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Introduction
It has been stated by several workers (Broch 19C9, Bjerkan 1917,
Jonansen 1924, Krefft 1954, Haraldsvik 19686) that the north-eastern

Horth Sea is a mixing area for spring and auvturm-spawning groups of
ring.

Barly in this century spring-spawners dominated the catches from
this part of the Horth Sea during spring, summer and aubunm (Bjerkan
1917). In recent yvears, however, the auturm-~spawning component has been
dominant almest throughout the yvear, and spring-spawners nave been in
P
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majority only during the short scason from late July to early September

(Haralasvixk 1966).,

o

The spring-spawning grcup in the northern Wortix Sea is suggested
s

&
i
toc be a mixture of several stocks of Atlanto-Scandian kerring, such as

Shetland spring~spawners (Wood 1936}, Viking Bank spring-spawners
H AY -
(Runnstr@m 1841, Skagerak spring-spawners (Andersson 1949) and the

Horwegian spring-spawning stock, The occurence of Horwegian spring-
spawners has been dencnstrated by worphclogical characters (Broch 1509,
Hiort and Lea 1911, Bjerkan 1917) and tagging experiments (Aasen 1953}.
Since 1950, when the Norwegian spring-spawning stock shifted spaw-
ning grounds to the north cf 3Jtad, herring in prespawning condition
have arrived at the west coast of southern llorway in January, spawned

in imshore water in March and Anril, and disappeared again in lay.
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Lccording to length, age, and scale type these herring differed fruom
hierring at the spawaing grounds further north, and it has been suggested
that the southern herring originate from the Horth ea.
Recent Horwegian Horth Sea herring investigations have been in
progress since 1961 and the results relating to the autumm-spawners

have been dealt with elsewhere (Haraldsvilz 1965).



group of herring in the ncrth-eastern part cf the Torth Sea, In parti-
cular an attempt is made to dt of admixture in these
waters of the two stoccks of spring-spawning herring which cccur along

the coast of Norway.
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The material was collectcd from September 1861 to MHay 1963 and

consists of 23 samples, coumprising a total of 3.825 specimens, lcst of

s
the material criginate from commercial catches, but 6 samples were col-
lected cmboard research vessels,

Ctolith characters (Parrish and Sharmen 1958} were used to separate
spring-spawning herring frou autumn-spawners, and this procedure left
956 specimens of spring-spawners to be studied.

Sampling localities, gears, and the proportion of spring- and
avtumm-spawners in the samples are given in Table 1,

The samples of the spring-spawning stock on the west coast of sou-
thern Norway (comprising Loos specimens) were collected to the west and
south of Bergen during kKarch and April 1962 and 1963,

For comparison of growth 4 samples were also secured from east
Icelandic waters during July and Asugust 1962, The members of the Nor-
weglian spring-spawning stock in these samples, totalling 239 specimens,
were separated from the Icelandic spring and summer-spawning herring
by scale characters,

A1l the herring were examined s to age and stage of maturity,
whereas number of vertebrae ,first growth zone measurement on otoliths
e

and 11, 1., and 13 lengths were determined for part of the material,

2
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Both scales ard ctoliths were used for age determinmations,
However, secondary rings within the summer growthh zones) tramsparency
of otoliths, regeneration of scales sometimes complicated the deter-
minations or made the readings impossible., In the samples from trawl

nd drift-net, sceveral specimens also had lost all suitable scales.
Therefore, ages could cnly be determined for 55 per cent of all speci-
mens by the scales and for 85 per cent by the ctoliths, Considering
the two methods, however, positive age determinations were achieved
for about 9C per cent of the material,
t

Stages of matur were determined according to the maturity scale

ok

-

Herring Committee in 1962 {4non 1963).

w

i

reconmended by thie ICE

The first growth =zone in ctoliths was measured from the centre of

the opagque nucleus to the distal edge of the first winter-ring, along
an axis to the post-rosirum,

The growth of the herring have been determined acccerding to back-

calculations from scales, and the modified growth formula by Lea (Lea

1938) has been applied,
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The samples from the north-eastern North Sea have been grouped
into 4 monthly pericds, and the age compositions are illustrated im
Figure 1, Taken as a whole the ages ranged from 1 to 12 years, but
withh a strong dominance of the younger year-classes, The 1959 yesar-class
was deminant in 1961 and 1962, In 1963, however, it was replaced by the
1961 year-class, The reduction cf the 1959 vcear-class in winter/spring
1963 may either be due to an emigraticn or a high abundance of the 1961
year~class, The latter explanaticn scems more reasonabie since the 1961
vear-class proved to strong in the north-eastern North Sea in both 1964
and 1965 (Haraldsvilk in press).

In Figure 2 is shown the age composition of pocled samples collected
in 1962 north and south of latitude 59ON. Frowm these diagrams it appears
that the 1 and 2-year o©ld herring were most abundant in the southern
area, This may indicate that the spring-spawning group of herring in the
noerth-castern Werth Sea is recruited from the scuth.

The age compcsitions for the spring-spawners at the west coast of
southern Horway are shown in Figure 3. It appears that the 1558 and
1960 vear-classes were riore abundant in 1962 and 1963 respectively, than
among the spring-spawners in the ncrth-eastern Horth Sea.

The MNorwegian spring-spowning stock was in the years 1961 and 1962
dominated by the 1950 year-class, which contributed about 6C per cent,
The 1958 and 1959 year-classes were represented by less than 1 per cent
during the same years (Deveold and @stvedt 1963, 1964},

The age coupcsitions therefore do noet indicate any evident connecs-
tion between the spring-spawning group of herring in the north:eastern

Horth Sea and the twe spring-spawning stocks along the coast of Horway.

Vertebrae

The vertebrae counts have traditionally been used to identify
daifferent herring stocks, The frequency distributions of the vertebrae
count in the samples from the north-eastern North Sea are given in
Table 2, The mean vertebrae counts ranged from 556,90 to 57.32, but no
trend in space or time was observed, An analysis cf variance showed
that the differences of vertebrae counts within samples were insignifi-
cant compared with the diffcrences among means of sampies (F= 1,076,
P <0.05). It may therefore be concluded that the samples are drawn from
the same stock cor mixture of stocks. iHowever, it is then presuppcsed that

a recal difference in vertebrac number occur between the various spring-

<
spawning stocks, In Table 3, the vertebrae frequency distribution of the

spring-spawning group from the North Sea is compared with those of the
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Herwegian spring-spawning stock and the spring-spawners at the west coast
of southern Horway, The s 5
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brae count have been tested, giving t= 1,588 (C.1<p £C.2) between the
sprirg-spawners frcm thie Horth Sea and the Horwegian spring-spawning
2.931 (< 0.01) betw

Sea and those from the west coast of southern Horway, It should, hcocwever,

stock, and %

-

ne spring-spawners from the Horth

0}
©
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be noted that the result of this test is unreliable.

Different year-classes are dominating in the different groups of

nerring considered, and further, the mean vertebrae count of the spring-

-
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pawniers from the west coast of southern Norway is based upon cnly three
samples in which the mean counts varied considerably (57.31, 57.20, 57.09).
Wood (i936) found mean vertebrae counts ranging from 57.01 to 57.08
in spring-spawners from Shetland waters, and Runnstren (1941} got mean
values varying between 56,93 and 57.05 in spawning and spent herring
during April on the Viking Bank, The investigation on vertebrae number
gives thus good confeormity between the spring-spawning group in present
material and the spring-spawning stocks in the northern North Sea, but

due to the t-test and unreliable data an admixture of the two spring-

The samples from the ncrth-eastern HNorth Sea have been collected
throughcut the year and the percentage maturity composition, as shown in

Figure Q, may therefore give a rougn picture of the maturing cycle for

the spring-spawning herring in this area., The low percentage of herring
in spawning condition ( & few specimens in samplce Tc.8) and the low

+

abundance o©f spring-spawners in the samples from the end of March in
1962 and 1963 (Table 1) may indicate that the spawvning grounds are situ-
ated outside the north-eastern Horth Sea.

Spent herring (stage VII) were recorded in the samples from the end
of March and the beginning of May., A duraticn of three weeks of this
maturity stage (Jakobsson 1962) should indicate a spawning season during
Harch and April, Recovering spent herring were in dominance from the end
of March to the first half of August,

Stage IITI cccurred in most of the samples, but were dominant from mid
August to the beginning of October. The stages IV and V were found from
the end of August tc the begiuning of larch, but had their maxima before
and after the turn of the year respectively.

It must, however, be cumphasizsed that the number of samples and the
nuimber of specimens within several of the samples are few and one must
therefore be very careful in generalizing frcm the present data,

The Norwegian spring-spawning stock and the spring-spawners at the

west coast of southern Norway had in the years 1962-63 their spawning
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seascn from the end of February to the end of March and from mid Farch
to mid April respectively, and were thus inside the range cf the spawning
season for the spring-spawning group of herring in north-ecastern North
Sca,

The maturing cycles of the two spowning stocks at the coast of
Norway are uniknown, dowever, investigations in Icelandic waters during
summer suggest that the herring of the Horwegian spring-spawning stock
pass over from stage VIII to IIX already in the first half of July
(Bstvedt 1962), i.e. about one month earlier than indicated for the
spring-spawning group in the north-eastern Morth Sea.

ge at first spawning

- — o o — v g e o S SO B W o S

Beside six herring, which belonged to the northern type of the
Norwegian spring-spawning stock, it was impossible to differentiate the
winter-rings on the scales of the spring-spawning herring in north-
eastern North Sea into "coastal", "oceanic" and "spawning" rings
(Punnstrom 1936). The age at first spawning has been based upon the

maturity compositions by age in the samples collected during the period

el
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stage IIT in this pericd are classified as

oo
jn

January to July,., Zerriang

o
o

uncertain, i,e, they may immature and do not spawn before tie next
season, or herring in stage IIT at the beginning <¢f the period may
reach maturity and further, herring in stage III at the end of the
period may have spawned and already reccvered their gonads. The percen-
tage compositions of virgin (stage I and II), uncertain (stage III}

and spawined herring (stages IV—VIII) in each age group are presented

in Figure 5., It will be seen that a few herring already spawn at an
age of two years, but the majority, about 77 per cent, were spawning

at an age of three., Only about 2 per cent were immature amongst the
four year-old herring,

The Norwegilan spring-spawning stock may attain maturity at an age
between three and nine years, dowever, in the vears 1962 and 1963 the
thiree year-cld spawners were scanty represented on the spawning grounds,

The herring at the west coast of southern Norway were, on the other
hand, in the same years dominated by three year-olds, which were all in

spawining condition,.

First growth zone measurement made on otoliths

The six herring, belonging tc the northern type of the Norwegian
spring-spawning stock, had typical ctoliths which were easily picked out.
These ctoliths hnad thin, sharp winter-rings and a growth pattern much
similar to that on the scales, Besides these six herring, it was impocssi-
ble to recognize other otolith types amongst the spring-spawning group
of herring sampled in the north-castern Northh Sea. The major part of the
otoliths had relatively large first and second growth zones and "soft"

first and second winter-rinags.,
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The ranges and means of the first growth zZone measurements are
presented in Table 4., It appears that the ranges and means were of
the same order in the samples from 1961 and 1962, The high values cobtain-
ed in 1963 can be explained by growth differences between year-classes,
As stated before the 1960 year-class was dominant in the samples from
1963, while the 1859 year~class was the most prominent in both 1961 and
1962, Considering the total material the Tirst growth zone measurcments
ranged from 13 to 29 units (one unit= C.CLC9 mm), and had a mean value

of 22,90 units (standard error= + C,153),

The values of first growth zone measurements were less than those
corded for the autummn-spawning group cof herring in the same area

(Heraldsvik 1966), These differences are probably conmected to the diffe-
rences in age at formation of the first winter-ring. Members of the spriﬁg-
spawning group lay down a winter-ring during their first winter of life,
winile the autumn-spawning group of herring do not form winter-rings
before the secomnd winter,

In Figure 6 is shown the percentage frequency distributions of
first growti zone measuremcents for the spring-spawning group of herring
in north-ecastern lorth Sea, the Horwegian spring-spawvining stock and the
spring-spawners at the west coast of southern Horway. The 1959 year-class
is dominating in the stocks comsidered., This comparison skows good cone-
formity between the spring-spawners in north-eastern Horth Sea and those
at the west cocast of southeirn Horway. It is suggested that the size of
the first growth zome is linked to the food supply during the first
year, and the good conformity in this mcasurement may therefore indicate
that‘k’ ring-spavning herring in north~eastern Horth Sea and those at th
west coast of scouthern Norway have the same feeding grounds during their
Tirst ycar cf life.
Growthn

The grcowth of the herring is one of the main characters used to
distinguish between various herring stocks. Lea (1 10,1938} has shown
that the relation between scale length and total length of the herring
is approximately linear. The l1 distributions cof the 1959 vear-~class
cf the spring-spawning group of herring from north-ecastern Hcorth Sea,

AY .
the llorwegian spring-spawning stock (S-type) and the spring-spawners

at the west ccast of southern Norway are given in Figure 7.

The mean 1 1, and 1, values for the same stocks are presented in Table

17 T2 3
5. From these data it appears that the growth of the 3-typed herring
of the Horwegian spring-spawning stock deviated comsiderably from the

crowti: of the two other stocks, The l1 distributicn and the mean values

of 11, 12 and 1_ for the spring-spawiiers in north-sastern Horth Sea

3

were slightly lower than those for the spring-spawners at west coast

o

)
[

of southern Horway, It shculd be noted that the herring from the west
coast of scuthern MNorway were caught by net with a large mesh-size
(winter herring “bt), and the selectivety of the net may prcbably affect

an overestimation of the mean 1 l and “3 values for this stock,

-l!
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Taking this into consideration and assuming that the growth rate of the
fisa is related to the feeding, it seems likely to postulate that the
spring-spawvned herw»ing in the north-eastern Horth Sea and those at the
west coast of southern Horway have inhnabited the same feeding grounds
during the first,second and third year.

el

omeluding remaris

In an attempt to outline the connection between the spring-spawning
group ©of herring in the ncrtii-eastern North Sea and the two spring-
spawning stcoccks at the coast of Horway, i.e. the Norwegian spring-
spawning stock and the spring-spawners at the west ccast of scouthiern
Horway, some biological characters for these groups of herring have
been compared,

.

Due to the plesticity c¢f these characters it is impossible to iden-

tify the individual fish, but coumparing several characters and large
samples this method wmay, however, provide valuable informaticons in this
identification work,

The age composition, age at first spawning, scale type, growth

characteristics, such as otolith =zZone neasurements and mean 11, 12 and

in the north-ecastern

03

13 values for the spring-spawning group of herring

[N

e
North Sea deviated comsiderably from those obtained for the Norwegian

i

spring-spawning stock, It is therefore conecluded that the occurence
of herring from this stock was negligible in the ncrth-castern North Sea
during the years 1961-63., This is in contrary to earlier investigations
by Broch (1909),Hjort and Lea {1911} and Bjerkan {1917), who found a
dominance of the Norwegian spring-spawning stcck within the spring-~
spawning grcup of herring in this area., The lacking o¢f members of the
Norwegian spring-spawning stock in the north-castern Horth JSea in recent
vears may be explained by the change of spawning grounds for this stock
{(DPevold 1963), The spawning grounds have since 1360 been situated cff
Mere and it is therefore reascnable to assume that the migration route
to and from the feeding area in the forwegian Sea in recent years wild
be north of the North OCea,

When comparing the spring-spawning group of herring in the ncrth-
o

9Q

eastern Horth Sea and the spring-spawners at the west ¢
Horway, good agreement was found in age at first spawning, scale type,
and growth rate during first, second and third year of life.

These characters are susceptible to emvivonmental influence, and the
good conformity may argue for that the herring have the same feeding
and overwintering area® Jduring the three first year of life,

These characters deviate from these of herring which have their nursery
and adclescent stages in coastal waters (Runnstr@m 1936), and it is
therefcre suggested that the spring-spawners at the west coast of

scuthern Norway have spent their three first yvears in the North Sea.
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The spring-spawning stock at the west coast of southern Norway
differ from the spring-spawning stocks in the northern North Sea by
being spawning in inshore waters of relative low salinity and tempera-
ture, having different abundance of year-~classes and probably also a
higher mean vertebrae count, Cutside the spawning season the variocus
spring-spawning stccks prcobebly nmix freely in the north-castern North
Sea. The lcw total mean vertebrae cont, and the Icw abundance of the
1960 year-class among the spring-spawning group cf herring in the north-
eastern MNorth Sea may, however, indicate that the spring-spawners from
the west coast of southern Norway oaly constitute a minor part of the

herring in this area,
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rm?able 2, Frequency distribution of vertebrae of spring spawners

from north-eastern HNorth Sea, 1961-63,

Samplc Vertebral count
nunber Date ' - - 2
55 56 57 58 59 6¢ | 7 - &
1 11/9-61 -~ 3 5 2 - - 10 0.1000 0.5LkL
2 2k/9-61 - 3 L 1 1 - 9 0.0000 1,0000
3 16/10-61 - 1 16 5 - - 22 C.,18318 0©.2511
L 19/12-61 - L 17 6 - ~ 27 C.97k1  0,378%
5 19/12-61 - 1 23 13 - - 37 0.3243 0.2808
) 19/1 -62 - 3 34 7 1 - Lsg 0.1087 G.3213
7 20/1 -62 - 15 32 13 1 - 61 ¢.000C 0,5333
3 1/3 =62 1 18 53 11 2 - 85 0.0588 00,4846
9 2L/3 ~62 - 1 7 1 - - 9 0.000C 0.2500
10 5/5 -62 - 2 16 L - - 22 00,0909 ©.2771
11 7/5 ~-62 - 5 13 7 - - 25 0.0806 ©,4933
12 22/5 -62 - 2 10 3 - - 15 0.,0667 06.352L4
13 7/6 =62 -~ L 12 6 - - 22 C,09C9 ©,4675
14 27/7 ~62 - 20 83 21 1 - 105 0.0286 0.4319
15 28/8 -62 -~ 10 ig 23 - - 82 0.1585 ©.3820
16 3/9 =62 1 21 92 41 - 1 156 0,136 00,4656
17 25/9 =62 - 2 14 2 - - 18 $.000C GC.2353
18 9/10-562 - 11 Ll 12 1 - 68 0,C4L41 ©,4010
19 20/11-62 - 5 7 14 1 - 3 0.2973 . 54830
20 22/1 =63 - 11 23 11 1 - L& 0.0438 ©.5758
21 20/2 =63 - L 2L 3 - - 31 C.0323 00,2323
22 23/3 =63 - 2 2 2 - - S ¢.0000 00,8000
23 3/5 =63 - - 9 2 - - 11 0.1818 ©,1436
Tota 2 149 579 210 g 1 950 C.0821 O.hk274
Table 3. Vertebrae Ffreguency distributions of the Norwegian spring

spawning stock, spring spawners from 5% of Horway and the
spring spawning group in north-eastern North Sea.

Yertebral Count
- 2
Categories 55 56 57 58 59 &G n x é
Horwegian spring
spawning stock, 1962 - 65 308 120 L 110 kg8 ©,1325 O.1434

Spring spawrners,
SW coast of Horway, - 35 176 31 7 - 298¢ (00,2007 0.2079
1962 and 1963

Spring spawners 2 149 579 210 < 1 950 00,0821 0.4274
Horth Sea, 1962

x= average deviation from "working mean", 57 vertebrae,



Table 4. Ranges and means of first growth zone measurements on
otoliths for the spring spawning group .of herring in

o

north-eastern North Sea ( 1 mmit= 0.0L09nu),

Sample
number Date Range Mean n
1 11/5-61 18-25 23.2 10
2 2L /6561 22-26 23.7 7
3 16/10-61 14-28 23,2 19
L 19/12-61 15-26 22,1 22
5 19/12-61 13-25 22,2 31 g
Sum 1961 13-28 22.6 39
6 19/1 -62 15-26 22,2 Ly
7 206/1 -62 18-27 22,5 60
8 1/3 =62 17-29 23.3 83
9 2L /3 -62 20-25 23.bh 8
10 6/5 =62 1427 22,k 21
11 7/5 =62 21=-27 23.9 23
12 22/5 ~62 19-25 22,2 15
13 7/6 -62 18-26 23.1 23
14 27/7 -62 15-28 22,4 59
15 28/8 -62 15-27 22.9 78
16 3/9 =62 15-27 22,8 138
17 25/6 -52 20-28 23,1 17
13 $/10-62 1L-27 22,7 51
19 28/11-62 20-27 23.8 28
Sum 1962 14-2¢ 22,8 690
20 22/1 =63 22-29 2L,9 35
21 20/2 =63 20=-27 23.2 2L
22 23/3 =83 22-26 23,3 6
23 3/5 -63 21-24 227 11
Swn 1963 20-29 23,9 76
Grand total 13-29 22:9 855
Table 5. Hean 11, 12 and 13 values of three yvear-old (1959
year-class) herring of the spring spawvning group in
north-eastern Horth Sea, the spring spawners on west
coast of southiern orway and the Norweglian spring
spawning stocl,
Categories 11 ol 12 hed —13 n
Spring spawners 5 o N o o
HE North Sea 13.00 135 22,89 135. 27.68 88
Spring spawners o ﬁ z P <+) o
SW coast of Norway 13.60 98 23.50 96 28.66 95
Horwegilan spring ‘
spawning stock(S-type) 2.85 152 16,98 152 24,07 152

+) total mean length cof thiree year-clds in April,
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