

b
A
:
’

Alak 13

WIN £L

WAL

WHZL

.99

RNA:}



TOTAL NUMBER OF LARVAE x 10710

- \
o)
‘\ ——Q=— 1968
12 - ' \ — @ e 1969
\
A \
\
\
10~ \
\
. \
\
. \
i \
\
B \
\
6 - A
\
\
. \
\
\
4 \
\
\
- N\
AN
\
2~ 6\
AN
AN
B \NO
. \ DY
® ® \d"
} T T T T T e Sasnad T
5 10 15 20 25 1 5
; APRIL —MAY —

Fig, 6. Estimated total number of larvae during different periods
of sampling in 1968 and 1969,






4 o 8+9 MM
3¢
2.-
14 @
\\ Y B
41 10 MM
3.. @
2..
°
1-.
O P
31 11 MM
T
o 2+ o
> 1 ////////"
g a” 0 e O —
<
= 34 12 MM
S 2-
& 1 e/”/’_~°‘\\\\\\
M
s / -
e
z
34 13 MM
2-
1" /"’\
]
—f o
31 14 MM
2..
L -
—
__—e”//’nﬁ B
1 4 BN A] T T T
5 10 15 20 25 ] 5
— APRIL —MAY —

Fig. 8. Number of larvae in each mm group as a function of time

in the area surveved in 1969, The 8 and 9 mm group are

pooled,



10° 4 A 1B
A
. \
10!4_\ o
N
\ AY \\
\
Vo
v\ 1067
1013 4 v 4
LY \
\  ©
” \\ \
= v \
12 ] \ 2
i 10 \ 1968 \@
@ \
& \ \
\ \
o
L \ \
a 10 \ \ -
3 1969 \
> . \
\ \
10 e '
107 \ ® -
AN
.
\Q
T L] T 1 1 i § i H 1 H
0 1 2 3 &4 5 0 1 2 3 4 5 8
WEEKS YEARS
F— EGGS—+— LARVAE —] FPOSTLARVAL HERRING
Figs 9. Survival of recruits (A) during the incubation period

and early larval development in 1967-1969 and (B) of

the 1959 and 1963 year~classes from six months to six
years of age. '



20 -
w
Wl
N 15 -
<€
o |
Q
i
o
<
Y0 -
.
o
x
d
S 5-
o
=
0.25 0.50 0.75 1
RATIO OF YEAR-CLASS STRENGTH/ SPAWNING
POTENTIAL

Fig, 10,  Histogram showing the freguency of the ratioc between
vear-class strength (measured at six years of age for
the 1947-1950 year-classes and at six months of age for
the 1951~1969 year~classes) and spawning potential,





