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2) Scope of this report

This report presents a summary of the data relating to the Arctic cod
and haddock fisheries which were presented and processed at the first meeting
of the Working Group in Bergen (May), and also the main conclusions reached at
the present meeting from an analysis of these data.

The first objective of the present meeting has been to examine and inter-
pret the changes that have occurred in these fisheries over the last thirty
years. We have tried as far as possible to establish what has been the effect
of fishing on the stocks of Arctic cod and haddock, both from s study of long-
term trends in stock abundance and by estimation of fishing and natural mor-
tality where the data permitted, and to distinguish between changes due to
fishing and those due to natural fluctustions in stock abundance. The second
objective has been to use these results to make some preliminary assessments
of the effects on the fisheries of increasing the size of trawl mesh above the
present minimum legal size of 110 mm.

PART I, COD,

A, Trends in landings, fishing effort and catch per unit effort.

A1, Landings

Statistics of the landings of cod since 1930 are given in Tables I %o Vs
these data are plotted in Figs. C.1 to C.5 (corresponding to these tables) to
show the trends that have occurred since that time.

Fig. C.1 shows the total landings by all countries in-each of the three
regions, viz: Region I (Barents Sea), Region ITA (Norwegian coast) and Region
IIB (Bear Island and Spitzbergen), and also the total landings from all regions
combined. It will be noted that the landings increased in 2ll three regions
after 1934 but decreased during the war period owing to the partial or complete
cessation of fishing. Since 1946, the landings have not shown any significant
increase above the pre-war peak levels except in Region I; here the landings
increased steadily to s peak in 1955 but have fallen again sharply in 1957 and
1958, In Region IIA the landings have declined since 1947. As s consequence
of these opposing trends, the total landings from all regions have remained at
roughly6the same level since 1946, apart from a transitory increase in 1955
and 1956, ; ' '

The trends in total landings shown in Fig. C.1 can be better undersiocd
by seeing how the total landings have been partitioned among the four main
fishing countries in the Arctic, vig: England, Germany, Norway and the U.S.S.R.
Fig. C.2 shows the total landings in all three regions by countries, and Pigs.
€.3, C.4 and C.5 show the landings by countries in each region separately.
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These diagrams are self-explanatory, the main features being the increase in
Norwegian and Soviet landings, and the decrease in English landings, since
1946 in Region I, and the decline in Norwegian landings from Region IIA over
the same period. '

4.2, Fishing effort

It is well known that in the period since 1930 there has been a marked
increase in the amount of fishing in the Arctic, especially in the trawl
fisheries. The first step in interpreting the trends that have occurred in the
landings is therefore to see how the amount of fishing, that is, the fishing
effort, has changed.

, In a trawl fishery a fairly reliable measure of fishing effort is the
total time spent fishing per year by 2ll vessels. It may be necessary to
adjust this to allow for a tendency for the fishing power of trawlers to in-
crease over a long period of years. Thus in the English distant water trawler
fleet the average gross tonnage of the trawlers has increased by something in
the region of 75% since 1930, and it has been found that the fishing power of
these trawlers is roughly in proportion to their tonnage. Therefore, a better
measure of fishing effort for English trawlers is the product of fishing time
and average gross tonnage, i.e. the"ton-hour". A similar relation has been
reported for German trawlers, but in the Soviet trawler fleet fishing power
and tonnage are not so closely related, and the simple " fishing hour " is
taken as the unit of effort. It might be expected that apart from any increase
in size of vessel, modern navigational and fish-detecting aids would also have
increased the fishing power of the trawler fleets, especially in recent years.
This has not been allowed for in this report, and as a consequence it is pos-~
sible that the true increase in fishing effort may have been even greater than
is recorded below.

For the present purposes it is necessary to arrive at an estimate of the
total fishing effort on the stocks in each region, including not only that due
to trawling but also due to other methods of capture such as long-line, gill-
net and purse-seine. It is difficult to obtain a reliable measure of fishing
effort for these years, and in any case it would be in quite different units
to trawl effort and so could not be simply added up to givetotal effort. The
procedure in such a case is to take the fishing effort by a trawl fleet as a
reference, and obtain the total effort by increasing the trawl effort by the
ratio of the total catch by all gears %o that by trawl. This gives total effort
in trawler effort units, and can be regarded as the amount of fishing that would
have been needed by trawlers to obtain the total amount of fish actually caught.
Expressed symbolically, we can suppose that in a certain year the trawler effort
by a particular country was E_ and that the catch thus obtained was C,_; if the
total catch by all other coun%ries and gears from the same region in %he same
year was C, then the total effort (in trawler units) expended on the stock in
that year was '

C
E=E,6 x=—
T CT

Tables VI, VII and VIII give the statistics of fishing effort by the
English, German and Soviet trawler fleets in each region since 1930, and of
the number of men fishing at Lofoten in the Norwegian fishery (Region IIA
For Region I (Teble C.6) it was agreed that the English and Soviet effo%%%wgre the
best to take as references for computing a total effort on cod in that region,
and columns F and G show two sets of estimates of total effort calculated in
the way described above, column F in English "ton-hour fishing" units and
column G in Soviet " fishing hour " units. Because they are not in the same
units, the numerical values of these two sets of total effort figures are not
directly comparable, but it can be seen from inspection - -that both shown an in-
creasing total effort over the period in question. This is shown better in
Fig. C.6, where each set of figures has been adjusted to its mean .value to
make the- %omparable; 1t is important to note that the relative increase in
total effort is very much the same whether English or Soviet effort units are
takeﬁ?reference, and is about five-fold since 1946. The total effort during
the war period could not be estimated precisely, but is certainly below the
1946 level. 1In Region IIA; total effort is shown in relative units since 1946
in Fig. C.4, taking English effort as reference; for pre-war years the English
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fishing here was not thought to be relisble enough to use for calculating a to-
tal effort. The total effort in Region TIIA increased up to 1952, but thereafter
has not changed greatly. English effort is also taken as the reference effort
in Region IIB (Fig. €.8) since the English fleet has fished consistently here
since 1930; the total effort in this region has increased very greatly since
1946, especially in the last three years. There was no fishing in Region IIB
during the war period.

It is evident from these diagrams that the fishing effort in the Arctic
cod fisheries has changed very greatly since 1930, with a substantial decrease
during the war period and = subsegquent rise to g high level in the last three

years.

Such a situation is favourable for examining the effect of changes in the
emount of fishing on the abundance of the stocks, which is the next question to
be considered.

A3, Catchxger unit effort

In a trawl fishery the weight or number of fish caught per unit of fishing
effort can be taken as a fairly reliable index of the stock abundance, provided
certain possible complicating factors are born in mind. For example, it is ne-
cessary that in comparing values of catch per uﬁff?gf & particular species over
a long period the fleet should have fished consistently for that species through-
out, and preferably should have been a substantial part of the total fishing
effort, since a small fleet might nog have been able to fish representatively
over the area occupied by the stock. It is also necessary that the fleet should
- be one in which the unit of effort can be evaluated as reliably as possible.

Tables IX, X and XI give values of catch’(weight) rer unit effort by various
countries in each of the three regions since 1930. They are in different units
because the efforts are different, but they can be compared by adjusting each
series of figures relative to its average; these are given in the last columns
of each table,

For Region I it was agreed that the most reliable measures of stock
abundance would be provided by the catch per unit effort of the English and
Soviet trawler fleets; and these are shown for comparison in relative units in
Fig. C9. Both sets of data agree in showing a rise in the period 1934 +to 1937

fallen ever since except for a temporary rise in 1954 and 1955, The Soviet
catch per unit effort also fell until 1951 but then increased to a Peak in 1955
as did the English catch per unit effort, although the increase was greater and
started two years earlier. This difference is due to the somewhat different
fishing areas of the two fleets at this time, when the good 1948 and 1950 year-
classes were first becoming of catchable size, and to the fact that the smaller
fish are not landed by the English trawlers. Thus the increase in the Soviet
catch per unit effort reflects the abundance of these good year classes earliier
and to a greater extent than does that of the English fleet; for the same rea-
son the Soviet cateh per unit effort showed a more marked fall in 1957 and 1958
« when the fish had become older and moved further westward. The English catch
per unit effort data refer mainly to the somewhat older fish throughout the
period since 1946, and give a picture of the decline in their abundance over

" that period which is less influenced by year-class fluctuations. 1In the period
from 1930 to 1938, on the other hand, the English fleet in Region I concentrated
- more on haddock than it did in later years, and the English catch rer unit ef-
~ fort data for cod Day not be truly comparable with post-war data.

‘ There was very little English trawlinng1Region ITA bvefore 1935, but after

that year the English cateh per unit effort can be taken as a reasonably good
index of stock abundance, and the changes that have occurred are shown in Fig,
C.10. Particularly striking is the high value in 1946 and the sharp decline
since then to about one seventh of the 1946 value.

x)

Strictly, this should be called "landings" per unit effort, but it was
thought preferable to retain the term Ycatch® which is still in general
usage.
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Very similar changes are seen in the English catch per unit effort values
in Region IIB, the post-war peak being followed by a steep decline to a level
in 1958 which was less than one=-half of the pre-war average and about one-
seventh of the 1946 value. A slight rise is seen in 1955 due to +the good
1948 and 1950 year-classes which appeared here as well as in Region T, but
the decline continued in 1957 and 1958. An even more proncunced decline is
seen in the U.S5.S.R. catch per unit effort values since 1950.

When these general trends in catch per unit effort are set against the
changes in total fishing effort that have occurred during the same period, it
is difficult to avoid the conclusion that increased fishing has been the main

-cause of the post-war decline in catch per unit effort in all three regions.

Only in Region I is the picture complicated by changes in the concentration
of fishing on the young fish of especially good year-classes, but when allowance
is made for this and all the available catch per unit effort data are used, a

~similar conclusion is reached. In order to assess the effect of change in

mesh size as is attempted later in this report, it is necessary to take this.
kind of analysis further and to obtain a more precise evaluation of the in-
fluence of fishing. This requires estimation of the mortality rate in the
stock caused by fishing and that due to all other causes which together are
called natural mortality.

B.L Estimation of the relative magnitude of fishing and natural mortality
rates from the relation between stock and effort

To develop the techniques for this analysis a brief theoretical intro-
duction is needed. Suppose the recruitment of young fish to a stock has been
fairly constant for a period of years and that the total fishing effort has
also remained steady. The stock will then be in equilibrium with the fishing
effort applied to it, and the total number of fish in the stock-measured from
the age of recruitment upwards - will be determined by the number recruited
each year and by the magnitude of the fishing and natural mortality rates.
Ify now, the fishing effort increases to a higher level, the number of fish
in the stock will decrease for a few years until a new equilibrium is reached.
There is, in fact, a simple relation between stock numbers and fishing effort
under equilibrium cenditions, namely that stock sigze varies inversely with
the total mortality rate expressed as an instantaneous coefficient. Thus if
the number of fish in the stock is denoted by S » and the number of fish re-
cruited annually by R, the equilibrium relation between stock and fishing ef-
fort can be expressed as ’

o R

NTTF M e ()
where ¥ and M are the instantaneous coefficients of fishing and natural morta-
lity respectively. The mathematical derivation of an instantaneous coefficient
of mortality is given in Appendix I; here it is sufficient to note that the
numerical value of such a coefficient is proportional to the magnitude of the
cause of that mortality. 1In equation (1), for example, F is proportional +to
the total fishing effort, and can be replaced by the quantity cf, where f is
the total fishing effort, and ¢ is the §onstant of proportionality, the numeri-
cal value of which depends on the unit?effort employed. It is convemient also
to express the number of fish in the stock relative to the number recruited
annually, so that the equation can be written

Sy a | e (2)
R —‘Cf + M

This equation predicts that with increasing fishing effort (£) values
of stock numbers should lie on a descending curve, and from the extent of the
stock decrease compared with the increase in effort it is possible to deduce
how much of the total mortality is due to fishing. Thus if there were no na-
tural mortality at all, M in equation (2) would be zero, and stock would vary
inversely with fishing effort (as a rectangular hyperbola)s; if, on the other
hand, most of the total mortality were due to natural causes, M would be large
compared with ¢f and stock size would not change much even with quite large
changes in effort. Since it is easier to interpret dats which lie on a straight
line rather than on. a curve, it is convenient to transform equation (2) by
taking reciprocals of both sides, giving




Ef;—-= ef + M ceees (3)
/R

Thus the reciprocal of stock numbers is seen to increase linearly with effart.

To apply this equation it is necessary to have data on the total fishing
effort and on the catch by numbers per unit effort which can be taken as & re-
liable index of stock numbers. The former have been given in Table VI forx
Region I and Table VIII for Region IIB. The data of catch by weight per unit
effort of Tables IV, X and XI can be converted to numbers from the extensive
measurements of the lenght composition of the catches which are available.
Since the relationship expressed by equations (2) and (3) applies only to
equilibrium conditions, it is necessary to plot the catch per unit effort in
each year against the total fishing effort in that year and in the two pre-
ceeding years; this procedure has been found to give the closest approxima-
tion to what would be expected in equilibrium conditions,

Table XII gives data of catch by numbers per unit effort and of 3-year
sums of total effort in Region I since 1946; English units of catch per unit
effort are used since for the reasons given in para A.3 it is thought that these
give the most comparable series of indices of stock abundance over this period.,
Stock is plotted against effort in Fig. C.12.4, and reciprocal of stock against
effort in Fig., C.12.B. The points are rather scattered,; primarily because in
practice the annual recruitment is not constant (as is assumed in equations
{2) ana (3)s mnevertheless, both diagrams show a clear tendency for stock and
reciprocal of stock to vary with effort as would be expected theoretically,
Values for 1957 and 1958 are indicated in both diagrams., '

It will be noted that the straight line which represents the data in Fig.
C.12.B does not pass through the origin but gives a small positive intercept
on the stock axis, where effort is zero, If it were possible to measure the
true number of fish in the stock per recruit, this intercept would give an
estimate of the natural mortality coefficient M, since from equation (3) when
there is no fishing (cf = 0), we have

Since we have only a proportional index of stock, i.e. catch per unit effort,
the intercept (a) of Fig. C.12,R is itself only proportional to the natural
mortality coefficient M. However, at the level of effort in 1958 (about 1500
units) the reciprocal of stock has increased by the amount (b), shown in Fig.
€C.12.B, which is proportionsl to the fishing mortality coefficient in that
year. Therefore, we can say that in 1958 the ratioc of the fishing mortality
coefficient to the natural mortality coefficient was b/a, and from Fig. €.12.B
this ratio is seen to be about 5 to 1, In other words, the conclusion from
Fig. C.12.B is that in Region I in 1958 something in the region of 5/6 or about
85% of the total mortality in the stock was due to fishing.

Table XIII gives data of catch per unit effort for Region IIB and total
effort in English units since 1935, by which time the exploratory period was
over and fishing had become considerable. These data are plotted in Figs.
Col3.4 and €.13.B in the same way as before. Again a clear relation is seen
between stock and efforts; in this case the intercept is about one-quarter of
the value at the 1958 level of effort, giving the conclusion that in this year
about three-quarters of the total mortality in the stock was due to fishing.

A pronounced relation between stock and effort is found also in Region
ITA. Although this demonstrates that fishing has had a marked effect on the
stock, the data cannot be used to estimate the relstive magnitude of fishing
and natural mortality as in Regions I and IIB. This is because the stock in
Region ITA is composed primarily of old mature fish, and the recruitment to it
is itself affected by fishing in Regions I and IIB where the same fish are -
immature.

To summarize, it can be said that the relations bvetween stock and effort
in Regions I and IIB lead to the conclusion that in both regions the total
fishing effort in recent years has been responsible for between 75% and 85%
of the total mortality in the stock. It is now necessary to attempt to measure




the actual magnituae of these mortality coefficients, both in these two
regions and also in Region ITA. This requires data on the age-composition of

the stocks.

B.2. Estimation of fishing and natural mortality coefficients
from dats of age-composition and fishing effort.

Although the procedure of relating total stock numbers to fishing
‘effort described above has given a reasonably conclusive result, it has certain
limitations. Apart from the scatter of the points caused by year-class fluc-
tuation, the method depends on the comparison of catch per unit effort dats
over a long period of years; +this may involve some error due %o factors such
- as increased fishing power of vessels and gear which cannot easily be allowed
for, Those difficulties are largely overcome if the age-composition of the
stock is known and the abundance of particular year-classes can be compared
from one year to the next to give an estimate of the total mortality rate in
those two years which c¢an be related to the total fishing effort at that time,
It is fortunate that age and length compositions of Arctic cod are available
from all four countries, the data collected by the USSR in Region I and by
Norway in Region IIA being particular extensive. .

Before analysing these data in detail , it is of interest to see the
general changes in the age-composition of the total landings that have occurred
since 1930 in the three regions. For this purpose the data are grouped into
three periods; (a) 1932/1938, (b) 1946/1950 and (c) 1951/1958. The number
of fish at each age per unit effort are shown in the lower half of Figs. C.14.4,
C.14.B and C.14.C for each region, respectively. It will be seen that in each
regilon the older fish are particularly abundant in period (b) after the war
when fishing was much reduced in Regions I and ITA, and absent in Region IIB.
It will be noticed also that there are relatively fewer.old fish compared with
young ones in the most recent period (c) when the fishing effort was greatest,
the contrast with the pre-war period (a) being especially marked in Region IIB.
Changes such as these in the age-structure of the population are what would
be expected if the changes in fishing effort had influenced to a marked degree
the mortality rate in the stocks.

B.2,2. Before proceeding to a more detailed analysis of the age—composition‘
data it is necessary to derive the relation between total mortality coefficient
and fishing effort. - '

Suppose the abundance of a certain year-class in one year is N,,and in
the next year the abundance is N « The survival rate from the first year to
the second is then NZ/N s and this is related to the total mortality coefficient
by the expression 1

2

Ny

where e is the base of the natural logarithms.

. o~ (F+wm)

ceene (4)

Taking reciprocals of each side of this equation gives

,f; _ ot (F+wm)

NZ = e (5)

and taking natural logarithms of both sides gives

log, (NI/NQ) = Fa+ M ceses (6)

Thus the logarithm  of the ratio of the abundance of the year-class in two
successive years of life gives an estimate of the total mortality coefficient
F+ M. As set out in para B.l., F is proportional to fishing effort, so that

F+ M= log, (Nl/Nz) = ¢f + M ceeee ()
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This equation shows that estimates of total mortality coefficients
from age-composition data when plotted against fishing effort would be expected
to follow a linear relation. The intercept of the line (where effort is zero)
gives an estimate of the natural mortality coefficient, and the slope of the
line gives an estimate of the constant c relating fishing effort (in whatever

‘units are used) to the fishing mortality coefficient F.

It will be realized that the principle underlying this technique has
much in common with that described above for interpreting the relation between
stock and fishing effort. In this case the procedure is to examine how the
total mortality coefficient changes with effort: if the two increase strictly
in proportion to each other it means that the observed change in total mortality
can be fully accounted for by the chenge in effort, so that there can be no
natural mortality. If, on the other hand, large relative changes in fishing

~.effort produce only a small change in the total mortality coefficient, then it

must be that most of the observed total mortality is due to natursl causes. With
this method, unlike the former, only ratios of abundance are needed, and these
ratios do not depend on the units in which the catch per unit effort is measureds;
thus absolute valués of the coefficients F and M can be determined, whereas before
only their ratio could be obtained.

B.2,3. The relation between total mortality coefficient and fishing effort
in Region I

The longest series of age-composition data for cod in Region I are those
of the USSR. These are tabulated for years since 1932 in Table ¥V A as numbers
of fish of each age per 1 hour trawling. It was found that over the period ag
a whole, age-groups VII, VIII and IX were fully represented =and gave the best
estimates of total mortality. The average mortality over these thres years of
life is shown for each pair of years both as annusl bercentage rates and as
instantaneous coefficients below the age-composition data. The last row of the
table gives the total fishing effort in USSR units.

The total mortality coefficients and total effort are plotted in Fig.
C.15.A. Despite the scatter of the points there is a tendency for the higher
mortality coefficients to be associated with the higher values of fishing effort.
This isparticularlynoticeable when the pre-war values (hollow circles) are
compared with those of recent years (solid circles). The mortality values are
seen to be unexpectedly high in 1950/51 and 1952/53, but 1951 and 1953 were
the years in which the 1948 - 1950 year-classes first appeared in quantity in
the catches, and it is probable that the change in distribution of the fleet
caused the abundance of older fish to be underestimated in those years. This
would result in an apparently high mortality rate in fish of [ to 9 years of age
in the two pairs of years in question. It is not possible to make a precise
allowance for this complication, but it was thought that the broken line shown
in Fig. C.15.A gave a reasonable representation of the data. This line has a,
slightly negative intercept, but this is noi significant bearing in mind the
scatter the points; - it can, however, be concluded that the natural mortality
coefficient is small compared with the total mortality coefficient of about
1.0 in the last few years (about 65% per year).

Another set of age-composition data for Region I was prepared by
combining all the available length and age-compositions from all four countries
raised to catch per unit effort in English ton-hour units. These are given in
Table XV B and plotted against total effort in English ton-hour units in Fig.
C.15.B. As before the pre-war points are shown by hollow circles and post-war
points by solid circles. The apparently high mortality rate in years 1950/51
and 1952/53 does not now appear, and the trend of mortality with effort is clearer
although still similar to that of Fig. C.15.A. The intercept shown has a
value of 0.2 (about 20% per year), which can be. . taken as an estimate of the
natural mortality coefficient of cod in Region I over the age-range 7 4o 9
years,

It should be mentioned at this point that although this estimate
is called "natural mortality" it does, in fact, include all causes other than
fishing which are responsible for the observed decrease in catch rer unit effort
of the year-class with age. For example, fish of 7 to 9 years of age are
approaching maturity, and are beginning to emigrate each winter to Lofoten, and




this may reduce their availability to capture in the Region I trawl fish;ries.
To the extent that this happens it is included in the estimate of M obtained
from the intercepts of the regressions of Figs. C.15.A and C.15.B. The observed
intercept is what is needed for making assessment for Region I fisheries,

but it is possible that the true mortality rate from natural death alone may be
somewhat smaller.

B.2.3. Total mortality and effort in Region IIB.

A similar analysis can be attempted for Region IIB although here the
age-composition data are less extensive than in Region I.

Table XVIA shows the English age-composition data since 1950, in units
of "number caught per 100-ton hours fishing", together with estimates of total
mortality coefficient over ages 7 to 9 and total effort in English units. These
are plotted in Fig.. C.16.A together with an average value for the years 1947
to 1949 calculated from USSR age data converted to English catch per unit effort
units (solid circle). The values for 1953/54 and 1954/55 are probably too high
owing to the strong 1950 year-class which entered the English landings at about
this time and probably caused some diversion of fishing from the grounds where
the older fish are normally caught. Bearing this in mind there is some indication
of a trend as shown by the broken line, but on so few data no precision can be
attached to the value of the intercept.

The picture becomes rather clegrer when Soviet age-comnposition data
and total effort in USSR units are used. These are given in Table XVI B, the
mortality coefficients being plotted against effort in Fig. C.16.B. The
regression line shown provides a reascnable representation of the points and gives
a small intercept in the region of 0.2.

It is evident that the relation between total mortality coefficient
and fishing effort cannot be established as reliably in Region IIB as it can
in Region I. This is partly because the data cover g shorter span of years
but also because from 1949 until 1955 the total effort remained nearly constant.
It was not until 1956 that the effort increased sharply, and it is significant
that the English and the Soviet data agree in showing a high total mortality
coefficient since then. 1In 1957/58 it appeared from the English data to be
about 1.3, and about 1.6 from the Soviet data; this is equivalent to s mortality
rate in the region of 75—80% per year. From such trends as can be distinguished:
from Figs. C.16.A and C.16.B, together with the results of the analysis of stock
and effort for Region IIB given earlier, it is concluded that much the greater
part of this mortality was due to fishing. '

B.2.4. The relation between total mortality coefficient and fishing effort
from data of the Lofoten Skrei fishery (Region II4A).

A long series of age-composition data for the Norwegian Skrei fishery
at Lofoten are available. These refer to the mature fish from 7 years old
upwards, which during their earlier years of life constitute the immature stocks
in Regions I and IIb.

An analysis of these data is complicated by the fact that the gears
used and the characteristics of the fishery generally meke it difficuli to
xpress the age-composition in terms of catch per unit effort. The procedure
adopted has therefore been first to convert the data to spawning group compositions,
giving in each year the number of first time Spawners, second time spawners, and

- 80 on. Since the second +time spawners in one year are the survivors from the

first time spawners of the previous year, such data can be treated for mortality
estimation just as can age-compositions; the advantage is that the influence

of year-class variation is thereby diminished, since each spawning group con-
sists of fish of wvarious ages and hence of several different year-classes.
Secondly, the dats have been grouped into two periods, the first from 1946 to

3‘1951, and the second from 1951 to 1958, and the average total mortality coefficient

i
i

§ possible the lack of reliable catch per unit effort data for this fishery.

i

calculated for each period; this procedure was adopted to overcome as far as




The spawning group data for each of these periods, males and females
separately, are given in Table XVII. The logarithms of the numbers are plotted
against spawning group number in Fig. C.17.43 from equation (6) it follows
that the slope of the lines fitted to these plots is an estimate of the total
mortality coefficient (F + M). It will be seen at once that the slope of the
spawnin§ group compositions of both males and females is steeper in the second

period*) than in the first, the total mortality coefficients being:
Males Females Mean
Period 1946/1950 Ceereeiiiiiiicoaeaaae, 0462 0.62 0.62
Period 1951/1958 iveeunenennsnn vereenaees 1.10 0.97 0.99

To estimate how much of the total mortality coefficient is due to
natural mortality it is necessary to determine the totsal fishing effort on these
mature fish in the two periods. After spawning, the mature fish migrate back
to the feeding grounds in Regions I and IIB, so that the fishing éffort applied
to them must include not only that during the spawning season at Lofoten, but
also that in the fisheries in Regions I and IIB for the rest of the year. An

ffective total effort can most simply be calculated in such a case by dividing
the total annual catch of mature fish in all regions and from all gears by an
index of the abundance of these fish in that year. Thus, if the catch per unit
effort by a certain fleet x is CX/EXamd_oan be taken as a reliable index of
abundance, and the total catch is C, we have

C
C
X/EX

= total effort

in the units in which reference effort Ex happens to be measured. It will be
appreciated that this method is precisely equivalent to that used in para A.2 for
calculating total effort by regions..

The average age at first spawning is about 8 years, and three measures
of the abundance of fish of 8 years and older are available, viz. the English
catch per 100 ton-hours in Region IIA and in Region I, and the Soviet catch per
hour in Region I. These are given in Table XVII, each being expressed relative
to its respective mean value for comparison; it will be seen that all three
sets of catch per unit values show a similar degree of increase over the period,
and the average of the three has been taken as the best available estimate. Thisg
is divided into total catch of mature fish to give the estimate of total effort
on mature fish from 1946 to 1858 in the last columns of the table. For the
period 1946 to 1950 the total effort was 6.4 units and fronm 1951 to 1958 it was
12.1 units.

Fig. C.17+B shows the estimate of total mortality coefficient for the
two periods plotted against the corresponding fishing effort. The line Joining
them gives an intercept of about 0.2, which is an estimate .of the natural mor-
tality coefficient in mature fish., :

B.2.5. Mortality estimation from g comparison of the abundance of
immature and mature fish of the same year-classes.

The analyses described above have been concerned with mertality
estimation of the stocks in each of the three regions separately. One further
possible use of the data was examined, namely to compare indices of the
abundance of certain year-classes as immature fish in Region I and of the same
year-classes as mature fish in the Lofoten fishery four years later. )

x) The data for the second period are not as closely linear as are those
for the first, the fish in the oldest spawning groups being relatively
more abundant than would be expected. This is because these few very
old fish are survivors from the earlier years when the fishing effort
was lower; and the lines shown have therefore been fitted to the
first six spawning groups.




Soviet catch per unit effort data for age-groups IV, V, VI and VIT
combined were taken as indices of sbundance of +he immature year-classes in
Region I each year from 1946 +to 1954. ZEstimates of the combined abundance of
age-groups VIII, IX, X and XI were +aken from Norwegian Lofoten data in years
1950 to 1958, so that they referred to the same year-classes when they had
reached maturity. These data are given in columns A and B of Table XVII. The
two sets of data are in different catch per unit effort units and so cannot be
used to estimate mortality coefficients directlys; the ratio of the two se+ts of
data (Region IIA values divided by Region I values) is however proporticnal +to
the average survival rate over the Span of age-groups in question. These
"survival ratios" for each four-year period are plotted in Fig. C.18.4, and it is
seen that over the period from 1946/1950 to 1954/1958 they have decreased
steadily to less than one-third of their initial level.

Taking natural logarithms of these "survival ratios" giveg values
which are proportional indices of the total mortality coefficient, and in Fig.
€.18.C these are plotted against estimates of total fishing effort in Region I
in USSR units for each 4-year period. The dats fall closely on a straight line
and give an intercept which is about one-quarter of the index for the last two
periods 1953/1957 and‘1954/1958. Since it has been estimated in the two pre-
ceeding sections that the total mortality coefficient of fish from 7 years up-
wards in both Regions I and Ila was sbout 1.0, it follows that the intercept
of Fig. C.18.B corresponds to a natural mortality coefficient of about 0.25.

It is of interest to see that the points of Fig. C.18.B show the
least scatter of all the plots of mortality coefficient against effort that
have been presented. This is because the catch per unit effort data are pooled
estimates of the four most sbundant age-groups in the two fisheries, and mor-
tality is measured over a span of four years of life, thus minimising errors in
age-determination and other factors which influence estimates of the abundance
of a single year-class in a particular year.

B.3. Conclusions on the magnitude of fishing and
natural mortality in the Arctic cod.,

In the Preceeding sections & number of attempts to separate and
measure the mortality rates due to fishing and to natural causes in the Arcitic
cod have been presented. Two main techniques have been used, one based on
changes in the total abundance of the stocks in response to fishing, and the
other on more detsgiled estimation of mortality rates and their change with
fishing effort. All, or nearly all, the available data have been used, in some
cases those from one country alone and in others by pooling information from
two or more countries according to which was thought to give the most reliable
indices of abundance or age-composition and so forth. Probably other ways of
treating the data could be devised if more time hag been available; but the
Working Group were agreed that the results obtained and presented here, although
not in every case conclusive when considered in isolation, together give g
picture which leaves no doubt as +o the effect that fishing has had on the Arctic
cod.

The main conclusions can be summarized as follows:-

(i) The natural mortality in Arctic cod is low, and probably averaging

not greater than 20% per year (M = 0.2). This result has been optaip?d from
several estimates based on sets of data and techniques of analysis which are
partially or wholly independent of each other. It has been measured in both
mature fish and in immature fish down to the age of about 5 years. ' No'
significant difference in natural mortality rate of stocks in +the various regions
could be distinguished from the data available, : :

(ii) The increase in the amount of fishing which has taken place in
the last 15 years has increased the total mortality rate to about 65% in Regions
I and ITA, and to an even higher level (probably about 75%) in Region IIB.

This mortality rate has been measured for fish from 5 to 6 years of age and up-
wards. From the estimate of the natural mortality rate given above, it follows
that something in the region of three-gquarters to five-sixths of this total
mortality is due to fishing.
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C. Assessment of the effects of increase of mesh size in
the Arctic cod fisheries.

C.1. Some general considerations

The principle underlying the regulation of mesh size as a conservation
measure is to reduce the capture of the younger and smaller fish and so allow
greater numbers to survive to enter the catches when they are older and larger.

It follows that if this procedure is to be effective in causing the
catches to increase, two main requirements must be satisfied. One is that the
fishing rate on the older fish must be high enough compared with the natural
mortality rate to ensure that a sufficiently high proportion of the young fish
released by a larger mesh will, in fact, be caught again during their later life
and that not too many will die from natural causes. The other regquirement is
that the individual fish must be able to increase substantially its weight by
growth as it beccmes older, so that when the fish released by a larger mesh are
recaught later in life, their total weight exceeds that when they were released,
even although their numbers are fewer. In these circumstances it follows that
the larger mesh would cause the total long-term catch by weight to increase.

In the preceeding section it has been established that at the present
time about four-fifths of the total mortality of Arctic cod is due to fishing.
This means that after g year-class has been recruited to the fisheries about
four-fifths of it will be caught over the rest of its life-span and only one-

fifth will die from natural causes. The average growth in weight of Arctic cod

is shown graphically in Fig. C.19, where it can be seen that the weight of g

fish increases steadily over the whole of its life-span in the commercial fisheries,
From 3 years of age, when fish begin to enter the commercial catches in quantity,

to 10 years of age, the cod increases its weight by about 15 times., Even before

the question is examined in more detail, such a high growth potential as this
indicates that it might very well be beneficial to allow all fish of 3 years old

to escape capture even if only gquite a small fraction could be caught again

later in life; with a fraction as high as four-fifths, the likelihood of a

gain is even stronger.

It is of interest to note at this point that the reduction of fishing
during the war period, which was most pronounced on inmature fish, produced a
situation in the immediate post-war years not unlike that which would result
from a major increase in mesh size. The number of fish at each age in the
catches per unit effort in the immediate post-war years compared with both the
pre-war period and recent years has been shown in Fig. C.14. . In Fig. C.20 the
number of fish at each age has been multiplied by their average weight to show
the total weight of fish in the catches at each age. The contrast between the
three periods is now even more marked than before, and serves to demonstrate the
capacity of the Arctic cod stock to increase in total weight when the fishing
mortality rate in the younger fish is much reduced.

C.2. The relation between steady catch and age at first
capture for Arctic cod.

More definitive assessments of the gain in long-term yield to be
expected from allowing the younger fish to escape capture can be made using

the estimates of the fishing and natural mortality coefficient and growth in
weight given above.

Calculation proceeds by supposing that a year-class becomes fully
available to capture on reaching a certain age, after which the number surviving
to each successive year af life, and the number caught at each age, are calculated
by applying the natural and fishing mortality coefficients as described in Appen-
dix I. The number caught at each age 1s then mui%iplied by the average weight
of the individual fish +o give the total wei%ﬁ%?gu each age. These total weights
are then added up for all age-groups to give the total catch by weight from the
year-class throughout its life in the fishery. ‘

Four pairs of values of fishing and natural mortality coefficients
have been used, which it is thought cover the range which the actual values
might have at the present time. These are:




() P = 1.0, M = 0.2
(») 7 = 0.8, M = 0.2
(¢) = 0.7, M = 0.3
Prom what has been é%%d %afaieg;8it igﬂtfou%h% that the values (a) and (b) are

most likely to accord with reality and(c),(d --abe regarded as a limiting caseg,
The lowest age at first capture was taken as four years of age, at which the
fish have a length of about 40 cms; 1t was thought that down to at least this
size of fish the natural mortality cocefficient would not be greater than the
values above. Having calculated the total catch of all age-groups, this was
divided into the catch of fish gf g vears and jounger and the catch of fish

g yéars end older ¢ : which corresponds = roughly to the immature and mature
spans of life.

» Fig. C.21 shows the relation between total catch, "immature" catch and
"magture" catch, with age at first capture from 4 to 8 years. In both cases

in which a value of M of 0.2 is used the total catch curve increases steadily
up to the limit of the age range considered; with M = 0.3 the total catch also
rises throughout, but the increase is less. The immature catch increases up to
an age at first capture of 7 years when M = 0.2, and up to 6 years when M = 0.3.
The mature catch rises throughout for both values of M.

Co?e Assessment of increases in mesh size

The calculations shown graphically in Fig. C.21 demonstrates that at ,
the present high level of fishing intensity the best use of the growth potential
of Arctic cod would be obtained by sllowing each year-class to escape capture
until it was at least 6 years of age. This conclusion holds true even if the
natural mortality coefficient should be as high as 0.3, which is unlikely from
the results given earlier in this report. Some idea of what this means in terms
of length of fish can be gained from the fact that the average length of fish
of six years of age is about 60 cm.

However, the selectivity of a net is not sharp, and even
if it were, the variation in size among fish of a given age means that, in
practice, it is not possible to allow the fish of a year-class completely %o
escape capture until they reach a certain age or length and then to fish them
at the full intensity. PFurthermore, the younger fish tend to occupy scmewhat
different grounds to older fish and are less heavily fished even within the
immature range of age. As a consequence, the fishing mortality coefficient is
somewhat lower among the youngest age-groups and smellest sizes than it is among
those which are fully recruited, and does not increase abruptly from zero tc the
full amount when a certain age is reached, as is supposed in Fig. 21.

To refine these assessments so that the actual gain in yield from a
year-class which would result from a given increase in size of mesh can be pre-
dicted accurately, it is therefore necessary to use additional information
relating to length of fish. Specifically, it is necessary to know how selection
range varies with size of mesh, and also the true length compositions of the
commercial catches over the smaller sizes of fish. A large amount of data on
mesh selection of cod were obtained during the International Mesh Experiment
carried out during August and September of this year, but in the time available
it has not been possible to analyse these data fully. Information on the true

length composition of the commercial catches is, however, not at present available
Thus it is known that considerable

from any of the trawl fisheries in the Arctic.
quantities of small fish are at time discarded at sea by BEnglish and German
trawlers, while the available Soviet data refer to catches of searching trawlers
which were taken with smaller meshes and sometimes on grounds containing more
small fish than those which would be fished by the main commercial fleet: There-
fore the Working Group was unable on this occasion to proceed to the final step
of estimating the long-term gain in total catch that would result from specific
increases in mesh above 110 mm. It can be said, however, that even with a mesh

of 110 mm, large gquantities of fish in the length range 35 cm to 45 cm are caught;s

from the growth in length of cod it is known that f w, 1f sny, of these would be

as 0ld as 6 years, the large majority being % and 4 yesr-old fish. It is therefore

concluded that further increase of mesh above 110 mm is certain to increase the
weight of the catch taken from each year-class during its life in the fishery,
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PART 17T HADDOCK
D.1. During the present meeting of the Working Group it has been possible

to process and present the data on landings and catch per unit effort of haddock,
Compared with cod, the data for haddock, both as regards the commercial statistics
and the research data, are less extensive and less reliable; it has nevertheless
been possible to make some appreciation of the effects that fishing has had on

the stocks. Owing to the shortage of time for preparing this report, it has been
necessary to restrict this section on haddock to a brief reference to the tables
and figures presented and a summary of the conclusions reached.

D.2, Total landings of haddock since 1930 by regions and by countries are
given in Tables H.l to H.5 and illustrated in Figs. H.1 to H.5, following as far
as possible the same scheme as has been adopted for cod.

The landings show considerable fluctuations, which is partly due to the
large variation in year-class strength which occurs in these stocks. A better
idea of the changes that have occurred in stock abundance can be gained from
Fig. H.6, which shows the trends in catch per unit effort in English ton-hour
units in each region. It will be seen that in all three regions the catch per
unit effort was high immediately after the war and has subsequently declined,
the fall being particularly pronounced in Region IIA where, as in cod, the stock
consists of older fish than in Regions I and IIB. Having regard to the changes
in fishing effort which have occurred, these trends in catch per unit effort
indicate. that fishing has had a marked effect on the abundance of the haddock
stocks. Indeed, the coincidence between the post-war increase and subsequent
decline of haddock and of cod is strong confirmation of the effects of fishing,

D.3. Some age-composition data for haddock are available for the trawl fishe-
ries from both Germany and the USSR, but owing to the difficulty of obtaining
reliable catch per unit effort data over a long period and of uncertainties in
the earlier age-determinestion methods, it has not proved possible so far to
employ successfully the methods of analysis used for cod. The most that can be
salid at the present time is that judging by the rapidity with which good year-
classes have declined in the catches with increasing age, the total mertality
rate appears to have been similar in recent years to that of cod.

Length compositions of commercial landings are, however, .available for
Region 1 since 1932, and show that significant changes have occurred in the
size composition of the stocks since that time. Fig. H.7 shows the length
composition of the landings (English and German data) grouped into four periods:
1929-193%, 1934-1939, 1947-1951 and 1952-1958. It will be seen that in the
earliest period when the amount of fishing was relatively small the stock consisted
of a high proportion of large fish with a modal length of nearly 70 cm. This
length composition is indeed characteristic of a virtually unfished stock where
the mortality rate is low and a large proportion of each year-classcan survive to
become nearly fully grown. By the second period, 1934-1939, when the fishing
effort had increased substantially, the oldest fish had nearly disappeared from
the stock, the modal length had been reduced to below 40 cm, and the structure of
the stock had become typical of a heavily fished stock. After the reduced war-
time fishing (period 1947/1951) the length composition had returned to something
approaching that in the earliest period, but by the last period (1952/1958) the
larger fish had again disappeared ancd the stock once asgain showed the symptoms
of heavy fishing. This coincidence in two separate periods between changes in
size composition and increase in fishing effort makes it unlikely that the
changes have been due only to year-class fluctuations.

The USSR data for the two periods after 1947 show very similar changes,
as can be seen from the middle diagram of Fig. H,7. Here the proportion of
smaller fish in the USSR data has been adjusted to correspond with the English
and German landings so-that the composition of the larger fish in the two sets
of data may better be compared,

The bottom diagram of Fig. 34 shows the changes that have occurred in the
average weight of fish in the catch. In both theé post-war and pre-war periods
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the average weight has fallen from an initially high value while the fishing
effort has been increasing.

ﬁ.4. Although the Working Group was unable during the present meeting to

make definite estimates of the fishing and natural mortality coefficients for
Arctic haddock, it was agreed that the available evidence indicated that

fishing mortality was the major component of the total mortality rate at the
present time. From what is known of the biology of Arctic haddock it was thought
that the natural mortality coefficient would be similar to that of cod.

On this basis some trial calculations of the relation between equili-
brium yield and age at first capture were made for haddock, taking the first
three pairs of values of fishing and natural mortality as for cod but using the
growth in weight of haddock (see Fig. C.19). These showed that even with a
natural mortality coefficient as high as 0.3 the total catch would be expected
to increase up to an age at first capture of about 6 years, corresponding to a
length of fish of about 50 cms. The results which have been reported for the
selectivity of trawl meshes for Arctic haddock show that a given size of mesh
retains rather smaller haddock than it does cod, owing to the greater girth of
haddock. It is, therefore, concluded that for haddock, as for cod, mesh size
above 110 mm would result in an increase in the weight of catch which could be
obtained from each year-class.

PART TI1I SUMMARY AND CONCLUSIONS

E.1. Having reviewed and analysed the available data for cod, the working
group concluded that the changes which have occurred in the abundance of the
stocks since 1930 have been caused mainly by changes in the amount of fishing
during that time. This is true especially for the increased abundance of the
stocks in the immediate post-war years after the reduced war-time fishing, and
for the subsequent decline as fishing has intensified. ’

E.2, From the extensive age-composition data which are available, it has

been possible to estimate the total mortality rate in the stocks at +the present
time, and to determine how much of this is due to fishing and how much to natursal
causes. The total mortality rate is about 65% per year for both immature fish
above 5 years of age and for mature fish in Regions I and IIA; in Region IIB

the total mortality rate appears to be higher still, probably in the region of
75% per year. Of this total mortality it was concluded that about 4/5ths was due
to fishing and only 1/5th to natural causes.

E.3. The fact that the number of fish of 2 year-class decreases by as much

as 65% during each year of life after the year-class has entered the fisheries,
provides a satisfactory explanation for the failure of the good 1948 - 1950 year-
classes to cause more than s temporary increase in the abundance of the immature
stocks and to have had relatively little influence on the mature stocks in Regign
IIA, even when allowance is made for the hydrographic changes which have occurred
in Region I in recent years.

E. 4, From a knowledge of the mortality and growth rates of Arctic cod, and
from the provisional results obtained from the International Mesh Bxperiment which
has recently been carried out, it has been possible to make some preliminary
assessments of the effect of increasing the size of trawl mesh in the Arctic
fisheries. It was concluded that there would certainly be a gain in catch from
increase in mesh above the present minimum legal size of 110 mm, but the Working
Group were unable on this occasion to assess the effect of specific increases in

E.5, _The urgency of the need to take some step towards increasing the sigze
of_mesh is enhanced by the recent increases in fishing effort, the effects of
which on the stocks may not yet be fully aprarent. In all probability the relative




abundance of larger fish must be expected to decline_still further; this itself
will tend to make the fishing fleets sezrch more intensively for the smaller and
younger fish and so0 in the long run reduce the productivity of the stocks even
more.

E.6. The Working Group agreed that, on the available evidence, the effects of
fishing on the stocks of Arctic haddock have been broadly similar to those on
cod. While it has not been possible 1o assess the effects of increase in mesh
size on haddock with as much confidence as for cod, it was concluded that to
increase the mesh size above 110 mm would also increase the catch that could be
obtained from each year-class of haddock.

B.7. The Working Group wish to emphasize that in the time available during
the present meeting it has not been possible to investigate all the aspects of
the dynamics of the Arctic fisheries which are relevant to its conservation,

nor to prepare a report with such care and in as much detail as will ultimately
be called for.

Accordingly, the Working Group decided that to complete the task allot-
ted to it a final meeting would be required; of about ten days duration, before
the next meeting of the Permanent Commission, preferably early in 1960, at which
the following items would be among those to be dealt with:-

(1) To include in the analyses described in this report the
data for 1959, which will be of critical importance in
confirming and making more precise many of the estimates
and conclusions arrived at here.

(i1) To attempt to make assessments of the actual gains,
relative to the present level of catches, that are to be
expected from specified increasses in mesh sige. This
will require, in particular, a fuller analysis of the
results of the Internationsl Mesh Experiment than has
been possible so far, and as much information on the
true length composition of the commercial catches as
can be assembled in the time available.

(iii) To put these assessments into a more general perspective
by investigating the effects on the long-term catch of
changes both in size of mesh and in fishing effort.

(iv) To examine in more detail the data for haddock, and to
attempt to make more precise assessments of the effects
of increase of mesh size in this species.

(v) To make plans for the coordination of future research
between the countries concerned, so that scientific
advice can continue to be provided to the Permanent
Commission and so assist in achieving the best possible
utilization of the Arctic fisheries. ’

(vi) To prepare and agree a final report for submission 4o

the Permanent Commission at its next meeting im May,
1960. ' : ,

Copenhagen, September,.1959.




APPENDIX I

Derivation of instantaneous mortality coefficients

Consider a group of fish whose numbers are being continuously
reduced by natural and fishing mortality. In the notation of the differential

calculus, the instantaneous rate of decrease in numbers at a moment in time
can be written as

%% - - (F+u) W (1)

where F and M are the instantaneous coefficients of fishing and natural mor-
tality. ‘

Suppose the number of fish, present at the beginning of g

a certain
period of time is Ny, and that during that period the two coefficients F and

¥ can be regarded as effectively constant, that is, the relative rate of
decrease of the population is constant. The solution of equation (1) gives
the number of fish remaining after any subsequent time 4 as

N, - W, o~ (FHID) ¢ (2)
IT the unit of time is one
year has elapsed is

e-(F+M)

where e is the base of the natural logarithms.
year, then the number surviving after one

Then the annual survival rate is Nl/N03 where

v - i
¥o_ _-(Fm) (3)
No
and the annual mortality rate is
No-N ~(P+M
@] 1 =  1- ¢ ( ) i (4)
o
The rate at which fish are being caught at time t during the year is
dC ,
at - Ny
and from (2)
ac -(F+M) ¢
= - FN
at *IRD e
The total catch during the whole year is
.
c = Fhog e-(b+M)dt (5)
/oo

which after performing the integration becomes

o /
HNO /1 -(F+M)> (6)
F+ M \K - ° J
-~ i NS ’

Since from (4) the expression N, a - e“(F+M)) is the total number of
fish which have either been caught or have died from natural causes during
the year, equation (6) show that of these the fraction f/F+M have been caught.
Similarly, the fraction M/F+M have died naturally.




If the coefficients F and M can be taken as remaining effectively
constant throughout the life-gpan of the year-class in the fishery, then the
total catch obtained from the year-class during this whole period is

oC
( FN
-(F+U)t B 0 ,
C = FN_ e it = T (7)
o}

In other words the total catch cobtained from the year-class is the ratio
F/F+ll of its initial abundance on entering the fishery,

The use of instantaneous coefficients in the analysis of mortslities
of fish stocks has two advantages compared with annual mortality rates. One is
that the magnitude of the instantaneous coefficient is proportionsa 7the magnitude
of the cause of the mortality which is not the case with annusl rates; this is.
especially important when attempting to relate fishing effort to fishing mortality.

The other is. that if two or more causes of mortality are operating
simultaneously, the instantancous coefficient of the total mortality is the sum
of the coefficients for the two causes active independentlys whereas the total
annual mortality rate is not the sum of the two independent annual mortality
rates. Thus if the total mortality due to fishing and to natural causes is
expressed in terms of the sum of the two instantanecous coefficients (P + M),
the relation between the component due to Tishing (¥) and fishing effort can
~§e investigated independently of the magnitude of the natursl mortality coefficient




Table I, Arctic cod, Total catch for each region 1930 - 1958,

Metric tons round fresh weight,
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Year Region I Region Il b Region Il a Total
1930 83 466 72 013 282 163 437 642
1931 96 884 64 266 172 010 333 160
1932 118 681 52 761 220 922 392 364
1933 133 118 53 270 | 172 448 358 836
1934 183 977 58 773 188 134 430 884
1935 223 253 116 778 151 801 491 832
1936 369 574 186 182 190 148 745 904
1937 431 514 167 960 285 847 885 321
1938 314 075 215 913 259 309 789 297
1939 | 137 133 352 282
1940 137 394 20 244 699 382 113
1941 102 714 - 207 498 310 212 ;
1942 25 462 - 177 814 203 276
1943 32 506 - 136 118 168 624
1944 39 281 - 180 094 219 375
1945 50 000 151 958
1946 199 640 210 443 295 917 706 000
1947 340 758 164 879 376 380 882 017
1948 406 620 130 831 236 844 774 295
1949 484 942 127 103 188 077 800 122
1950 356 474 163 783 211 725 731 982
1951 407 989 140 493 278 698 827 180
1952 524 160 105 860 246 775 876 795 ]
1953 442 839 103 616 149 091 695 546 ]
1954 597 534 98 663 129 824 826 021 o
; 1955 830 694 . 153 437 163 710 1 147 841
! 1956 787 070 323 834 232 164 1 343 068
f' 1957 396 195 261 704 136 458 794 357
1958 345 420 254 232 152 131 751 783
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For notes see tables III - V,
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England - -
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72 034
59 905
53 012
57 718
82 946
119 681
192 944
225 917
213 043

260 046
309 171
316 103
361 602
248 711
255 654
224 983
133 394
148 185
214 968
260 209
154 634
149 513

...--.--—u---.-----—_q—_—.q——-n——-———--.-._——n-----.-—..—_...———-..—--—---——---n-—--—uw-—u-———--

Germany

99 453
113 903
107 037

95 759

4060

19 111
21 913
38 049
38 038
28 556
36 212
24 933
19 221
20 732
32 555
69 067
45 177
20 480

219 477
247 741
315 058
297 279
218 882
196 020
268 388
335 950
249 706
272 670

194
234
150
163

113 4

80
10
14

24

117
155
167
168
189
210
284

‘295

434
552
581
282
267

Table II.  Arctic cod. Total catch by countries 1930 - 1958,
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29
2 698
3 240

12 775

17 894
9 416
44 970
28 269

26 094
79 510
96 352

62 000
42 000

L S




Table III. Arctic cod. Catch by countries in Region I 1930 - 1958,

Metric tons round fresh weight,
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Year England Germany Norway USSR Cthers Total
1930 11 993 18 889 35 925 16 625 34 83 466
1931 9 444 13 300 38 419 35 685 36 96 884
1932 14 936 8 636 52 832 41 268 1 009 118 681
1933 21 031 14 702 59 080 37 393 912 133 118
1934 35 570 25 225 54 268 67 990 924 183 977
1935 29 952 22 040 72 397 95 770 3 094 223 253
1936 53 790 27 230 90 805 194 100 3 649 369 574
1937 77 120 32 600 85 281 233 260 3 253 431 514
1938 52 907 34 230 76 101 148 980 1857x) 314 075
1939 19788 66 639 - 163 200 3 591
940 - 3 460 20 504 113 430 - 137 394
941 - - - 22 324 80 390 - 102 714
1942 - - 15 452 10 010 - 25 462
1943 - - 17 636 14 870 - 32 506
1944 - - 14 731 24 550 - 39 281
1945 - 12 275 64 720 - ‘
946 53 835 - 28 676 117 100 29 199 640
1947 127 242 5 980 53 119 151 970 2 447 340 758
1948 164 794 17 000 63 386 158 650 2 790 406 620
1949 226 450 17 210 57 816 162 340 11 126 484 942
1950 136 790 13 500 66 230 135 410 4544 356474
1951 129 030 16 160 66 854 189 580 6 365 407 989
1952 130 546 8 220 92 019 258 830 34 545 524 160 o
1953 59 445 2 340 101 423 261 400 18 231 442 839
1954 72 347 12 440 86 759 404 650 21 338 597 534
1955 91 379 14 890 126 042 530 280 68 103 830 694
1956 67 787 11 640 113 686 512 170 81 787 787 070
1957 38 488 7 590 117 117 183 000 50 000 4) 396 195
1958 46 225 1181 121 444 146 570 30 000 4) 345 420

Note 1. All weights converted to round fresh Weig}:{f: by means of
conversion factors (k) : for Germany X =1,2

for Norway K=1.4

Note 2. Since 1949 Soviet data for catches of cod include small
quantities of haddock.

, ) Note 3. Includes small quantity of flounders. 5

Note 4, Estimated,




Table IV, Arctic cod, Catch by countries in Region II a 1930 - 1958,

Metric tons round fresh weight,
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Year England Germany Norway Cthers Total

1930 222 - 281 896 45 282 163

1931 1 064 - 170 934 12 172 010

1922 2 138 - 218 771 13 220 922

1933 2 003 - 170 438 7 172 448

1934 2 700 8 215 177 219 - 188 134

193 9 305 21 280 121 162 54 151 801

1936 16 594 43892 129 662 - 190 148

1937 27 490 58 681 199 582 94 285 847

1938 12326 39761 207 070 152 259 309

1939 16 000 ¥ 43 570 292 712 - 352 282

1940 600 244 099 - 244 699

1941 - - 207 498 - 207 498

1942 - , - 177 814 - 177 814

1943 - - 136 118 - 136 118

1944 - ' - 180 094 - 180 094

1945 - - 151 958 - 151 958 _

1946 20 413 - 275 504 - 295 917 ]
: 1947 45 302 1187 329 640 251 376 380 ﬂ
| 1948 43 771 15 740 176 883 450 236 844 |
ﬁ 1949 30 483 11 276 145 515 803 188 077 .

1950 15 483 14 316 173 779 8 147 211725

1951 22 990 17 002 238 512 194 278 698
. 1952 33 891 16 418 195 517 949 246 775
: 1953 23 297 12 490 113 304 - 149 091
! 1954 17 333 8 005 104 486 - 129 £24
: 1955 19 172 14 802 129 736 - 163 710

1956 28 381 27 144 176 561 78 232 164

1957 26 819 14 444 95 195 - 126 458

1958 23 200 15 989 112 942 - 152 131

Note: Landed weights converted to round fresh weights by meane
{, of conversion factors ‘ /
. for England and Germany 1.2
for Norway 1.6

x : estimated.




Table V. Arctic cod., Catch by countries in Region II b 1930 - 1958,

Metric tons round fresh weight,

e se an R MG W R e A G e R W SR W MR G A BN W MR R N T T M W G M m e M M e e e G e W e M M M T B KR AW S G W G o MM e M MR S e S B MR B R M RD KD WN e W CU M W SR e O Re e Tm we

England Germany Norway USSR Others Total
59 819 4 556 7 638 - - 72 013
49 397 12 779 2 090 - - 64 266
35 938 15 478 1 345 - - 52 761
34 684 16 739 1 847 - - 53 270
44 676 9 030 3 639 790 638 58 773 |
80 424 22 054 13 608 - 692 116 778 ‘
122 560 28 331 22 320 570 12 401 186 182
121 307 22 622 18 551 1300 4 180 167 960
147 810 33 046 26 226 1220 7 611 215 913
77 600 32401 19 856 , 190 7 686 137 133 x! i
- - - ' 20 - 20 |
50 000 - . - - 50 000 x! ¥
185 798 19 111 4 654 880 - 210 443 !
136 627 14 746 9 656 3 850 - 164 879
107 538 5309 8 704 9 280 ' - 130 831
104 669 9 552 6 146 5 890 846 127 103
96 438 740 7732 53 670 5 203 163 783
103 634 3 050 9 692 21 260 2 857 140 493
60 546 295 9 743 25 800 9476 105 860
i 50 652 4 391 4 155 34 380 10 038 103 616
58 505 287 4 775 30 340 4 756 98 663
| 104 417 2 863 12 610 22 140 11 407 153 437
i 164 041 30 283 45 703 69 320 14 487 323 834
1 89 327 23 143 37 394 99 840 12 000 261 704 x2
1 80 088 3 310 38 284 ~120 550 12 600 254 232 %2
- \i
Notes: ( 1) ENGLISH, GERMAN and (probably "CTHERS'") data refer to
: ’ landings, not catch; RUSSIAN data are of caich. i
( ii) GERMAN data compiled from monthly figures and increased by
|- factor of 1.2 to convert from gutted to whole weight.
| ‘ (iii) "OTHERS" for 1937 probably includes other gadoid species,
(iv) From 1952 onwards, the Faroe catch in the NE area is split
half in each of regions I and II b to arrive at a total for
NOTHERS",
x1 Estimated for English landings.
%% In the absence of statistics, the catch of "OTHERS" is taken

as 12 000 tons in 1957 and 1958 for the purpose of obtaining
on approximation to the total catch in these years.




\
Table VI, Arctic cod. Fishing effort in Region I 1930 - 1958.
__________ R & ¢ b B F &
rgland Germny Un [SSLowtoh Iotelestn mmgier | uen
16,30 5617 47500 6,96 5.02 113,45 238,45
16,04 5245 89213 10.26 2.72 164,57 242,65
21.89 3029 98257 7.95 2,88 174,03 282,99
29,17 3644 98403 6.33 3.56 184,65 350,30
31.47 3050 128283 5.17 2.71 164.10 347,64
24,72 3178 102978 7.45 2.33 184,16 239,94
36.72 2526 . 150294 6.87 1.90 252,27 361,55
57.37 3247 206425 5.60 1.85 321,27 381.90
42.59 2971 196026 5.94 ‘ 2.11 252,98 413,62
11.0 28.0
: 44.0 110.0
17.6 - 103628 3.71 1.71 6545 177.21
38.4 272 148990 2.68 2.24 103.0 333,74
63.1 851 161888 | 2.47 ' 2.56 155.7 414a44'
80.0 1013 = 170884 2.14 2.99 171.2 510,93
93,2 857 161202 2.61 2.63 248.0 423.96
98,93 1461 231195 3.16 2.15 312,62 497,07
102.60 1524 246505 4,02 2,03 412,45 500,42
53,12 334 275158 7.45 ' 1.69 395,74 465,02
51.47 851 340042 8.26 1.48 425,14 503,26
60.65 1050 373437 9.09 1.57 551.31 586,30
54,28 856 492471 11.61 1.54 630,19 758,40
44.46 616 10.29 2.17 457,49 778,64
5557 - 7447 2.36 C415.11 751.97 %
...................................................................................... |
Notes: -6
A Hours fishing x average tomnage x 10 = millions of ton~hours.

Data for 1946-1950 adjusted for distribution of effort on main
cod grounds,

Fishing days. ‘
Estimoated Hours fishing (obtained as ratioszEZi équil)a

Estimated total effort in BEnglish units,

02 =4 o w
I

= Bstimated total effort in Russian units (s 1070 Heurs Tighing).




Table VII.
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Arctic cod,

Total catch Total catch

Fishing effort in Region II a 1930 - 1958.

Total catch

Germany Norway  mpolish catch German catch

865
3 759
4 568
6 508
5 638

28 356 1 271.00
26 508 161.66
26 608 103.33

31 905 86. 09 |
28 336 69. 68 22.90
28 772 16.31 7.13
25 043 11.46 4.33
23 559 10.40 4.87
22 548 21.04 6.52
21 517 14.50 -
20 541 8.31 317.09
19 247 5.41 15.05
18 552 6.17 16. 68
16 514 13.67 14.79
21 981 12.12 16.39
23 645 7.28 15.03
23 192 6.40 11.94
20 441 7.49 16.22
14 437 8.54 11.06
18 033 | 8.18 8.55
10812 5,09 9.45
12 125 6.56 9.51

Lofoten catch

1.44
1.61
1.34
1.76
1.84
1.50
1.70
1.80
1.77
2.21
2.20
3.70
2.81

o am e  mm W e e e S e A ke WD e SN T ke b S B0 62 e 0 S B e am e T

194.40
213.45
127.49
131.22
157.31
166.87
121.45
175.15

German

effort x &

. v o e s e S e em B SR e wm WS Ne 6@ T S e Gm e e O e S am

19.81
26.80
19.78
31.69
36.76

165,84
38.15
43.33
58.76
61.38
64.93
36.70
44.31
46,35
35.88
36.65

Norwegian

efiort x F

e e o . a . — v s =t = - v u o oy e Mo W v o 4 S G4 0 K A G we G e v e S e Mo Ae e b e Ge e S s AC S ee v G e e A OB 6B G GD G G0 e e 6 e e SR Mn AN L6 Gm o OR M G M RS M S S e D e RS G e oem em em v o ome R SRR R omome s e

Notes:

Hours fishing x average tonrage x 10°° -
Fishing days.

Number of men fishing in Lofoten.
Estimated total effort in English units.
Estimated total effort in German units.
Estimated total effort in Norwegian units.

millions of ton~ho

urs.,




Table VIII, Arctic cod. Fishing effort in Region II b 1930 - 1958,

O & B A s o o D
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P Year England Germany USSR Total catch  English A/B English
' . of cod (tons) catch / effort x C
1930 - 17.51 596 72 013 59 819 1.20 21,01
1931 16,14 1 239 64 266 49 397 1530 20,98
1932 18,61 1227 52 761 35938  1:47 27.36
1933 14,48 1 637 53 270 34 684 1.54 22,30
1934 21,80 1337 1145 58 773 44 676 1.32 28,178
1935 19,79 1 707 - 116 778 80 424 1.45 28.70
1936 24,06 2043 687 186 182 122 560 1,52 36,57
4 1937 35,51 1311 1287 167 960 121 307 1.38 49,00 i
1938 50.71 1813 2 068 215 913 147 810 1.46 74,04 i
1939 (?) 1815 452 ~
1940 - 105
1945 5.59 ~ _
1946 20.33 866 518 210 443 185 798 1,13 22.97
1947 31.29 1099 4 425 164 879 .~ 136 627 1.21 37.86
1948 31,73 300 8 360 130 831 107 538 1.22 38.71
1949 27,60 7 960 6 402 127 103 104 669 1.21 33,490
1950 36.91 49 41 605 163 783 96 438 1.70 62,75
1951 54,23 169 17 008 140 493 = 103 634 1.36 73.75
1952 30.98 123 26 327 105 860 60 546 1,75 54,22
1953 27.48 319 31 255 103 616 50 652 2.05 56,33
1954 32,12 71 27 835 98 663 58 505 1.69 54,28
1955 44,32 137 19 593 153 437 104 417 1.47 65.15
1956 68.12 1623 48 139 323 834 164 041 1.97 134,20 :
1957 65,56 2 196 151 273 261 704 89 327 2.93 192.09 |
1958 66.39 585 215 268 254 232 80 088 3,17 210,46
NOTES : 6
(} Hours fishing x average tonnage x 107~ = millions of ton-hours.

{l) Fishing days.

{3> Estimated Hours fishing {obtained as ratio catch ( tons) )

catch/hr

D = Estimated total effort in English units.




Table IX. Arctic cod. Cateh per unit effort for trawl fisheries in Region I 1930-58,
Metric tons round fresh weight,
___________________________________________________ Relative C.P.U.B.
Year England Germany USSR England USSR
1930 0,074 3.36 0,35 0.510 0.422 |
1931 0.059 2.54 0,40 0,407 0.482 I
1932 0.068 2.85 0,42 0,469 0,506 !
1933 0.072 4.03 0.38 0,497 0,458 :
1934 0.112 8.27 0,53 0.772 0,639 1
1955 0.121 7.80 0.95 0.834 1.120 i
1936 0.146 11.30 1.02 1.007 1,229
% 1937 0.134 9,47 1.13 0,924 1.361
| 1938 0.124 10,60 0.76 0,855 0.916
fé' 1939
| 1945
i 1946 0,305 - 1.13 2,104 1.361
i 1947 0.335 22.50 1,02 2,510 1.229
] 1948 0,261 19.90 0,98 1.800 1.181
§ 1949 0.283 17,00 0.95 1.950 1.145
E 1950 0,147 15.85 0,84 1,014 1,012
] 1951 0.130 10.80 0,82 0,897 0.988 |
2 1952 0.127 5.04 1.05 0.876 1.265 h
| 1653 0,112 6.82 0.95 0.773 1,145 ;
| 1954 0.141 14,75%) 1.19 0.972 1.434 !
| 1955 0.151 14,007 1.42 1,041 1.711 ﬁ
| 1956 0.125 12.00%) 1.04 0,862 1.253 ;
?i 1957 0,087 15.95%) 0.51 0,600 0.614 ]
| 1958 0,083 - 0. 46 0,572 0.554 ?
| Average 0.145 . ?’,J\ v c)osgr‘l,.f_'~

-

Notess (1) »ﬁﬁglishdfigures are

100 hours fishing x average tonnage (ships)
Data for 1946-1950 adjusted for distribubtion of fishing on the main
cod grounds.

(II) German figures are tons per fishing day,
(III) Russian figures are tons per 1 hour trawling.

(IV) Relative C.P.U.E., = Annual values
Average

*) Fishing mainly in April, May, November, December and January.‘

R
Y




Table X, Arctic cod. Catch per unit effort for fisheries in Region II a 1930 - 1958,

Metric tons round fresh weight,
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Year England Germany Norway England Lofoten
1930 - 0.065 | - 7.18 0.351 1.264
1931 0.049 - 3.93 0,265 0.692
1932 0.084 - 6.32 0.454 1.113
11933 0.054 - 4,05 0.292 0.713
1934 ~ 0.087 9.50 4,92 0.470 0.866
1935 0.184 5,66 3,06 0.995 0.539
1936 0.337 9.61 3,37 1,822 0.593
1937 0,277 9,02 5,60 1,497, 0.986
1938 0.251. . 7.05 6,35 1,357 1.118
1939 .
1946 0. 647 | - 9.58 3.497 1.687
1947 0.381 2.27 11,36 2,059 2.000
1948 0.290 6.21 5.90 1,568 1.039
1949 0.296 4,34 5,75 1. 600 1,013 |
1950 0,140 3,60 6,96 0,757 1,226 %
] 1951 0.143 4,53 8. 44 0.773 1,486 W
1 1952 0,116 3.80 6. 14 0,627 1,081
1 1953 0.117 4,06 3.57 0:632 0.629
{ 1954 0,099 2.93 3,58 0,535 0,630
i 1955 0.104 3.53 5,14 0.562 0.905
1 1956 0.139 6.47 5,85 0.751 1,030
1957 0.112 3,72 3,41 0,605 0,600
1958 0,087 - 4,47 0,470 0,787
Average 0,185 5,679

tons { fish landed)
100 hours fishing x average tonnage {ships)

Notes: (i) English figures are

(ii) German figures are tons per fishing days,

(iii) Norwegian figures are tons per man in Lofoten.
Annual values

(iv) Relative C,P,U,E, =
~ Average




Table XI, Arctic cod, Catch per unit effort for trawl fisheries in Region II b 1930-58,

Metric tens round fresh weight, 1‘
e e e e e ———— e m————— Relative €. P. U.E. . }
Year England Germany USSR England USSR
1930 0.342 7.64 - 1.131 - :
1931 0.306 10. 31 - 1.012 -
1932 0.193 12.62 - 0.638 -
1933 0. 240 9.12 - 0.794 - |
1934 0.205 6.76 0.69 0.678 0.736 |
1935 0.406 12.94 - 1.343 - |
1936 0.510 13.87 0.83 1.687 0.885 !
1937 0.342 17.26 1.01 1.131 1.077 E
1938 0.292 18,23 0.59 0.966 0.629 ‘
1939 - 17.86 0.42 - 0.448 @
1940 - - 0.19 - 0.203 |
1946 0.915 22.06 1.70 3,026 1.812
1947 0.437 13,42 0.87 1.445 0.928
1948 0.339 17.70 1,11 1.121 1.183
1949 0.379 20,76 0.92 1.253 0.981
1950 0.261 15.12 1.29 0.863 1.375
1951 0.191 18.06 1,25 0. 632 1,333
1952 0.195 2,40 0.98 0.645 1.045 i
1953 0.184 13,78 1.10 0.608 1.173 ?
1954 0.182 4.04 1.09 0. 602 1.162 :
1955 0.236 20. 90 1.13 0.780 1,205 ﬁ
1956 0.241 18.99 1.44 0.797 1.536 !
1957 0.136 10. 54 0.66 0.450 0.704 ‘
1958 0.121 5.31 0.56 0.400 0.597 }
e emam e e i e e e |
L’ : Average  0.3024 . 0.938 '
Notes:. (i) English figures are tons  { fish landed )

100 hour fishingx average tonnage (ships)

W

(i)' German figures are tons per fishing day,

(iii) Russian figures are tons per 1 hour trawling.

(iv) Relative C.?.U.E. = Annual values
Average




Table AII ~ Region I Cod. Stock and Effort (see Fig.1l2z )

A B C

d=year sums

Year 1o§uiziih53§s :% of total effort
(ton=hours x 1076)
1946 125 0.80 120 i
1947 ' 139 0,72 212
1948 126 0.79 324
1949 . - 13 0.88 430
1950 ‘ 37 R 569
1951 50 2,02 727
1952 56 1,80 | 967
1953 48 2.07 1,121
1954 64 1.57 1,233
1955 64 1.57 1,372
1956 51 1,97 1,606
1957 34 2.95 1,639 | f
1958 38 2.66 1,505 |

Note: Col. A Based on English catch per unit effort data,

Col., C Estimates of total effort in English ton-hour units raised to s
total cateh ratio. :




Table XIII " Region II B Cod. Stock and Effort (see Fig.13 ) ;
A B C
L x 100
Year Numbers A 3-year sums
caught per = Reciprocal of total effort
100 ton-hours of CPUE millions of ton-hours
1935 ©194.1 0.52 | 80
1936 154.6 0.65 94
1937 123,10 , ' 0.81 114
1938 102.5 0.98 160
1946 186.77 0.54 28’
1947 » 108.7 0.92 66
1948 89.8 | 1.11 100
1949 150.5 0.66 110
1950 72.0 ; 1.39 135
i ‘1951 79.1 1.26 | 170
?é 1952 90.0 1.11 191
1953 79.5 1.26 | 184
1954 90.0 | 1.11 165
ii 1955 114.8 | 0.87 | 176 f
,; 1956 103.9 0.96 . | 254 §
; 1957 48.8 2.05 392 E
‘ 1958 60.2 1.66 537 '
Note: Col.A. Estimates based on English catch per 100 ton-hours fishing.
Col.C. Estimates of total fishing effort in English ton-hour units

raised to total catch ratio.




Table Xva. Region I Cod. Age-composition, number of fish per 1 hour's fishing
from USSR age data and catch per unit effort.
Year : ’ '
Age 1932 1933 1934 1935 1936 1937 1938 1946 1947 1948 1949 1950 1951 1952 195% 1954 1955 1956 1957 1958
| 2 17 8 7 13 4 11 1 - - 2 - - 4 4 1 - 1 2 6 7
3 43 60 42 35 44 24 12 27 7 3 2 2 87 86;139 25 10 20 - 15 13
4 61 49 97 77 53 73 24 43 58 6 10 23 182 326 321 351 79 40 47 58
5 5% 48 95 205 54 36 52 42 90 53 51 52 136 287 209 312 330 163 29 69
6 34 28 51 96 180 67 30 7090 114 149 71 70 145 82 171 251 233 59 39
7 27 2% 28 44 78 130 55 51 72 160 154 105 42 84 26 66 95 81 57 28
8 13 14 27 20 36 69 60 4% 19 39 54 55 18 20 15 25 36 28 36 31
9 8 6 8 8 9 24 26 90 23 24 20 24 7 10 4 10 12 6 710
10+ 19 11 8 11 10 11 10 96 84 29 24 24 4 6. 4 9 10 4 6 9
% total — \ |
ggggTQQQg 51 18 54 40 23 58 56 17 59 60 85 49 82 20 49 78 67 61
{ to 9 ’
Total mor-
tality co- 75 0.20 0.78 0.50 0.26 0.87 0.81 0.19 0.88 0.92 1.91 0.67 1.67 0.22 0.67 1.51 1.10 0.95
efficien_t v A- 0 [ . Y . e « 0 _Lo . . ( . . ) . . _)
ages 7 to 9

Total fish- \
ing effort 317 349 294 301 372 398 256 375 463 467 461 499 483 484 544 671 767 764
USSR units i :

Note: Total effort values in bottom row are‘in units of thousands of hours fishing.




Table Xvb Region I. Cod. Estimated age~composition of total catch by all countrles,
raised by English catch per unit effort.

YeAF 1932 1933 1934 1935 1936 1957 1938 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 q
Age v , : v : .
- -
3 0.02 " - - 0.03 0.10 0.02 0.37 7.26 2.09 0.88 4.42 - 0.04 0.15 0.02 0.07 - 0.02 0.08 0.56 ™
. ) : =
4 ‘0.38 0.37 0.4% 0.56 0.58 1.89 1.87 11.52 18.25 1.89 12.92 0.49 1.41 4.65 2,02 5.3%3% 0.73 0.50 1.98 4.44:8
5 1.49 2.12 3.18 7.85 1.75 2.91 7.09 11.39 28.42 15.59 18.38 1.15 8.6l 11.84 13.77 19.03 10.83 6.29 3.40 9.98 u
‘ : . . . ' . ’ . .'_|
6 3,16 3.37 6,18 1%.97 8.61 7.66 5.7% 18.91 28.42 %%.19 34.83 5,49 13.58 16,26 16.41 21.76 26.82 22.76 9.81 8.31 g
7 3.81 4.62 5.47 10.04 '7.96 17.05 9.46 13.77 22.57 46.77 20.08 12.89 11.52 13.14 7.20 10.25 15.70 13.51 9.70 5.81 §
2.16 3.37 8.69 5.82 9.28 8.65 9.54 11.77 5.99 11.31 9.08 9.32 6.62 4.09 5.49 %.99 5.44 5.59 6.55 5,53 g
9 1.55 1.60 2.59 2.82 3.50 2.53'4.30 24.29 7.10 7.17 6.58 4.28 4.11 2.11 1.62 1.62 1.93 1.20 1.29 1.56 5
. &
10 2.20 1.37 0.75 0.88 0.93% 0.38 1.24 17.65 10.45 2.01 2.94 1.76 1.76 1.52 0.70 0.48 1.30 0.61 0.58 0.91 £
' O
11 1.48 0.64 0.56 0.29 0.19 0.26 0.48 5.26 11.01 3.65 1.59 1.01 1.96 0.91 0.15 0.67 0.57 0.24 0.38 0.42 B
, | — =
12+ 2.80 2.18 1.98 1.22 1.1% 0.3% 0.1% 3.13 4.74 2.76 2.50 0.37 0.02 0.9% 0.25 0.13 0,19 0.08 0.10 o.zo.ﬁ .
. m%@
@ o
% total B
POTSAMIT 19 20 41 25 46 47 49 23 66 55 52 66 59 6L 49 72 67 65 B4
b . .
7 to 9 LE
oz
total mor- , &1@
§ tality co- G)é
| efficient, 0,21 -0.18 0.5% 0.29 0.61 0.64 0.67 0.26 1.09 0.76 0.74 1.09 0.90 0.94 0.67 1.27 1.10 1.00 ~ 8
ages 7 to ' , . [RE
9 O G
B O
iotal fish- : , , : .
%ﬁgliéiort 79 174 174 218 287 287 84 130 163 210 280 363 404 410 488 591 544 436§
E units ' ' / =




Table 1g,.

“Region IIB Cod. Age-composition, number per 100

ton-hours fishing, and total effort.

Year .
Age 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958
3 1.0 - - - 0.2 1.7 1.5 2,1 1.7 0.3 - 0.2 1.2
4 11.1 9.4 2.7 9.5 2.6 9.0 36,1 10.7 19.6 10.8 ‘1.1 2.7 25.1
5 24.6 40.9 20.5 43.3 12.4 11.1 23.8 38.8 25.4 60.2 22.1 4.7 14.1
6 15.8 14.1 22.9 65.4 26.5 20.4 7.7 15.6 35.3 26.4 60.4 16.1 6.0
7 9.2 1.6 19.7 26.4 19.7 18.7 8.6 3.9 4.8 14.2 11.9 18.6 8.2
8 14.6 1.8 5.5 4.0 7.8 13.4 4.7 4.4 1.7 1.6 7.2 4.5 4.5
9 71.1 13.6 3.9 1.3 2.3 3.4 6.7 2.7 0.8 0.4 0.8 1.7 0.8
10+ 38.9 27.3 13.6 0.6 0.5 0.8 0.9 1.3 0.7 0.9 0.4 0.3 0.3
Mean %
total
mortali- .
ty rate, 41 63 47 71 68 51 70 72
ages 6/7,
7/8 and
Mean total
mortality

codfficient

0.52 0.99 0.63 1.24 1.15 0.72 1.20 1.27

Togal

fishing

units

effort,
English

/s

68 64 55 55 60 99 163 201

Note (i)
(ii)

English age data and catch/unit effort from 1950 - 1958

USSR age data converted to equivalent English age-composition

for 1946 - 1949,




. Table XVIb

Region II B Cod.

Age-composition, number per Rours fishing,

based on U.S.S.R. data

A B
Age % mortality Mortality
& 3 ¢ 5 8 7 8 9 10+ be; 6-8/7-9  coefficient
Year
1949 + 41 117 174 70 11 4 1
- 11 - 0,10
1950 10 21 82 126 175 78 29 26
' 55 0.80
1951 40 162 187 - 254 131 38 3 +
61 0,92
1952 65 388 161 57 68 51 47 52
' S ' 58 0,87
1953 . 146 117 325 146 37 26 11 5
' ‘ 50 0.69
1954 9 204 187 183 61 25 17 36
‘ 50 0,69
1955 8 114 251 134 105 - 23 6 6
42 0.54
1956 2 33 232 348 110 40 2 1
74 1.35
1957 53 27 28 87 87 35 9 3
~ . _ 81 1.66
1958 54 234 48 22 29 100 1 +
- N
Note: Coles A = % Mortality rate = T x 100

Col. B

fl
—

-A
e




Table XVIL Spawning group composition of skiyei 1946~1950 and
1951-1958 and corresponding effort of mature fish.

A ‘ B

Relative catch/

unit effort Total catch

SPZ¥§agg 1946 - 50 1951 - 58 Year England England USSR %iig i:%ii/ fighM%:gﬁgn Total effort Mean effort
Ila I I  unit effort I, IIa, IIb B/A for period
‘1 451 466 597 614 1946 3.057  3.340 3.05% 5.150 - 1%1812 41845
2 282 241 293 258 1947 1.715 2,111 1.680 1.835 o 1"58629 75547 \
3 156 141 77 80 1948 1.258 1,445 1,227 1,310 92757 70792 } 67,735
4 66 71 18 22 1949 | 1.3%69 1.214 1.307 1.297 18151 60240 |
5 32 38 7 11 1950 O.6OO 0.889 1,3%373% - 0.954 ‘ 86090 90241 ) : '
6 15 19 4 7 1951  0.747  0.838 0,387 0,657 86050 130974 \\"
7 10 10 5 4 1952  0.600 0,514 0,480 0,531 77121 145237 ;
8 5 6 1 2 1953  0.600 0.441 0.307 0.449 16489 103543 |
9 5 4 -1 1954 0.515 0.397 0,587 0.499 50186 100573 \ |
vy 121,360
10 12 - - 1955 0.542 0.507 0,773 0,607 61668 101595 / ‘
1 1 1 - - 1956 0.772 0.415 0.507 0,564 81652 144773 S
2 - = - - 1957 0.656 0.484 0.653  0.597 70257 117684 |
F+ M 0.62 0.62 1.0 O.w7 1958 0.515 0.460 0.667 0.537 67772 126205  /
Mean 0.2 1.0 | |
Notes:

Mature fish are 8 years and older.




Comparison of abundance of certain year-classes
in Region I and four years later in Reglon IIA,
and total fighing effort.

A Year B C D Year E

206 1950 528 2.56  1.36  1946/49  1.77
300 1951 1022  3.41  1.07  1947/50 @ 2.41
333 1952 795 2.39 1.43 1948/51  3.17
364 1953 470 1.29 2,05 1949/52  4.09

251 1954~ 412 1.64 1.8L  1950/53  4.90
430 1955 577  1.34 2,01  1951/54  5.55
842 1956 795 .94 2.36 1952/55  6.39
638 1957 418 66 2.72  1953/56  7.17
900 1958 642 .71 2.65 1954/57  7.38

Catch per unit effort of age-groups 4 to 7; hos,
per hour's trawling, USSR data.

Catch per unit effort of age groups 8 to 11 four
years later;

’Rati§s Col.B to Col.A. (proporticnal to survival
rate '

Natural logarithms of reciprocals of Col.D - ‘ : ;
(proportional to total mortality coefficient). ) , :

Total fishing effort in Region I, in relative units.
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Figure Cl8a. Arctic cod. Region I. Relation between stock density and fishing
effort. (See Table CXII). -
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Pigure C12b. Arctic cod. Region I. Relation between the reciprocal of the stock
density and fishing effort. (See TableCXII).
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Table H.I, Arctic haddock: Total landings for each region 1930-1958
in metric tons round fresh weight

W e e VW B T . W W Y - WS- - MR VP KU WO NS NS M W KNS WP AP NN WA U WA S WS WS G NN NOT MR MR W WY GAE M WON WD e WO M NS A S RN R S G e S W BEY WG WG GE R RUR SUU N ML SN T VR OOV W SN WD WO RN

Year Region I Region IIa Region ITb Total
192 . 91,042 2.834 : 8.479 102,355
1931 69.958 ' 4,596 6.162 80,716
1932 40,912 4,910 . 8,432 54,254
1933 41,399 3,434 3,497 48,330
1934 44,658 10.062 4,596 59,316
1935 52,667 18,411 5.388 76,466
1936 73,046 21.462 3.924 ' 98,432
1937 102,583 27,973 7.391 137,947
1938 - 167,741 30,384 14,202 212,327
1939 106,139 17.050 5,748 128,937
1940 88,835 1.981 | 15 90.831
1941 68,115 C 2,577 - 70,692
1942 21.030 2.191 - 23.221
1943 47,798 1,747 - 49.545
1944 55,734 ' 1.145 - 56.879
1945 21.171 1.023 - 22.194
1945 59.166 26,799 8,245 94,210
1947 94,329 ' 36,258 5,603 : 136,190
1948 79,4253 37.785 7.373 124,581
1949 115.574 24,953 9.626 - - 150,153
1950 90,517 30.010 11.206 131,733
1951 864735 27,758 5.564 | kﬁlzogosf
1952 ~ 108,662 20,334 3.664 127,660
1953 105.416 15,605 2,426 123,447
1954 125,681 22,096 8.671 1555448
1955 157,098 ‘ 34,693 10.954 202,745
1956 163.720 40,935 8.624 213.279
1957 £5.925 24,658 11.061 122.705
1958 78.065 © 28,613 5.121 111.799
Note 1: All weights converted to round fresh weight by means of conversion factors:
England 1930 - 38 and 1951-58 1.2
" 1946 - 1950 1.6
. Germany - ' 1.2

Norway 1.4




Table HJﬂ{ Arctic Haddock: Total landings by countries, 1930 - 1958
‘ in metric tons round fresh weight.,

Year England Germany Norwayv U.SeS.Re Others

1930 29,731 41,527 30.937 - 160
1931 18.899 34.836 26,854 - 127
1932 18.881 20.830 14.387 - 156
1933 16,602 21.277 10,393 - 58
1934 16,425 15,497 13,277 14,080 57
1935 23,887 28.380 13,226 10.910 83
1936 36,450  20.432 19.190 22,300 60
1937 50.546 30,900 22,813 33,440 248
1938 46,982 46,824 20.412 97.300 809
1939 - 33,972 20,056 ' 744680 229
1940 - 2,764 11.606 764400 61
1941 - - 11.677 58.660 355
1942 - - 11.841 11.380 -
1943 - - 8,445 41,100 -
1944 - o - 2.349 54,530 -
1945 - - 1.344 20.850 -
1946 72,733 58 8.199 13,210 10
1947 82,957 655 14,682 37.210 686
1948 62,777 12.900 30.652 17.800 452
1949 80.757 12,455 25,803 29.320 1,818
1950 70,684 13,993  21.805 24,764 487
1951 52.367 11.785  21.405 34,144 "~ 356
1952 464351 7.536 26,940 46,589 244
1953 30,084 . B.544 39.176 47,442 201
1954 32.208 9.993 41,004 73,147 9%
1955 44,085 18.462 44,641 95,450 107
1956 43,072 26,258 51.255 92,551 143
1957 52.634 8.449 47,748 53,780 o
1958 27,317 7.622 50,377 26,383 100




le H 17T Arctic haddock:  Total landings from Region I, 1930 - 1958
in metric tons round fresh weight,

---—-u——--———————_-—-—.——————----—————-——.'—--a——-—---———————-—-—_—_—--—-_—————--—-.—-:-n

England Germany Norway UeSsSaRa Others Total
21.846 40,765 28,451 - - 91.042
13,781 132.750 23,362 . | 65 69.958
12,430 - 17.828 10,562 - 92 40,912
14,062 19,424 7.902 - 11 41,399
12,834 8,322 9.395 14.070 37 44,658
16.036 15,404 10,296 10.910 21 52,667
25,956 8.767 15,981 22,300 42 73,046
34,716 14.482 19,727 33,410 248 102.583
30.281 .. .. 22,666  17.632 . 96,500 662 167,741

- 13.855 17.462 74,650 192 106.139
- 2,616 9.768 76,390 61 88,835
- : - 9.100 58,660 355 68,115
- - 9.650 11.380 - 21.030
- - 6,698 41,100 - 47,798
- - 1.204 54,530 - B54734
- - 321 20,850 - 21.171
39,752 - 6.194 13,210 10 59.166
44,797 325 11.514 37.200 493 94,329
34.954 349 26,113 - 17.680- 327 79.423
62.488 2.526 19.845 29,220 1495 115,574
47,923 1.351 16,453 24,374 416 90.517
334259 2.105 17.048 34,124 199 . 864,735
33,441 1.904 21,491 46,589 237 103,662
21.761 1.217 55,261 47.052 125 105,416
15,752 2.218 34,805 72.837 69 125,681
19,356 3.402 38,829 95,450 61 157,098
23,182 4,028 44,259 92.191 60 163,720
14,986 1.134 37,883 32,940 43 86,986
10,012 ' 172 41,448 26,383 A 50 78,065
All weights converted to roﬁnd fresh weight by means of the same conversion
factors (see Note 1 in table H.I.)
Figures for "others" taken direct from Bulletin Statistique.

From 1953 onwards the Faroe landings from the NE-area are split in half
region I and half region IIb, : :

Soviet data from 1949 onwards, as presented, included small gquantities of 1
haddock in with cod. Haddock landings for these years were estimated as
0.18 x cod, the average proportion in the years 1945 - 1948, ’

"Others" in 1958 estimated.




Table H IV  Arctic haddock: Total landings from Region IIa, 1930 - 10958
in metric tons round fresh weight.

D A N S O W G0 W D St ) O B R A G W e ) S G e Ve J N G S A S S N WS Cot T G W O S S P e U e S e R o AP S G o

Year England Germany . Norway Others Total
1930 168 - 2.506 160 2.834
1931 1,042 - 34482 62 - 4.596
1932 1.021 - 3.825 64 4,910
1933 896 - 2.491 o4t 3434
1934 1.736 4,444 3.882 - 10.062
1935 4,421 11,018 2,950 42 18.411
1936 7.388 10.865 3.209 - 21.462
1937 9.964 14.923 3.086 - 27,973
1938 7,408 20,149 2.780 47 30,384
1939 - 0 14.456 2.594 - 17.050
1940 - ’ 143 1.838 . - 1.981
1941 - - 2,577 - 2,577
1942 - - 2.191 - 2.191
1943 - - - 1,747 - 1.747
1944 - - 1.145 - 1.145
1945 - . - 1.023 - 1.023
1946 24,794 - 2.005 - 26.799
1947 52.819 78 3.168 193 36.258
1948  20.618 12.503 4.539 125 37,785
1949 8.978 - 9.730 5.958 287 24,953
1950 11.958 12.629 5,352 71 30.010
1951 13.601 9.643 4,357 157 27.758
1952 9.270 5.615 5.449 - . 20.334
1953 64492 5.261 3.852 - 15.605
1954 8.231 74740 6.125 - 22,096
1955 14,237 14.875 5.581 - 34,693
1956 13,401 21.439 6.070 25 40,935
1957 8,670 64719 9.269 - 24.658
1958 13.003 7.301 84309 - 28.613

) G582 A A e W -t A e Yo o AR D A 0 o o o PO W

Note 1: All weights converted to round fresh weight by means of the same
conversion factors (see note 1 in table H,I.)

Note 2: Figures for "Others" taken direct from Bulletin Stastique.

Note 3: From 1953 onwards the Faroe landings from the NE area are split in half
region I and half region IIb,

Note 4: From 1953 onwards the German landings from Svingy are not included,




Teble HV, Arctic Haddock: Total landings from Region IIb, 1930 - 1958

in metric tons round fresh weight

e S O M Y v WS S St T e A W A A N 8 e 4 W WS S 4 W NS G M A e SR G WS N M M S A B AR S S AN O A e e ———" o - S T -

Year England Germany Norway ‘U.5.5.R. Others Total
1950 7,717 762 - - - 8.479
1931 4,076 2,086 - - - 6.162
1932 5430 3,002 - - - 84432
1933 1.644 1.853 - - - 34497
1934 1.855 2,731 - 10 - 4,596
1935 3,430 1.958 - - - 5.388
1936 3,106 800 - - 18 3.924
1937 5.866 1.495 - 80 - 7,391
1938 9.293  4.009 - . 800 100 14.202
193¢ - - 5.681 - 30 37 5.748
1940 - s - 10 . 15
1941 - - - - - -
1942 - - - - - -
1943 - - - - - -
1944 - - - - - -
1945 - - - - - -
1946 8.187 58 - - - 8a245
1947 543841 252 - 10 - 5,603
1948 7.205 48 - : 120 - | Te373
1949 9.291 199 - 100 36 ‘9.626
1950 10,803 13 - 590 - 11.206
1951 54,507 _ 37 - 20 - : 5,564
1952 3,640 17 - - 7. 5;664
1953 1.831 66 | 63 390 C 76 24,426~
1954 8.225 35 74 30 27 8,671
1955 10.492 185 231 - 46 10,954
1956 64489 791 926 360 58 8.624
1957 8.978 596 596 840 51 11.061
1958 4.302 149 620 - 50 5.121
Note 1: All weight converted to round fresh weight by means of the same conversion
factors (see Note 1 in table H.I.).
Note 2: Figures for "Others" taken direct from Bulletin Statistique.
Note 3: For years prior to 1953 the Norwegian landings of haddock inkregion IIb are
partly included in the catch from region I and partly region Ila,
Note 4: From 1953 onwards the Faroe landings from the NE-area are split in half

region I and half region IIb.
"Others" in 1958 estimated,




Tgble H.b. Arctic haddock. Catch per unit effort, expressed as
‘ kilos per 100 ton-hours fishing.

Year ' Region I Region II a . Region II ®
1930 134 | - | 43.0
léSl 86 - 25,0
1932 56 - 28.0
1933 | 49 - 11.5
1934 ! - 8.6
1935 66 0.95 17.3
1936 71 | A; 1.5 13.0
1937 59 1.0 16.5
1938 71 1.5 18.2
1946 97 1 41.0
1947 61 2.8 17.1
1948 52 1.4 23,4
1949 : 67 ' 0.87 34,2
1950 41 1 28.6 -
1951 33 0.84 10.2
1952 32 032 11.8
1953 41 | 0.%2 , 6.7
1954 30 0.46 25.8
1955 31 | 0.77 24.4
1956 42 | 0.66 9.5
1957 55 o030 | 13.7
1958 19 0.48 6.5
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Figure H3. Arctic hadlock. Total landings by countries in Region I.
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Figure H4. Arctic haddock. Total landings by countries in Region Ila.
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Figure H6, Arctic Haddock. Catch per unit effort, in English units.
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Figure H7a. Arctic Haddock., Region I, Length composition
R German (1929-55). and English (1956-58)
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Figure H7b. Arctic Haddock, Region I, Length composition
USSR data adjusted to correspond with English and
German,landings for periods 1947-51 and 1952-58,
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Figure H8. Arctic Haddock, Region I, Average weight of fish landed, 14




