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INTRODUCTION

Some scientific investigations on the herring around Iceland started dur-
ing the 18th century (Ovarsson, 1772), but these were sporadic and a real
progress was not made in identification of the stocks and their life history
until Danish scientists started their work in Icelandic waters at the end of
the 19th century. Judging by his investigations in 1905 Szmunbsson (1906)
concludes that there must be two and only two stocks of herring in Icelandic
waters, ie. the spring and summer spawning stocks. In later years Frib-
rigssoN (e.g. 1944) put forward his theory concerning the migration of the
Norwegian spring spawning herring between Norway and Iceland.

Tagging results have since verified this theory on numerous occasions.
In Icelandic waters we are therefore dealing with three herring stocks, i.e.
Icelandic spring spawners, Icelandic summer spawners and Norwegian spring
spawners,

The object of this paper is to review the biology of the two Icelandic
stocks with regard to life history, maturation cycle and fecundity. Absolute
abundance estimates are also given.

THE DIFFERENTIATION OF STOCKS

During the feeding periods the whole population complex of the Atlanto-
Scandian herring often mixes freely on the feeding grounds in wide areas
north and east of Iceland. This was especially noticeable in the period 1957
—1962. Results from tagging experiments that have been carried out on
the respective spawning grounds show that the three main stocks, i.e. the
Icelandic and Norwegian spring spawners and the Icelandic summer spaw-
ners, segregate after the feeding period and mixing on the spawning grounds
is negligible. Since this paper only covers the two Icelandic stocks, the ma-
terial has been chosen from pre- and postspawning populations at the south-
west coast of Iceland where intermixing with Norwegian herring is very little
and therefore the danger of errors, due to uncertainties arising from identi-
fication of the stocks, is minimal. The two Icelandic stocks are, however,
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F1e. 1. Schematic representation of the maturation cycle of lcelandic herring
based on data from 1961,

mixed most of the year with the exception of the two spawning periods.
These periods are not entirely separated, in fact stray individuals with run-
ning gonads have been reported throughout the year. The height of the
spring spawning season is in March and that of the summer spawning in
July and early August (Fig. 1). In late April and in May the spent spring
spawners are usually found together (in the same shoals) with the prespaw-
ning population of the summer spawners. During June the two stocks segre-
gate, the spring spawners migrate to the feeding grounds west or north of
Iceland or some part of the stock may migrate in an easterly direction to-
wards the rich feeding areas off the east coast while the summer spawners
assemble on the same, but probably more extensive, spawning localities as
used by the spring spawners. During August and September spent summer
spawners are often found in wide areas, again mixed with the spring

In the autumn the main part of the adult population is usually found
off western Iceland, slowly migrating southward in November and Decem-
ber as the water temperature in this area decreases, In recent years the two
stocks, or at least a considerable proportion of them, have remained in
coastal waters off the south and southeast coasts until late February when
the spring spawners have begun to assemble in the spawning localities. The
summer spawners have then disappeared to unknown areas to be ready for
after the close of the spring spawning
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ferent maturation cycle as shown schematically in Fig. 1. The classification
of the immature herring has not been attempted and the separation of the
Icelandic herring into two stocks for the purpose of growth and density cal-
culations was thus entirely based on maturity analyses of the gonads.

THE FEEDING AND GROWTH RATE

The feeding cycles of the two Icelandic herring stocks are closely con-
nected with their biology and especially their spawning periods. Thus the
spring spawners have one feeding period that begins soon after the termina-
tion of the spawning, ie. probably some time during the 2nd half of April,
and after that feeding is more or less continuous throughout the summer with
varying intensity depending on the quantity of zooplankton, especially that
of copepods and euhausiids. Generally very little food is observed in the sto-
machs after about mid October, but occasionally herring samples appear in
the middle of the winter with stomachs full of euphausiids. This winter feed-
ing is, however, very sporadic and of little significance. During the first half
of the summer the body and internal fat contents of the spring spawners
increase steadily, but during the second half of summer and autumn the fat
contents remain more or less constant while there is a rapid development
of the gonads (Fig. 1).

The summer spawners also feed intensely during May and June, but
their body and internal fat content does, however, not rise significantly and
is usually about 129, throughout this prespawning period. Meanwhile there
is a sudden development of the gonads as clearly shown on Fig. 1. Feeding
is then interrupted during the middle part of the summer by the spawning
season, but by mid August, feeding is resumed again. During this period the
physiological processes are strikingly reversed because then the gonads re-
main restive in maturity stage VIII for the next eight months, while there
is a gradual increase in the body and internal fat contents until feeding is
terminated by winter conditions in the sea.

Thus feeding and the resulting physiological processes in the spring and
summer spawners are in striking contrasts:

1. The spring spawners have only one feeding period whereas the summer
spawners have two.

2. During early summer the feeding mainly affects the body and internal
fat in the spring spawners while only the gonads are affected in the
sumrner spawiers.

3. During late summer and autumn there is a rapid development of the
gonads in the spring spawners when these are restive in the summer
spawners.

The growth curves for the two Icelandic herring stocks were calculated
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1. 2. Growth curves and growth parameters of Icelandic herring
based on data from 1961—1964.

and are shown in Fig. 2. The data used for these calculations are from the
four year period 1961—1964 and the samples were all taken from purse
seine catches. The data fit Bertalanffy’s growth equation reasonably well with
the exception of the younger not fully recruited age groups. The mean lengths
of 3 and 4 year old herring lie considerably above the curve, probably due
to the fact that the largest fish of each yearclass are recruited first. Fig. 2
shows that 2—5 year old summer spawners have higher mean lengths than
the spring spawners, but for the older yearclasses this is reversed. It should
be noted that the age of the summer spawners was determined by the num-
ber of winterrings. This is in agreement with K. A. Liami’s (1959) ob-
servations that most of the summer spawners form a winterring already dur-
ing their first year of life. Emvansson (1951), on the other hand, considered
that the summer spawners did not form their first winterring until their
second year of life. Considering the time gap between the hatching in the
two stocks (March—July) the larger size of the summer spawners when
young was cerlainly not expected by the present authors, It is well known
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that the size of the young herrin

their life.

Clearly this important problem must be mvestigated in more detail be-

fore firm conclusions can be reached.

The higher K and lower Lo, shown in Fig. 2 for the summer spawners
might point to more affinities of this stock to the North sea autumn spaw-
ners, whereas the lower K and higher Ly of the s
in accordance with these parameters found for the
ners (Beverron, 1963).

pring spawners are more
Norwegian spring spaw-

FECUNDITY

For this study 74 spring spawners were collected from the south coast
in November—December 1965 and 33 summer spawners from the south-west
coast in July 1967. Length, total weight and weight of ovary were recorded;
otoliths and scales were taken for age determination of all fish sampled.
The ovaries were preserved in a modified version of Gilson’s fluid as used
by Smvrson (1951). The eggs were cleaned thoroughly and counted totally
with an automatic fish egg counter (Parrism, B. B, Baxrer, I G., Mowar,
M. J.D., 1960). Our thanks are due to Mr. I. G. Baxter of the Marine La-
boratory, Aberdeen, for counting the eggs of the spring spawners. The eggs
of summer spawners have been counted by the present authors using an egg
counting machine of similar type (described by Scrurz, 1968).

Figure 3 shows the relationship between fecundity and length for the
both races of herring. Data were transformed to logarithms and regression
lines fitted by the method of least squares, giving for summer spawners:

log F = 6.855 - log L. — 5.199

or in the arithmetic transformation:

F = 0.000009036 - 1.6-855
and for spring spawners:
log F = 4.1285 - log I, — 15189

or

F = 008032 141485
where F denotes the fecundity and L the length.

g resulting from the summer spawning is
much smaller than the fry from the spring spawning at the end of their

first winter and after that the immature herring of both stocks are believed
to be assembled in the same general localities. The results of the present
growth analyses therefore tend to support Eivarsson’s view that in the majo-
rity of the summer spawners no winterring is formed in the first year of

= e
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s Because of the different length distribution, Icelandic spring and summer

eir : spawners are only comparable over a short range of length, ie. 28—33 cm.

ved It appears that over that range the fecundity of the summer spawners is

ent significantly higher. There is little or no overlap in fecundity between these

jo- two stocks.

of In Figure 4 the relationship between fecundity and weight is shown.
The relationship appears to be linear and can be expressed by the follow-

be- _ ing equations:

i Summer spawners: F=718: W-91938
. | Spring spawners: F = 189 - W-7383
-

where F denotes the fecundity and W the weight.

- From the linear equations, we can derive the rate of increase in fecundity
L with weight for both races:
Summer Spawners  Spring Spawners

Number of eggs per 10g .......... 7180 1890

There is a striking difference between these stocks. The increase in fecundity
a5t
est Tasre 1.
d; The relationship between fecundity and age
d.
i Spring spawners Summer spawners
1 Average  Average Irequency Average  Average Frequency
y Age fecundity  weight (n) fecundity  weight (n)
\T', g g
Ja- - - _—
as B s 33.070 223 35 G7.450 235 2
} ;R 42.270 254 35 88.640 255 10 .
28 5 ... 44550 300 2 160.830 345 11 0

6 i - 59.350 315 2 136.280 304 .
he g
n ’ a4
TaBLE 2,

The relationship between fecundity and length for 3 and 4. years old
spring spawners

e

Age 3 Age 4
Average  Average Frequency Average  Average Frequency
Length fecundity  weight (n) fecundity — weight (n)
g g
28 ....... 32.300 198 5 ‘
S 31.290 221 21 38.620 298 6 ‘
] 1/ —— 38.430 239 41.840 247 14

0~

....... 35.000
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of the summer spawners is nearly four times greater than that of the spring
spawners,

Figure 5 shows the relationship between fecundity and age. The fecundity
also increases with age as expected, but the figures show a wider scatter,
especially among the summer spawners.
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The increase in fecundity with age for both races is given in Table 1.

Obviously the inverse relationship between fecundity and age in 5 and 6
year old summer spawners is due to the lower average weight in the older
fish.

Among the spring spawners two age groups (3 and 4) were well repre-
sented. The relationship between fecundity and length for the two ages se-
parately is given in Table 2. Such a comparison was not possible among the
summer spawners because of insufficient material. Although an increase in
fecundity with age at a given length is indicated, the test of significance
failed to show significant differences between the means of fecundity of the
3 and 4 years old fishes at a given length.

An attempt was made to determine whether fecundity is related to the
number of times the fish has spawned as well as to its age (Table 3). From
the data of Table 3 it seems that the first-spawners are slightly more fe-
cund than the repeat-spawners of the same age and, amongst the repeat
spawners, the fecundity increases with the number of times they have spawn-
ed. In hoth cases, however, the differences are not statistically significant.

The only previous worker dealing with fecundity of herring in Icelandic
waters was Liamin (1959). He estimated that the fecundity of the summer
spawners from Iceland and Faroes ranges from about 55.000 to 294000 eggs
for fish differing in length from 24 to 33 cm (Table 4). In Liamin’s paper it
is not said, whether length measurements have been made for “total length”
or for “fork length”. Assuming that these are fork lengths Liamin’s estim-
ates agree fairly well with the present counts.

Otherwise the reasons for the difference between these two sets of estim-
ates are not fully understood. Differences of this order can not possibly be
attributed to differences in the counting technique nor to differences in fe-

TaBLE 3.

The relationship between fecundity, age and spawning zones

Spring spawners Sumimer spawrners
Age Number of Average A verage Frequency Average  Average Frequency
spawning fecundity  weight (n) fecundity — weight (n)
zones g g
25 S 0 33.750 228 13
1 32.670 220 22
4 0 48.800 250 1
1 41.280 254 20 58.980 220 5
o 2 43.210 256 14 118.280 290 5
G wien w3 2 148.550 325 2
168.560 9
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TABLE 4.

Fecundity of ITeelandic summer spawners.
Comparison of present data to those of Liamin,

Present data Liamin’s data
Length Average Frequency Average Frequency
em fecundity fecundity
P s o e 41.400 2 87.300 2
DB v e oo 52.700 2 111.800 2
- s 20 e 66.900 2 138.000 12
) 30 enmran e v o 84.450 A 163.000 9
: e 105.300 2 195.000 17
L8172 BB oo v v s 131.400 6 212,300 97
88 e mam 162.300 7 213.000 7

Please note that Liamin’s data are probably based on fork length and his
97 cm group therefore corresponds to our 30 cm group.

cundity from year to year although some moderate changes in fecundity of
herring have been described by Porprr & Zisistra (1959) and for flatfish
by Bacenar (1957).

Farran (1938) and Baxter (1959) pointed out that fecundity and egg
size in herring are inversely related and Hemprr and Braxter (1967)
showed egg size as a racial character. Because of the high fecundity of
the Icelandic summer spawners one can expect very small eggs. For technical
reasons it has not been possible so far to measure ripe eggs of Icelandic her-
rings. It would be of interest to compare egg sizes of spring and summer
spawners in order to determine whether there is a characteristic egg size
for each of the Icelandic herring stocks.

THE RELATIVE AND ABSOLUTE ABUNDANCE

Prior to 1960 both the Icelandic herring stocks appeared in the drift net
catches taken in autumn off the southwest coast in more or less even num:
bers. (Emvarsson 1956 and unpublished data). Since 1961, however, an ever
increasing amount of the population has been made up of summer spawn-
ners and by 1967 the share of the spring spawners had shriveled to less than
one fifth of the total catch taken off the south and west coasts (Table 5).
At the same time there has also been a sharp decline in the abundance of
Icelandic spring spawners on the north and east coast summer fishing grounds.
This stock, which prior to 1962 accounted for approximately 509 of the
catch from this area, has now become quite insignificant and in 1967 it was
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TaBLE 5,

Total catch % of

Metric tons Catch
Year ISPR ISUM ISPR ISUM
1961 .......... 37,838 69.747 352 64.8
1962 vonrawnve 50.809 97.690 34.2 65.8
j L2753, TP 33.852 122.148 AT 78.3
1964 .......... 39.446 81.654 32.6 67 4
1965 5.6 svsaas 44,032 127.968 25.6 744
{27 T ——— 14.824 53.176 21.8 78.2
i L2 - 14.480 65,520 18.1 81.9

responsible for less than 19, of the total (Jaxossson 1962—1967, JaRoBssoN
and Vicmrirmsson 1968).

Since 1961 tagging experiments on herring caught by purse seine nets
have been carried out during the southwest coast spring fishery in late April
and May. Using the returns from these experiments in the following year
and handling them as done by Dracesunp and Jaxossson (1963) for the
Norwegian herring, estimates of the absolute abundance of the herring stocks
were obtained. Estimates of F, the instantaneous fishing mortality coefficient,
were calculated from the ratios of the absolute estimates and the total catch
of both stocks taken by Icelandic fishing vessels. Table 6 shows that I is
nearly constant during the 3 year period 1962—1964 while the stock has
been reduced by half. In 1965 F increases by same 109, but comes down
again in 1966 to the previous level of 0.38 due to the great reduction in
catch. The estimates of F = 0.38—0.48 are considerably heigher than those
obtained for the Norwegian herring (Anon 1964) and the reduction in stock
size is calculated to be almost fourfold during the five year period 1962—1966.
The actual decline, however, is almost certainly even greater than that since
in 1962 and 1963 we were only dealing with mature herring, but in 1964
and particularly in 1965 and 1966 a considerable proportion of the material
consisted of immatures.

During the last decade great changes in catching technique have taken
place in the south and west-coast herring fishery. Before 1959 this fishery
was conducted almost exclusively by drift nets in late summer and autumn
with landing figures quite stable at around 20—30 thous. tons yearly. After
1959 the drift nets were rapidly replaced by the purse seine and puretic
power bloc, and this together with the advent of sonar and a better know-
ledge of the behaviour and migrations of the herring resulted in a manifold
increase in catch in the following years as shown in Table 5. In 1961 the
herring season was extended through January to late May and on and after
1963 herring fishery off the south and west coasts of Iceland to more or less
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TaBLE 6.

Abundance F
Year in thousand (fishing mortality)
tons coefficient
1962 .......... 931 0.42
1963 .......... 619 0.38
TO6F  uimaneias 457 0.38
1965 .......... 304 0.48
1966 .......... 270 0.38

continuous throughout the year. The depletion of the Icelandic herring stocks
thus goes hand in hand with a revolutionary change in fishing technique.
The recruitment was at the same time poor and in fact no reasonably good
yearclasses have been recruited to either stock since 1956. To be certain the
yearclasses from 1961 and 1962 appeared at first to be above average in
abundance. Their recruitment to the mature stock in 1965 and 1966 failed,
however, to a large extent which was probably mostly due to an excep-
tionally heavy fishing for immature herring off South and Southeast Ice-
land in the summer of 1965 and 1966.

The rapid decline and present poor condition of the Icelandic herring
stocks, the spring spawners in particular, therefore seems to be effected by
poor recruitment during a period of much intensified fishing effort

AGRIP

Rannséknir Bjarna Seemundssonar, Arna Fridrikssonar o. fl. leiddu i 1jés,
ad vid Island er um brja sildarstofna a¥ rada, p.e. islenzka vorgotssild,
islenzka sumargotssild og norska vorgotssild. Hinn siast nefndi sildarstofn
hrygnir vid Noreg, en hinir tveir vid Island.

Pessir prir sildarstofnar blandast oft & etisgéngum sinum, en greinast
svo sundur aftur, pegar dregur ad hrygningartimanum. Sidari rannséknir
hafa leitt i 1jés, ad 4 hrygningarstédvunum er um svo il alveg adskilda
stofna a8 reeda. Islenzka vor- og sumargotssild er t. d. a¥ finna i somu torf-
um allan érsins hring nema 1 takmarkadan tima rétt fyrir og um hrygningu.
Vorgotssildin hrygnir adallega i marz og byrjun april, en sumargotssildin
einkum 1 juli.

1. mynd synir, ad kynproskastig hrogna og svilja islenzkrar vorgotssildar
annars vegar og sumargotssildar hins vegar, eru mjég 6lik. Auk pessa ern
ymis Snnur atridi 1 liffraedi islenzku sildarstofnanna mjég mismunandi.

Vorgotssildin hefur t.d. eitt samfellt feeSudflunarskeid 4 ari, en sumargots-
sildin tv6, Fyrri hluta sumars fer feeda vorgotssildar einkum i ad auka inn-
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yila- og bukfitu, en 4 sama tima proskast svil og hrogn sumargotssildarinnar
mjég hratt, en fittmyndun er mjog litil. Véxtur bessara tveggja sildarstofna
er i ollum aBalatrium mjég svipaBur. Pé virdist vaxtarhradi sumargotssildar
vera 6llu meiri framan af avi eins og synt er 4 2. mynd.

3. og 4. mynd syna, ad hrognatjsldi sumar- og vorgotssildar er mjog
6likur, pannig a8 hinn fyrrnefndi sildarstofn hefur mun heerri hrognafijslda
en hinn sidar nefndi. S& medal hrognafjoldi reiknadur Ut midad vid hver
10 g heildarpunga kemur i ljs, ad hrognatjéldi sumargotssildar er 7180 en
vorgotssildar 1890 e¥a neerri fjérum sinnum leegri,

Steerd islenzku sildarstofnanna hefur minnkad mjég a4 &rabilinu 1962
—1966. StofnsterSar-titreikningar, sem gerdir eru eftir endurheimtum sild-
armerkjum, syna, ad vid upphaf framangreinds timabils voru sfldarsiofn-
arnir taldir vera 931 bésund lestir, en 270 btisund lestir vi§ lok pess. Hlutur

vorgotssildar hefur farid minnkandi } aflanum, en hlutur sumargotssildar
vaxid ad sama skapi.
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