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RECRUITMENT OF YOUNG ARCTO-IORWEGIAN COD AND HADDOCK
IIT RELATION TO PARENT STOCK SIZE

INTRODUCTION

Variations in abundance of recruits in the Arcto-Norwegian cod and
haddock stocks have been described by Hjort (1914), Rollefsen (1930,
1954), Sund (1924, 1936), Hylen {(1962) and Garrod (1968). The relative
strengths of poor and rich year-classes in the cod stock measured at age
&% 3 years were found to be in the order of 1:20 for cod and haddock in
the period 1946-1963. Also the time interval between the appearence of
rich year-—classes in these stocks can be relatively long in some periods

even more than ten years (4Anon. 1970).

The causes of the variation are not known, but current hypothesis concen-
trate on possible variability of parental factors and of environmental
conditions in the sea shortly after hatching. Since Hjort (191%4) demon-
strated the great fluctuations in year-class strength of fish stocks in
the Northeast Atlantic the general view has been that within the range of
stock size variations studied, the numerical strength of a year-~class is
independent of the sisze of the parent stock im fish species with high .~
fecunndity. The evidence supporiting this concept of stock size énd re—
cruitment has been reviewed by Beverton and Holt (1957). Recently this
theory has been challanged by data from Horth Atlantic cod and haddock
stocks (Garrod 1966, 1968, Anon. 19638a, 1969a). Garrod found evidence

for a decrease in recruitment with decreasing parent stock size for Arcto-
Horwegian cod and claimed that the declining trend in recruitment that has
been observed in this stock, is assiciated with an increasing fishing
effort, He assumed that if the spawning stock remains stable it will om
the average produce enough young to replace the average of its constituent

year-classes.

In the present investigations the series of observations is too short to
give firm comclusion of the relationship between the parent stock size
(the spawning potential) and the subseqguent abundance of the resulting
yvear—class. The paper attempts to present relative estimates of year—
class strengths at the O-group stage (i.e. about 6 months of agd of Arcto-
Horwegian cod and haddock and te correlate these with subsequent yesar-
class strengths in the young adolescent phases. Abundance estimates of
the 1963-1969 year-classes are used to discuss the relationship between
recruitment of young Arcto~-Norwegian cod and haddock in relatiom to the

parent stock size.



MATERTAL AND HMETHODS

&-group fish surveys

Joint investigations were carried out during the period 1965-1969 by
labatories conducting fisheries research in the Barents Sea in order to
estimate year—class strength at the O~-group stage (4Anon. 1965a, 1966,
1967, 1969b, 1969¢c). Prior to this period {in 1963 and 1964) data are
available from surveys conducted by Institute of Marine Research, Bergen
(Dragesund and Oisen 1965, Dragesund 1970b). The O-group survey in 1963
was restricted to the Barents Sea (Figs. 1 and 8), and data from the
USSR young fish survey in 1963/64 to the Bear Island/Spitsbergen area
were taken into consideration (Hizovtsev 1964, 1968a and Baranova 1964).
The basic technique employed in the O-group surveys was echo sounding and
sampling with midwater trawl (Dragesund and Olsen 1965, Dragesund, Midt-
tun and Olsen 1970).

Experience has shown that if the Barents Sea surveys for O-group fish arc
carried out from late August to early September, the fish are large enough
to be detected. They are pelagically distributed and cccur gemerally in
the upper 100 metres of water. During the dark period the O-group fishes
form more or less uniform scattering layers. When concentrations are not
too dense single individuals can be distinguished. In day-time, however,
the fish cluster together forming either small schools or discontinous

layers of schooling concentrations.

In gencral the identification of O-group fish from the echo reording
paper glone is not possible. However, in the Barents Sea surveys it has
been possible to distinguish between several types of recordings which
have been identified by midwater itrawling. In theis area, therefore,
analysis of echo recordings combined with frequent sampling with fishing
gears seems to be possibie for establishing the geographical distribution

of O~group fish in August-September.

The catching gear used by all participating vessels was a small meshed
pelagic midwater trawl with headline and footiine of 18,3 m, sideline of
15,3 m and mesh size from 100 mm (wings and square) graded down to 8 mm
{cod end). The catchability of the trawl was tested by intership compari-
sons carried out during the surveys., The depth of trawling was checked by

a depth recordexr attached to the trawl.

O-group echo abundance

4 simple counting method can be applied as long as the single fish can be

distinguished on the echo paper. In dense layers and in schools this met-



hod can not be used on standard echo sounder equipment the O~group fish
are nmost frequently recorded as multiple echo traces. Exact measurement
of multiple echoes is possible, but somewhat sophisticated instrument-—
ation is mnecessary. However, Dragesund (1970b} hos shown that fairly
reliable relative abundance estimotes could be obtaimed by visual classi-
Tication or grading of paper recordings of multiple scatters in l) very

scattered, 2) scattered, 3) demse and L) very dense echo recordings.

The best conditions for estimating abundance exists during the dari period
when the fish fry occuxr in more or less continuous scattering layers.
Since the surveys are carried out also in day time, a conversion factor
between day and night recordings was established by frequently surveying

the same area both by day and by aight.

The abundance of O-group fish is a function of the area of the herizontal
distribution, the vertical extension and the density of the scattering
layer. In the present investigations the arca of distribution of O-group
cod and haddoclk together with the demsity of the echo recordings (the
echo abundance) have been used to study the variation in abundance from
yvear to year., The results of some preliminary experiments on O-group
herring (Dragesund 1970b) gave a ratio of the oxrder 1:10 between catch in
numbers in a scattering layer by night of density l) and 2) compared with
that of demsity 3) and 4), which might be the correct order of magnitude
for othoexr species too., Indices of total echo abundance, were therefore
estimated by multiplying the area of dense recordings by a factor of 10
and zdding thesc estimates to those of the arca with scattered recordings.
The vertical exteomsion of the scattering layer varied, This feature is

]

not taken into account and might gidve a bias in the abundence indices.

Young fish surveys

The USSR Polar Institute of Marien Fisheries and Oceanography has since
1946 made yeariy surveys of young cod and haddocl to determine annual
recruitment to the Arcto-lNorwegian cod and haddock stocks. 4 25 m bottom
trawl inserted with a cotton net in the cod end has been used for sampling
(Baranenkova 1957). The cover net was 6-3 m long with 10 mm mesh size.

Ages were determined from otoliths,

The number of fish in each age—grocup caught per hour trawling is taken as
abundance index., The indices are obtained by dividing the total catch in
mumber of different age~groups in the Barents Sea and the Bear Island/

Spitsbergen arcas by the respective hours trawling during the survey per-—
iod. The abundance indices for cod (Nizovtsev 1965, 1967, 1968b, i968c, .
1969 and Hizovisev and Trambachev 1969) and haddock (Baranova 1966, 1967,

1968a, 1968b and 1969) are given separately for ecach year-class at an age ¢



O+ {i.c. from age 6-13 months), 1+ and 2+ for the Barents Sea and for the
Bear Island/Spitsbergen areas respectively. These two regions have diff-
erent areas. Consequently the catch per hour fishing in the two regions
is not directly comparable in terms referring to the total stock. It is
therefore necessary to weight thoe abundance indices for the two regions
in order to combine the data. A4is supposed by Garrod {1967) the catch per
unit effort data for the two regioms can be combined by supposing that
the Bear Island/Spitsbergen "stock" was distributed over an area equiva-
lent to that of the Barents Sea "stock". The weighed abundance indices
for the Bear Island/Spitsbergen areas are therefore estimated by dividing
the catch per unit effort figures by 3,54, which is the ratio between the

Barents Sea and the Bear Island/Spitsbergen areas.

The vear—-class strength in numbers at 3 years of age have been estimated
by virtual population analysis (4non. 1965b) by assuming a2 natural
mortality rate of M= 0,30 for cod and M= 0,20 for haddock (Anon. 19692,
1970 amd Hylen and Eide 1969), A fishing moxtality rate of F= 0,30 for
older cod and haddeck is applied in the calculations. This method gives
only the numerical strength of the 1963 and 1964 year-classes in the
period studied, However, by comparing the abundance indices from the
USSR young fish surveys in the period 1946-1964 the respective yezr—-class
strengths at 3 years of age for the same year-classes, the numerical
strength of the 1965-1968 year-classes might be given (Anon. 196%a, 1970

and Hylen and Eide 1969).

The virtual population analysis gives estimates of the absolute numerical
strength of each age-gioup each year. When a maturation ogive is applied
to the estimated age composition of the stock for each year, estimates of
the spawning stock size and its age composition are obtained., The spawning
potential can be estimated from the estimated age-composition when the
fecundity is known. Fecundity data for cod and kaddock in the Northeast
Lrctic are insufficient, but the fecundity is assumed to be approximately
propotional to the weight of the fish, and the total weight of the parent
stock is used as an index of the spawning potential, Acccrding to Botros
(1959) the suggested fecundity/weight relationship underestimates the true

relationship as far as coal is concerned,

RELATIONSHEIP BETWEEN MEASURES OF YEAR-CLASS ABUNDANCE

Cod

The echo abundance indices of O-group cod distributed north of 67ON are
estimated for the year-classes 1963-1969 (Figs. 1—7). These indices are

plotted against the abundance indices at 0+, 1+ and 2+ years of age
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respectively (Fig. 15). A correlation is indicated between the echo
abundance of O-group cod and the abundance at 0+. No correlation could
be found for O-group echc abundance and the other measures of year—class
abundance estimated from the young fish surveys. This is mostly caused
by the low abundance indices of the 1963 year-class at 1+ and 2+ (Fig.
158-C). In Fiz. 15D the O-group echo abundance is plotted against the
mamerical strength at 3 years of age, obtained from the virtual population
analysis. The numerical strengths of the year-classes 1965-1968 can not
be measured from this analysis, since they have not yet been available in
the fishery for long enough time. However, it is no doubt that they are
very poor year-—classes, and a corrclation between the two measures of ,

car-class strength is suggested.
S S

Haddock

The relationship between O-group echo abundance indices of haddock and

the abundance at O+, 1+ and 2+ is shown in Fig. 16. No correlation was
found between the O-group abundance and the abundance at 0+, whereas
correlations are observed between O-group abundance and year-class strength
at subseguent stagesg(Fig. 16B-C). Excluding the year-class of 1967 a
correlation is aiso indicated between O-group abundance and subsequent

year-class strength at 3 years of age (Fig. 16D).

2]
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ationship between parent stock size and subsequent yveer-class strength.

od
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Virtual population analysis give for each year estimates of the numerical
strength of each age—-group in the stock. By applying a maturation ogive
to these numbers an estimate of the spawning stock size is obtained.
Garrod (1967) used a maturaton ogive derived from the relative number of
first time spawners (Rollefsen 1954) by a method described by Gulland
(1964). Rollefsen found first time spawners up to 1k years of age, but
first time spawncrs have in the last 3-5 years only been represented by

a small number at 13 years of age and none at 14 years of age {unpublished
Norwegiam data). A similar maturation ogive to that given by Garrod {(1967)
has been drawn {(Fig. 17), starting with 100% maturation at 13 years of age
and ending with 2% mature fish in age-group six. When applying this
maturation cgive on the absolute numerical stock composition the age
distribution of the spawning stock can be estimated for the period 1963~

1969, These age~distributions are similar to those obtained from the



otolith samples of long line eatches of spawning cod (Fig. 18). However,
the older age-groups are more abundant in th estimated spawning stock
than in the samples of long line catches.. The purse seine catches which
are expected to be more represcntative for the spawning stock than long
iine catches {Roilefsen 1955 and Hylcon 1952) consisted of older fishes.
It is therefore suggestsd thnt the absolute numerical estimated compo-

sition of the spawning svo2z is fairiy good.

A propotional reliationship vetween weight and fecundity is assumed. This
implies propotional wrelaticuship betwecen spawning potential and the weight
of the stock. VWhen estimating the weight of the spawning stock the same
age/weight relationship is used ag by the North-East Arctic Fisheries
Working Group. The absolute size of the parent stock in hundreds of
metric tons is plotted against subsequent year—class strength at about

6 months of age (Fig. 19). A relatively small veariation in parent stock
size has been observed in this period. The year-—classes 1963, 1964 and
1969 were the most abundant ycar-classes. A relationship between the
parent stock sizc and the abundance of the resulting year-class at 6
months of age may exist for the most abundant year—-classes in the period

studied, but not for the othcr groupr of ycar—classes.

Haddoclk

The numcerical strength of each age group each year in the period 1963~
1969 is estimated by using virtual population amalysis. 4 maturation
ogive estimated from material sampled in the Barents Sea {Sztersdal 195%4)
during autumn 1953 (Fig. 17} was applied to the absolute numerical stock

)

size when calculating the age composition of the spawaning stock., Ctolith

to Regst, show none firs®t Iflimc spowners among the age-groups 10 and older

&
and very fow of the 3 vooars sid T4 mpublished Horwegian data). These

I3
N

infermations are in good o ztersdalts findings (Fig. 17).

£

year in the periocd 1963-192% which sgrce fairly good with the age compo-
sitioms {Fig. 20) of the German landings from the arca Rest-Malangen
during January-ipril 1963-1968 (Meyer 1969) and the age-distribution in
Norwegian long line catches from the area MalangenyNorth Cape during
February 1969 (unpublished Horwegian data). DBoth the German and the
Horwegian landings arc expected to be mostly mature haddock on spawning

migration.

Also for haddock fecundity is assumed to be proportional to the weight of
the fish, which implies that the spawning potential is proportiomal to
the parent stock size, Estimates of the parent stock size is obtained

i - . . P
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by using the same age/weight relationship as by the North-East Arctic
Working Group. In Fig. 21 the parcnt stock simge is plotted against the
abundance of the resulting ycar-class at 6 months of age. A relation-
ship may exist under certain conditions within the period comsidered.
Jowever, under other conditions the effect of the spawning stock size is

ruled out.

DISCUSSION

When estimating the ccho abundance of the 1963 year-class of cod and
haddock a scattered distribution of O-grcup fish was assumed for the arcas
around Bear Island and along the Spitsbergen ccast (Figs. 1 and 8). High
abundance indices of cod for this year-class were found in the young and
adolcescent phases (Nizovtsev 1968a) and at least some of the areas might
have been populated with dense concentrations of O~group fish. The OC-group

echo abundance might thercefore be underestimeted.

The figures for catch per unit effort are compararasble from one year-class
to another, whenr the same relative amount of the year-~classes at 0+, 1+ and
2+ years of age are at the bottom each year during the young fish survey.
However, some year=classes migrate to the bottom later in the year than
others, and a bias may be introduced in the O+ abundance indices. Few
specimens of the 1947 year-class were caught with bottom trawl as late as
December 1947 in the castern Barents Sea, but in December 1948 a great
number of this year-~class was caught together with O-group cocd of the 1948
year—class (Barancnkova 1957). Diurnal, vertical migration of O~group

cod {Beranenkova et.al, 1963) and of 1, 2 and 3 years old haddock {Wood-
head 1964) will affect the abundance indices in the young fish surveys.
These might be responsible for some of the variations observed in Figs.

15 and 16. On the other hand a reduced abundance of the O+ group relative
to the O-group echo abundance might be caused by small predators as 1, 2
and 3 years old cod (Ponomarenko 1961l). Variation from year to year in
discarding small fish at sea by trawlers {(Hylen 19867 and 1$69), is a
factor which might cause some variation in the data presented in Figs.

15D and 16D. This is not taken into account in the wvirtual population
canalysis., At present only the numecrical strength of the 1963 and 1964
year—~classes of cod and haddock can be estimated with some confidence.

Now firm conclusion of the relaticnship between the O-group abundance and
the year-class strength at 3 years of age can therefore be drawn from the
available data. However, if a close correlation exists between the echo
abundance of O-group cod and haddock and the numerical strength of the
yvear—classcs at the beginning of their third year of life, an estimate of
the year—~class strength can be given the same yvear as it is spawned.

When alinear regression between the O-group abundance and the year-class
stréngtﬁ at 3 years of age iéuééédmga; %he 1969 year=class of cod. and-

haddock is cxpected to be represented in the sea at the be- Sl



inning of 1972 with about 680 and 730 millions of cod and haddock respec-—
vely (Figs. 15D and 16D). Ap

o GQ

iv plying the same method for the 1967 year-—. .
class of haddock this year-class is expected to be represented in the sea
by accut 420 millions of fish at 3 years of age. However, since the O+
abundance is low in the young fish survey (Fig. lﬁA), the year—-class might
have been reduced by predators in this stage, or it might have been re-
duced due to unfavourablc environmental conditions. It is known from the
O—beUD survey in 1967 that O-group saithe were numerous west of Bear .-
Island and off the Spitsbergen coast, up to about 80°N (Anon. 1967). The
pregeny may have been transported northwards from the spawning areas at
Viking Bank, off Mere and Halten Bank. A northward transport of haddock
eggs nnd larvae from the same areas may also have taken place, and the
1967 scar-class in the Barents Sea might have got a significant number of
postarval fish from the spawning areas mentiomed, These fish might be
exposed to more extreme environmental conditiocons tham they are adapted to,

and the matural mortality rate during the O-grcup bottom stages may have

5,

been aigher than those of the Arcto-Horwegian haddock. This may explain

[

he Low abundance of the 1967 ycar-class (Fig. 164). On the other hand
this ycar—~class was relatively numerous in catches taken along the Finm-
mariz Coast and in the Barents Sea during a Norwegain trawl survey in May

1970.

When sstimating the numerical spawning stock size one maturatiocn ogive

for cod and one for haddock were applied for the whole pericd 1963-69. Long

and = b term changes will therefore introduce bias in the estimated spaw-
ning stock age compositions (Rollezsep 1954) These may be responsible

for <e disagrecment between the relative strength of some year-—classes

in the estimated spawning stock and those in the catches of spawning fish,

as cizcrved for the 1956 and 1959 year-classes of cod and of the 1964 year-
ciass of haddock (Figs. 18 and 20). However, the agreement is fairly good

for thc period studied.

The agce/fecundity relationships are not known for Arcto-NHorwegian cod and

haddecl and a linear regression between the weight and the fecundity is

assumed. This assumption implies a proportionality between parent stock
sizs in metric tons/and spawning potential, However, this method may give
an wnilerestimate of the spawning potential (Botros 1969). Data of parcnt

stec zise and subseguent year-class strength are available only for a

-

ramider of years (Figs. 19 and 2'). The relationship indicated for

cod mnd haddock awvce similar to that found for Ilorwegian spring spawning

esund 1970a). These studics suggest a relationship between

nIng potential and O=~group abundance for cod, haddock and herring,

the conditiomns for the progeny are favourable, Under less favourable

conditions the effect of spawning potential is ruled out. However, an



assosiation in time between the Vvariables, spawning stock, recruitment,
fishing,effort and some undetected trends in the environment cannot be
avoided in the methods used to demomnstrate a stock/recruitment relation.

A slightly different approach is made by Garrod {1968) and Ancn. (1969).
This approach is based on the assumption that if the stock is to remain
stable the spawning stock should in average produce enough young to re-
place the average of its comstituent year-~classcs. When the potemtial
spawning stock is reduced by fishing, the recruitment can be held constant
by a corresponding increase in the survival of the progeny. This is

expressed (4Anon. 1969a) as by S= (RB/RSP) . e or logS = R3/RSp + F.

°

-
i

Using the age groups 7-13 and 5-11 to represent the spawning stocks of
cod and haddock respectively,Rsp denotes the average numerical strength
at 3 years of age of the year-—classes in the parent stocks. RB is the
vear—class strength of the resulting generation at 3 years of age. F is
the mean fishing mortality rate per year-class summed over 3-9 and 3-7
vears for cod and haddock respectively, and $ is a survival index from

the eggs stage to 3 years old fish. The relationship logeS = F represents
the hypothesis that recruitment is independent of the spawning potential
(Fig. 22). Recruitment is held comstant by increased survival rate of
eggs and larvae as the spawning stock is reduced., The replacement rate

(F3/z

strengths given by virtual population analysis. For recent year-classes

Sp) for the year-classes up to 1964 are calculated from year-—class

estimates have been obtained from Figs. 15D and 16D, assuming a linear
regression between O-group echo abundance and numerical year-—class strength
at 3 years of age. Since the late fifthies only 5 of 11 year-classes of
cod and 3 of 13 year-—classes of haddock have replaced its constituent
year~classes (Fig. 22 ). A great variation is observed in the data, and

a longer scries of observations are necessary toc establish a relationship.

SUMMARY

1. The relationship between the O-group echo abundance of Arcto-Hor-—
wegian cod and haddock {(i.e. about 6 months of age) of the 1963-1969
year—classes and the abundance at subsequent stages of the same year-
classes {at O+, 1+ and 2+ vears of age) and between the O~group
abundance and the numerical strength at 3 'years of age were analjséd .
(Pigs. 15 and 16). O=-group echo abundance indices were obtained from
combined acoustic and fishing surveys (Figs. l—l&). Abundance indices
-at O+, 1+ and 2+ were taken from the USSR young fish surveys. The
numerical year-class strengths at 3 years of age were estimated by

virtual population analysis, Correlations were indicated letween
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the abundance of O-group cod and the abundance at 0+ and betweenthe
O=-group abundance and the numerical strength at 3 vears of age.

For haddock correlations were indicated between the O-group abun-
dance and the abundance at 1+, 2+ and the numerical year-class

strength at 3 years of age.

Variation in O-group abundance was studied in relation to the parent
stock size in metric tons (assumed proporticnal to spawning poten-—
tial). Relationships were suggested for cod and haddock between the
parent stock size and the strengths of the resulting generations at
the O~group stage in years when the conditions for the progeny were
favourable (Figs. 19 and 21). The effect of the parent stock size
in determining the year-olass strength was ruled out in years with

less favourable conditiouns.

The survival from the egg stage to 3 vears old fish was studied in
relation to the fishing mortality rate per year-class in the

- { . . . - -
spawning stock (Fig.22). These investigations suggests that since

5
the late fifthies only 5 of 11 year-classes of cod and 8 of 13 year-—

classes of haddock hawve replaced its comstituent year-classecs.,
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