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2) Scope of this report 
This report presents a summary of the data relating to the Arctic cad and haddock fisheries which were presented and processed at the first meeting of the Working Group in Bergen (May) 9 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 inter­pret the changes that have occurred in these fisheries over the last thirty yearse We have tried as far as possible to establish what has been the effeet of fishing on the stoeks of Arctic cod and haddock, both from a study of long­term trends in stock abundance and by estimation of fishing and natural mOT­tality where the data permitted? and to distinguish between changes due to fishing and those due to natural fluctuations 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 lo> COD .. 

Å. Trends in land i ngs 2 fishing effort and catch per unit efforte 

A.l.. Landings 

Statisties of the landings of cad since 1930 are given in Tables I to V; these data are plotted in Figs. C.l to C.5 (cor~esponding to these tables) to show the trends that have occurred since that time. 
Fig. C.l shows the totallandings by all countries in·each of the three regions, viz: Region I (Barents Sea)~ Region IlA (Norwegian coast.) and Region IlE (Bear Island and Spitzbergen), and also the totallandings from all regions combined. It will be. noted that the landings increased in all three regions after 1934 but decreased during the war period owing to the partial or complete cessation of fishing. 8ince 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 a peak in 1955 but have fallen again sharply in 1957 and 1958. In Region IlA the landings have declined since 1947. As a consequence of. these o,pposing trends 9 the totallandings from all regions have remained at roughly the same level 8ince 1946, apart from a transitory increase in 1955 and 1956. 

t 

The trends in totallandings shown in Fig. C.l can be better understood by seeing how the totallandings have been partitioned among the four main fishing countries in the Arctic, viz: England, Germany, Norway and the U.S.S .. Rg Fig. C.2 shows the totallandings in all three regions by countries, and Figs~ C.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 1 9 and the decline in Norwegian landings from Region IlA over 
the same periode 

A.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 
effart, has changed. 

In a trawl fishery a fairly reliable measure of fishing effort is the 
total time spent fishing per year by all 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-effortfor English trawlers is the product of fishing time 
and average gross tonnage, i.e. theUton-hour". A similar relation has heen 
report ed for German trawlers, but in the Soviet trawleT fleet fishing power 
and tonnage are not so closely related, and the simple ti fishing hOUT." 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 yearso 
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 stacks'ineach 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 areliable measure of fishing 
effort for these years, and in any case it would be in quite different units 
to trawl effort and sa could not be simply added up to givettotal 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 to that by trawl. This gives total effort 
in trawler effort units, c:,nd 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 Err and that the catch thus obtai.ned. was Grr ; if the 
total catch by all other countries and gears from the same region in the same 
year was C~ then the total effort (in trawler units) expended on the stock in 
that year was 

E 
C 

ET x­CT 

Tables VI, VII and Vllr give the statistics of fishing effort hy the 
English, German and Soviet trawler fleets ineach region since 1930, and of 
the number of men fishing at Lofoten in the Norwegian fishery (Region IIA}i 
For Region I (Table C06) it was agreed that the English and Soviet effo~~lw~re the 
best to take as references for computing a total effort on cad 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-nour fishing" units and 
column G in Soviet ti fishing hour ,Il 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 
Figa C06 9 where each set of figures has been adjusted to its rneanvalue to 
make th~~7~omparable; it is important to note that the relative increase in 
total effort is very much the same whether English or Soviet effort units are 
takefirreference, and is. about five-fold since 1946. 'J:lhe total effort during 
the war period could not be estimated precisely, hut is certainly below the 
1946 level. In Region rIA~ total effort is shown in relative units since 1946 
in Fig. G.4, taking English effort as reference; for pre-war years the English 
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fishing here was not thought to be reliable enough to use for caleulating a to­tal effort. The total effort in Region IlA inereased up to 1952, but thereafter has not ehanged greatly. English effort is also taken as the reference effort in Region IlE (Fig.Co8) sinee the English fleet has fished consistently here since 1930; the total effort in this region has increased very greatly since 1946, espeeially in the last three yearso There was no fishing in Region IIB during the w~r periode 
It is evident from these diagrams that the fishing effort in the Arctic cad fisheries has changed very great1y sinee 1930, with a substantial decrease during the war period and a subsequent rise to a high level in the last three years. 
Sueh a situation is favourable for examining the effeet of changes in the amount of fishing on the abundance of the stocks, which is the next question to be consideredo 

A.3. CatchX~er unit effort 
In a trawl fishery the weight or number of fish caught per unit of fishing effort can be taken_J19 a, fairly reliable index of the stock abundance, provided certain possible complicating factors are born in minde For example, it is ne­cessary that in eomparing values of eatch per unff75f a particular speeies over a lang period the fleet should have fished eonsistently for that speeies through­out, and preferably should have been a substantial'part of the total fishing effort, sinee a small fleet might not have been able to fish representatively over the area occupied by the stock. It is also neeessary that the fleetshould he one in whieh the uni t of effort can be evaluated as relia-bly as possible Q Tables IX, X and XI give va1ues of eatch (weight) per unit effort by various eountries in each of the three regions sinee 1930. They are in different units because the eiforts are different, but the y can be compared by adjusting each series of figures relative to its average 9 these are given in the last eolumns of eaeh table. 

For Region I it was agreed that the most reliable measures of stock abundance would be provided by the eateh 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 when the very strong 1929 year-class was at its peak in the immature stoek. In 1946 the English eateh per unit effort was mueh higher than in 1938 and has fallen ever sinee exeept for a temporary rise in 1954 and 1955. The Soviet eateh per unit effort also fell until 1951 but then inereased to a peak in 1955 as did the English eateh per unit effort, although the inerease was greatex and started two years earlier. This differenee is due to the somewhat different fishing areas of the twa fleets at this time, when the good 1948 and 1950 year­elasses were first beeoming of eatchable size, and to the faet that the smaller fish are not landed by the English trawlers. Thus the inerease in the Soviet eateh per unit effort refleets the abundanee of these good year elasses earlier and to a greater extent than does that of the English fleet; for the same rea­son the Soviet eateh per unit effort showed a more marked fall in 1957 and 1958 when the fish had beeome older and moved further westward. The English eateh per unit effort data refer mainly to the somewhat older fish throughout the period sinee 1946, and give a pieture of the decline in their abundanee over that period which is less influenced by year-class fluetuations. In the period from 1930 to 1938? on the other hand, the English fleet in Region I coneentrated more on haddock than it did in later years, and the English cateh per unit ef'­fort data for cad may not be truly comparable with post-war data. 
There was very li ttle English travvling in Region IlA befare 1935, but after that year the English eateh per unit effort can be taken as a reasonab1y good index of stock abundance, and the ehanges that have oceurred are shown in Fig. C.IO. Partieularly striking is the high value in 1946 and the sharp deeline sinee then to about one seventh of the 1946 value. 

x)Strictly, this shouldbe eal1ed "landings" per unit effort, but it was thought preferable to retain the term Heateh" whieh 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 alevel 
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-cIas ses which appeared here as well as in Region 1., but 
the decline continued in 1957 and 1958. An even more pronounced decline is 
seen in the U.S.S.R. eatch per unit effort values sinee 1950. 

When these general trends in eateh per unit effort are set against the 
changes in total fishing effort that have oecurred during the same period, it 
is diffieult to avoid the eonelusion that increased fishing has been the main 
cause of the post-war deeline in eateh per unit effort in all three regions. 
Only in Region I is the picture complicated by changes in the coneentration 
of fishing on the young fish of espeeially good year-elasses, but when allowance 
is made for this and all the available eateh per unit effort data are used, a 
similar eonelusion is reaehedc In order to assess the effeet of ehange in 
mesh size as is attempted later in this report, it is neeessary to take this 
kind of analysis further and to obtain a more precise evaluation of the in­
fluenee 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 
ratæfrom 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 ihat the total fishing effort has 
also remained steadyo The stock will then be in equilibrium with the fishing 
effort applied to it, and the total number of fish in the stoek-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. 
If, now, the fishing effort inereases to a higher level, the number of fish 
in the stoek will deerease for a few years until a new equilibrium is reaehedo 
There is, in faet, a simple relation betweenstoek numbers and fishing effort 
under equilibrium eDnditions 9 namely that stoek size varies inversely with 
the total mortality rate expressed as an instantaneous coeffieient. Thus if 
the number of fish in the stoek is denoted by SN' and the number of fish re­
cruited annually by R? the equilibrium relation between stoek and fishing ef­
fort can be expressed as 

R S =---
N F + Iv1 oe ••• (l) 

where F and Iv1 are the instantaneous coeffieients of fishing and natural morta­
lit Y respeetively. The mathematieal derivation of an instantaneoufB coeffieient 
of mortality is given in Appendix I; here it is sufficient to note that the 
numerieal v~lue of sueh a eoeffieient is proportional to the magnitude of the 
cause of that mortality. Inequation (l), for example" F is proportional to 
the total fishing effort, and can be replaced hy the quantity cf, where :f is 
the total fishing effort, and c is the fonstant of proportionality, the numeri­
cal value of whieh depends on the unit7effort employedo It is convenient also 
to express the number of fish in the stock relative to the number recruited 
annually, so thatthe equation can be written 

l 
cf + M 

This equation prediets that with inereasing fishing effort (r) values 
of stoek numbers should lie on a descending eurve, and from the extent of the 
stnek decrease eompa~ed with the inerease in effort it is possible to deduee 
how mueh of the total mortality is due to fishing. Thus if there were np na­
tural mortality at all, Iv1 in equation (2) would be zero, and stock would vary 
inversely with fishing effort (as areetangular hyperbola), if, on the other 
hand, most of the total mortalitywere due to natural causes, M would be large 
compared with cf and stoek size would not change mueh even with quite large 
changes in effort. Since it is easier to interpret data which lie on a straight 
line rather than ona eurve, it is convenient to transform equation (2) by 
taking reeiproeals of both sides, giv ing 

I 
--~~~~~~======~~~~~~~~~~~~~~~~.~/"j 
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l = cf + M 
sN/R • • • •• (3) 

Thus the reciprocal of stock numbers is seen to inerease linearly with eff~rt. 

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

Table XII gives data of eateh by numbers per unit effort and of 3-year 
sums of total effort in Region I sinee 1946~ English units of eatch per unit 
effortare used sinee fo:r 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.A, and reeiprocal of stock against 
effart in Fig. C.12.B. Th~ points are rather scattered, primarily beoause in 
practiee the annua1 recrlJitment is not constant (as is assumed in equations 
(.2) and (3)9 nevertheless, both diagrams showa elear tendeney for stock and 
reciproea1 of stock to vary with effort as would be expeeted theoretieal1y~ 

,Values for 1957 and 1958 are indieated in both diagrams.. . 

It will be noted that the straight line whieh represents the data in Fig. 
C.12GB does not pass through the origin out gives a small positive intereept 
on the stoek axis~ where effort is zero, If it were possible to measure the 
true number of fish in the stock per recruit, this intereept would give an 
estimate of the natural mortality coeffieient M, sinee from equation (3) when 
the~e is no fishing (cf = O), we have 

Sinee we have only a proportional index of stock, i.e. catch per unit eifort, 
the intercept (a) of Figc C.12,~ is itself only proportional to the natural 
mortality coeffieient M. Howeve+~ at the level of effort in 1958 (about 1500 
units) the reciproeal of stock has increased by the amount (b), shown in Fig~ 
C.12.B, which is proportional to the fishing mortality coefficient in that 
year. Therefore, we can say that in 1958 the ratio. of the fishing mort&lity 
coeffieient to the natural mortality coefficient was bla, and'from Fig.C.12.B 
this ratio is seen to be abou~ 5 to l. In other words, the eonelusion from 
Fig .. C .. 12.B is that in Region I in 1958 something in the region of 5/6 or ahout 
85% of the total mortality in the stoek was due to fishing. 

Table XIII gives data of eateh per unit effart for Region IIB and total 
effort in English units sinee 1935, by whieh time the exploratory period was 
over and fishing had beeome eonsiderable. These data are plotted in Figs. 
C"l}.A and C.13.B in the same way as before. Again a elear relation is seen 
between stock and effort; in this case the intercept is about one-quarter aI 
the value at the 1958 level of effort, giv-ing 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 
II,å. Al though this demonstrates that fishing has had a marked effeet on the 
stoek, the data cannot be lised to estimate the relative magnitude of fishing 
and natural mortality as in Regions I and IIB. This is because the stoek in 
Region IlA is eomposed priniarily of old mature fish? and the recruitment to it 
is itself affected by fishing in Regions I and IIBwhere the same fish are' 
immature. 

To summarize, it can be said that the relations between stoek and efIort 
in Regions I and IlE Iead to the eonelusion that in both regions the total 
fishing effort in recent 'years has been respansible for between 75% and 85% 
of the total mortality in the stoek. It is now necessary to attempt to measure 
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the actual magnitude of these mortality coefficients, both in these two 
regions and also in Region IlA. This requires data on the age-eomposition of 
the stocks. 

B.2. Estimation of fishing and natural mortality eoefficients 
from data of age-composition and fishing effort. 

Although the procedure of relating total stoek numbers to fishing 
effart described above has given areasonably canclusive 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 data 
over a long period of years; this may involve some error due to factors such 
as increased fishing power of vessels and gear which cannot easily be al10wed 
for. Those difficulties are largely overcome if the age-composition of the 
stoek is known and the abundance of particular year-cIas ses can be compared 
from one year to the next to give an estimate of the total mortality rate in 
those two years wlileh banbe related to the total fishing effort at that time. 
It is fortunate that age, and length eompositions of Arctic cad are available 
from all four eountries, the data eol1ected by the USSR in Region I and by 
Norway in Region IlA being particular extensive. 

Before analysing these data in detail 9 it is of interest to see the 
general changes in the age-eomposition of the totallandings that have oecurred 
sinee 1930 in the three regions. For this purpose the data are grouped into 
three periods; Ca) 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.A, 
C.14.B and C.14.C for eaeh region? respeetively. It will be seen that in each 
region the older fish are particularly abundant in period (b) after the war 
when fishing was mueh redueed in Regions I and IlA, and absent in Region IIB. 
It will be notieed also that there are relatively fewer!old fish compared with 
young anes in the most reeent period (c) when. the fishing eff~rt was greatest, 
the contrast with the pre-war period (a) being especially marked in Region IlE. 
Changes sueh 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. 

Ee2.2. Eefore proceeding to a more. detailed analysis of the aga-compos~tion 
data it is neeessary to derive the relation between total mortality coefficient 
and fishing effort. 

Suppose the abundan?e of a certain year-class in ane year is NI' and in 
the next year the abundanee lS N2 • The survival rate from the first year to 
the second is then N2/N ' and this is related to the total mortality eoefficient 
by the expression l 

where e is the base of the natural logarithms. 

Taking reciproca~ of each side of this equation gives 

e 
+ (F + TvI) 

and taking natural logarithms of both sides gives 

log 
e F ,+ M (6) 

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

= 'cf + M • . . •• (7) 
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This equation shows that estimates of total mortality eoeffieients from age-eomposition data when plotted against fishing effort would be expeeted to follow a linear relation. The intereept of the line (where effort is zero) gives an estimate of the natural mortality eoeffieient, and the slape of the line gives an estimate of the eonstant e relating fishing effort (in whatever units are used) to the fishing mortality eoeffieient F. 

It will be realized that the principle underlying this technique has mueh in common with that deseribed above for interpreting the relation between stoek and fishing effort. In this case the proeedure is to examine how the total mortality eoeffieient ehanges with effort~ if the two increase strietly in proportion to eaeh other it means that the observed change in total mortality can be fully aeeounted for by the ehange in effort 9 so that there can be no natural mortality. If 9 on the other hand~ large relative ehanges in fishing effort produee only a small ehange in the total mortality eoeffieient 9 then it must be that most of the observed total mortality is due to natural eauses. With this method, unlike the former, only ratios of abundanee are needed? and these ratios do not depend on the units in whieh the eateh per unit effort is measured~ thus absolute value's 'of" the eoeffieients F and Nr can be determined, whereas before only their ratio eould be. obtained. 

The relation between total mortality coeffieient and fishing effort in Region I 

The longest series of age-eomposition data for cod in Region I are those of the USSR. These are tabulated for years sinee 1932 in Table XV A as numbers of fish of eaeh age per l hour trawling. It was found that over the period as" awhole, age-groups VII, VIII and IX were fully represented and gave the best estimates of total mortality. The average mortality over these three years of life is shown for eaeh pair of years both as annual percentage rates and as instantaneous coefficients below the age-eomposition data. The last row of the table gives the total fishing effort in USSR units. 

The total mortality eoefficients and total effort are plotted in Fig~ C.15.A. Despite the seatter of the points there is a tendency for the"higher mortality eoeffieients to be associated with the higher values of fishing efforto This isparticularlynotieeable when the pre-war values (hollow eireles) are compared wi th those of reeent years (sol.id eireles ) . The mortali ty values are seen to be unexpeetedly high in 1950/51 and 1952/53, but 1951 and 1953 were the years in whieh the 1948 - 1950 y~ar-classes first appeared in "quantit y in the eatehes, and it is probable that the ehange in distribution of the fleet eaused the abundanee of older fish to be underestimated in those years. This would result in an apparently high morta1ity rate in fish of 7 to 9 years of age in the twa pairs of years in question. It is not possible to make a preeise allowanee for this eomplieation, but it was thought that the broken line shown in Fig. C.15.A gave areasonable representation of the data. This line has a, slight1y negative intereept, but this is noi signifieant bearing in mind the scatter the points;" it ean, however, be coneluded that t~e natural mortality coeffieient is small eompared with the totalmortality eoeffieient of about 1.0 in the last few years (about 65% per year). 

Another set bf age-eomposition data for Region I was prepared by combining all the available length and age-eompositions from all four eountries raised to eateh per unit effort in English ton-hour units. These are given in Table XV Band plotted against total effort in English ton-hour units in Fig. C.l5.B. As befare the pre-war points are shown by hollow eireles and post-war points by solid eireles. The apparently high mortality rate in years 1950/51 and 1952/53 does not now appear 9 and the trend of mortality with effort i? elearer although still similar to that of Fig. C.15.A. The intereept shown has a value of 0.2 (about 20% per year), whieh ean be.taken as an estimate of the natural mortality eoeffieient of eod in Region lover the age-range 7 to 9 years. 

It shou1d be mentioned at this point that although this estimate is called "natural mortality" it does, in faet, inelude all eauses other than fishing whieh are responsible for the observed deprease in eateh per unit effort of the year-class with age. For example, fish of 7 to 9 years of age are approaehing maturity, and are beginning to emigrate each winter to Lofoten, and 
I 
~ 
1\ 
It 
J 
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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 obtalned 
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 small~r. 

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 19509 in units 
of "number caught per 100-ton hours fishingli, 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 wi th 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 shownby the broken line, but on so few data no precision can be 
attached to the value of the intercept. 

The picture becomes rather clearer when Soviet age-composition data 
and total effort in USSR units are lised. These are given in Table XVI B, the 
mortality coefficients being plotted against effort in Fig. C.16.B. The 
regression line shown provides areasonable 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 a 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. In 1957/58 it appeared from the English data to be 
about 1.39 and about l ~ 6 from the Soviet data? this is equi valent to a mort ali ty 
rate in the region of 75-80% per year~ From sueh 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 IlE given earlier? it is concluded that much the greater 
part of this mortality was due to fishing. 

The relation between total mortality coeffieient and fishing effort 
from data of the Lofoten Skrei fishery (Region IlA). 

A long series of age-eomposi tion data for the :Nor-wegian 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 analysiB of these data is eomplicated by the faet that the gears 
used and the characteristics of the fishery generally make it difficult to 
express the age-composition ~nterms of catch per unit effort. The procedure 
adopted has therefore been first to eonvert the data to spawning group compositions, 
giving in each year the number of first time sp a\ilTner s 9 seeond time spawners, and 
80 on. Since the seeond 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-composi tions; the ad,vantage is that the influence 
of year-class variation is thereby diminished, since each spawning group con-
sists of fish of various ages and henee of severaI different year-classes. 
Secondly, the data have·.been grouped into two periods, the first from 1946 to 
1951 9 and the second from 1951 to 1958 9 and the average total mortality coefficient 
calculated for each period; this procedure was adopted to overcome as far as 
possible the lack of reliablo catch per unit effoJ?t~data for this fishery. 
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The spawning group data for each of these periods 9 males and females 
separately, are given in Table XVII. The logarithms of the numhers are plotted 
against spawning group numher in Fig. C.17.A; 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 
spawning group compositions of both males and females is steeper in the second 
periodX ) than in the first, the total mortality coefficients being~ 

Males Females Mean 

Period 1946/1950 ••••••• 0.00."000QOoo ••• 0.62 0.62 0.62 
Period 1951/1958 ••• o •• o.eoeoo ••• oeeo ••• 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 total fishing effort on these 
mature fish in the two periods. After spawning, the mature fish .migrate back 
to the feeding gr.Qundsin Regions I and Il], so that the fishing effort applied 
to them must include not only that during the spawning season at Lofoten, but 
also that in the fisheries in Regions I and Il] for the rest of the year. An 
effective total effort can most simply be calculated in such a case by dividing 
the total annual catch of mature fish in all re~ions 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/Ex and can be taken as areliable index of 
abundance, and the total catch is C, we have 

c 
total effort 

in the units in which reference effort Ex happens to be measured. It will be 
appreciated that this method is preci~ely 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 IlA and in Region 1

9 
and the Soviet catch per 

hour in Region l. These are given in Table XVII 9 each being expressed relative 
to its respective mean value for comparison~ it will be seen that all three 
sets of catch per unit values showasimilar degree of increase over the period, 
and the average of the three has been taken as the best avaflable estimate. This 
is divided into total catch of mature fish'to give the estimate of total effort 
on mature fish from 1946 to 1958 in the last columns of the table. For the 
period 1946 to 1950 the total effort was 6.4 units and from 1951 to 1958 it was 
12.1 units .. 

Fig. C.17.] shows the estimate of total mortality coefficient for the 
twa periods plotted against the corresponding fishing effort. The line joining 
them gives an intercept of about 002, which is an estimateof the natural mor­
tality coefficient in mature fishe 

],,2.5. Mortality estimation from a comparison of the abundance of 
immature and mature fish of the same year-classes. 

The analyses described above have been concerned with mortality 
estimation of the stooks in each of the three regions separately. One further 
possible use of the data was examined, namely to compare indices of the 
abundance of c~rtain year-classes as immature fish in Region I and of the same 
year-clnsses as mature fish in the Lofoten fishery foul" 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 viTould 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 groupsø 
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Soviet catch per unit effort data for age-groups IV, V? VI and VII combined were taken as indices of abundance of the immature year-classes in Region I each year from 1946 to 1954- Estimates of the combined abundance of age-groups VIII, IX, X and XI were taken from Norwegian Lofoten data in years 1950 to 1958, sa that they referred to the same year-classes when they had reached maturitYe 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 lised to estimate mortality coefficients directly; the ratio of the two sets of data (Region IlA values divided by Region I values) is however propartional 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.A, 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 initiallevel. 

Taking natural logarithms of these "survival ratios" gives values which are proportional indices of the total mortality coefficient 9 and in Fig .. C.18.C these are plotted against estimates of total fishing effort in Region I in USSR uni ts for'--e'ach 4-year periode The data 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 pre­ceeding sec~ions that the total mortality coefficient of fish from 7 years up­wards in both Regions I and Ila was about leO, it follows that the intercept of Fig. C.18.B corresponds to a natural mortality coefficient of about 0.250 

It is of interest to see that the points of Fig~ C.18.E 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 pool ed estimates of the four most abundant age-groups in the twa fisheries, and mor­tality is measured over a span of four years of life 9 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 a number of attempts to separate and measure the mortality rates due to fishing and to natural causes in the Arctic cad have -been presented. Two Iuain t l3chniques have been used, ane based on changes in the total abundance of the stocks in response to fishing, and the other on more detailed 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 twa or more countries according to which was thought to give the most reliable indices of abundance or age-composi tion and so forth. Probably other ways .of treating the data could be devised if more time had 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 a picture which leaves no doubt as to the effect that fishing has had on the Arctic cad. 

The main conclusions can be summarized as follows:-

(i) The natural mortality in Arctic cod is low, and probably averaging not ~reater than 20% per year CM = 0~2). This result has been obtained from seve;al estimatesbased 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 availabl~o 

(ii) The increase in the amount of fishing which has taken ,place in the last 15 years has, increased the total mortali ty rate to about 65% in Regions I and IlA, 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 up­wards. From the estimate of the natural mortality rate given above, it follows that something in the region of three-quarters '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. 

Colo Some general considerations 
The principle underlying the regulation of mesh size as a conservation measure is to reduce the cap ture of the younger and smaller fish and so allow greater numbers to survive to enter the catehes 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 requirement is that the individual fish must be able to increase substantially its weight by growth as it becomes 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 numb.ers 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 A:rctic cod is due to fishing. This means that after a 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 a 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 quite 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 wlth 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 thecatches 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 coafficient and growth in weight given aboveo 

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 9 and the numheT caught at each age, are calculated by applying the natural and fishing mortality coefficients as described in Appen­dix I. The number caught at each age is then mUÅ!iplied by the average weight of the individual fish to give the total weigftt~al; each age. These total weights are then added up for all age-groups to gi ve the total catch by yveight from the year-class throughout its life in the fishery . 

. l..... Four pairs of values of fishing and natural mortality coefficients I have been used, which it is thought cover the rang~ which the actual values r might have at the present time. These are: 
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(a) F 1.0, M 0.2 

,(b) F 0.8, 1\1 002 

(c) F 0.7, ]!I 0.3 

(d). F =. 0.8,. . M = 0.3 ( ) ( ) From what has been sald earller 9 lt lS thought that the values a and bare 
most likely to accord wi th reali ty and(c) ),(d-->~,:1. be regarded as a limiting case s . 
The lowest age at first capture was taken, as four years of age, at which the 
fish have a length of about 40 cm; it was thought that down to at least this 
size of fish the natural mortality coefficient would not be greater than the 
values above. Raving calculated the total catch of all age-groups, this was 
divided into the catch of fish -of g years .,a=~d J'Junger and the catch of fish 
9 years and older=: which correspond,s roughly to the immature and mature 
spans of life. 

Fig. C.21 shows the relation between total catch, "immature" catch and 
"mature" 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 inereases steadily 
up to the limit of the age range considered; with M = 0.3 the total catch also 
rises throughout, lYut the inerease is less. The immature cateh increases up to 
an age at first capture of 7 years when M = 0.2, and up to 6 years vv-hen 1\1 = 0.3. 
The mature catch rises throughout for both values of lVI" 

C,03. Assessment ofinereases in mesh size 

The calculations shown graphically in Fig. C.21 demonstrate that at 
the present high level of fishing intensity the best use of the growth potential 
of Arctic cod would be obtained by allowing 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. 80me 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 a'bout 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 9 it is not p08sible to allow the fish of a year-class completely to 
escape capture until the y reac~ ,a certain age or length and then to fish them 
at the full intensity. Furthermore, the younger fish tend to occupy somewhat 
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 smallest sizes than it is among 
those which are fully recruited, and does not increase abruptly from zero to 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 offish. Specifically, it is necessary to know how selection 
range varies with size of mesh, and also the true length compositions of the 
com~ereial c.atches 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 9 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 
from any of the travvl fisheries in the Arctic. Thus i t is kno'vvn that considerable 
quantities of small fish are at time discarded at sea by Engl~sh and German 
trawlers 9 vv-hile the available Soviet data l~efer to catehes of searching trawlers 
which were taken 'lvi th 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 occa~ion to proceed to the final step 
of estimating the long-term gain in total catch that would result from specific 
inereases in mesh above 110 mm. It can be said 9 however 9 that even with a mesh 
of 110 mm, large quantities of fish in the length range 35 cm to 45 cm are caught, 
from the growth in length of cod i t is knovvn that fevv, if any, of these would be 
as old as 6 years, thela~ge majority being 3 and 4 year-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 d~ring its life in the fisheryo 
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PART Il HADDOCK 

D.l. During the present meeting of the Working Group it has been possible 
to proeess and present the data on landings and eateh per unit effort of haddoek~ 
Compared with eod, the data for haddoek,both as regards the eommereial statisties 
and the research data, are less extensive and less reliable 9 it has nevertheless 
been possible to make some appreeiation of the effeets that fishing has had on 
the stocks. Owing to the shortage of ttme for preparing this report, it has been 
necessary to restrict this section on haddoek to a brief reference to the tables 
and figures presented and a summary of the conclusions reached. 

D~2o Totallandings of haddoek since 1930 by regions and by eountries are 
given in Tables H.l to Ho5 and illustrated in Figs. H.l to H.5, following as far 
as possible the Same seheme as has been adopted for eod. 

The landings show eonsiderable fluetuations, which is partly due to the 
large variation in year-class strength whieh oeeurs in these stocks. A better 
idea of the ehanges-'-thaf have oceurred in stoek abundance can be gained from 
Fig. Ha6, which shows thetrends in eatch per unit effort in English ton-hour 
units in eaeh region. Itwill be seen that in all three regions the eatch per 
unit effort was high immediately after the war and has subsequently deelined 
the fall being partieularly pronouneed in Region IlA where, ~s in eod, the s~oek 
~ons~st~ of older fish than in Regions I and IIB. Having regard to the ehanges 
ln flshlng effort which have occurred, these trends in eateh per unit effort 
indicate, that fishing has had a marked effeet on the abundanee of the haddoek 
stocks. Indeed, the coineidenee between the post-war inerease and subsequent 
decline of haddock and of cad is strong eonfirmation of the effeets of flshingo 

Do3. Some age-eomposition data for haddoek are available for the trawl fishe-
ries from both Germany and the USSR, but owing to the diffieulty of obtaining 
reliable cateh per unit effort data over a long period and of uneertainties in 
the earlier age-determin2tion methods, it has not proved possib1e so far to 
employ sueeessfully the methods of ana1ysis used for cad. The most that can be 
said at the present time is that judging by the rapidity with whieh good year­
elasses have dee1ined in the catehes with inereasing age, the total mortality 
rate appears to have been similar in recent years to that of coda 

Length eompositions of eommereial landings are, however,available for 
Region I sinee 1932, and show that significant changes have oeeurred in ~he 
size composition of the stoeks sinee that time. Fig. H.7 shows the length 
composition of the landings (English and German data) grouped into four periods~ 
1929-1933? 1934-1939y 1947-1951 and 1952-1958. It will be seen that in the 
earliest period when .the amount of fishing was relatively small the stoek eonsisted 
of a high proportion of large fish vvi th a. modal length of nearly 70 cm. This 
length eomposition is indeed charaeteristie of a virtually unfished stoek where 
the mortality rate is low and a large proportion of each year-cIas sean survive to 
beeome nearly fully grown. By the second period, 1934-1939,' when the fishing 
effort had increased substantially? the oldest fish had nearly disappeared from 
the stoek, the modal length had been reduced to below 40 cm, and the strueture of 
the stoek had beeome typical of a heavily fished stoek. 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 anc the stock once again showed the symptoms 
of heavy fishing. This coineidence in two separate periods between ehanges in 
size eomposition and inerease in fishing effort makes it unlikely that the 
ehanges have been due only to year-elass fluetuations. 

The USSR data for the two periods afte! 1947 show very similar changes~ 
as can be seen from the middlediagram of Fig. H.7. Here the proportion of 
smaller fish in the USSR data has been ~djusted to correspond with the English 
and German landings sO.that the eomposition of the larger fish in the two sets 
of data may better be compared~ 

The bottom diagram of Fig. 34 shows the ehanges that have oeeurred in the 
average weight of fish in the eateh. In both th~ 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. 

].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 coeffieient would be similar to that of cad. 

On this basis same 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 cad but using the 
growth in weight of haddock (see Fig. Co19). 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 cmse The results whieh 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,therBfore, 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-elass. 

PART III SUlV1MARY AND CONCLUSIONS 

E & l. Raving reviewed and analysed the available data for cad, the vIIorking 
group coneluded that the changes which have oceurred 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 
stoeks 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 iri the stoeks at the present 
time, and to determine how much of this is due to fishing and how much to natural 
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 eoncluded that about 4/5ths was due 
to fishing and orily l/5th to natural causes. 

E·3· The fact that the number of fish of a year-class decreasæby 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
elasses to cause more than a temporary increase in the abundance of the immatu~e 
stoeks and to have had relatively little influence on the mature stoeks in Regi~n 
IlA, even when allovvance is made for the hydrographie changes which have occurr~d 
in Region I in recent years. 

E.4. From a knowledge of the mortality and growth rates of Arctic cad, and 
from the provisional results obtained from the International Mesh Experiment which 
has recently been carried out, it has been possible to make same preliminary 
assessments of the effeet of inereasing the size of trawl mesh in the Arctic 
fisheries. It was concluded that there would pertainly 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 
mesh size .. 

E. 5 o • The urgency of the need to take some step towards increasing the size 
of.mesh 19 enhanced by the recent increases in rishing effort, the effects of 
whlch on the stocks may not yet be fully apparent. In all probability the relative 
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abundance of larger fish must be expected to decline still further; this itself 
will tend to make the fishing fleets seareh more intensively for the smaller and 
younger fish and s6 in the lang 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 
cad. While it has not been possible to assess the effects of increase in mesh 
size on haddock with as much confidence as for cod 9 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. 

Ec7. The Working Group wish to emphasize that in the time available during 
.the present meeting it has not been possible to in~estigate 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, th~ Working Group decided that to eomplete the task allot­
ted to it a final meeting would be required, of about ten days duration, befare 
the next meeting of the Permanent Commission, pre,ferably early in 1960? at which 
the following iteme would be among those to be dealt with:-

(i) To include in the analyses described in this report the 
data for 19599 which will be of critical importance in 
confirming and making more precise many of the estimates 
and conclusions arrived at here. 

(ii) To attempt to make assessments of the actual gains, 
relative to the present level of catehes, that are to be 
expected from specified increases in mesh size. This 
will require, in particular, a fuller analysis of the 
results of the International Mesh Experiment than has 
been possible sa 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 perspeptive 
by investigating the effects on the lang-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 cancerned, sa that scientific 
advice can continue to be provided to the Permanent 
Commission and so assist i~ achieving the best possible 
utilization of the Arctic fisheries. 

(vi) To prepare and agree a final report for submission to 
the Permanent Commission at i ts next meeting :Ln IVlay, 
1960. 

Capenhagen, September, .1959. 

il 



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

dU 
dt - (F + lVI) N (l) 

where F and M are the instantaneous coefficients of fishing and natural mor­
tali ty. 

Suppose the numbe+ of fish? present at the beginning of a certain 
period of time is No, and that during that period the two coefficients F and 
lVI can be regarded aseffectively constant, that is, the relative rate of 
decrease of the population is constant. The solution of equation (l) gives 
the number of fish remaining after any subsequent time t as 

l\T -(F+M)t 
1'10 e (2) 

where e is the base of the natural logarithms. If the unit of time is one 
year!) then the number surviving after one year has elapsed is 

-(F+M) No e 

Then the annual survival rate is NI/No, where 

e 
-(F+M) 

and the annual mortality rate is 

1- e -(F+M) 

The rate at which fish are being caught at time t during the year is 

dC 
FNt dt 

and from (2) 

dC 
TilN - (F+M) t 

dt ~ o e 

The total catch during the whole year is 
#,·1 

FNof e-(F+M)dt c (5) 
~ 

.. "l o 

which after performing the integration becomes 
\ 

C FNo / - (F+M)) (6) 
F + M \1 - e I 

'" / 
(/ '" 

Sinee from (4) the expTession No (1 e'- (F+Ivl)) is the total number of 
fish whieh have either been eaught or have died from natural causes during 
the year, equation (6) $how that of these the fraetion f/F+M have been eaught. 
Similarly~ the fraetion M/F+M have died naturally. 
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If the coeffic j_ents F and lVi can be taken as remaining effecti vely 
constant throughout the life-span of the year-class in the fishery, then the 
total catch obtained from the year-class during this whole period is 

c FN 
o 

00 

e-(F+l'J1)t dt 

o 

FNo 
F + 1'11 

In other words the total catch obtained from the year-class is the ratio 
F/F+J'JI of its initial abundance on entering the fishery. 

The use of instantaneous coefficients in the analysis of mort~lities 
of fish stocks has two advantages comparedwith annual mortality r~tes. One is 
that the magnitude of the instantaneous coefficient is proportiona!~themagnitude 
of the cause of the mortality which is not the case with annual rates; this is 
especially important when attempting to relate fishing effort to fishing mortality. 

The other is-that if twoor more causes of mortality are operating 
simultaneouslY9 the instantaneous coefficient of the total mortality is the sum 
of the coefficients for the', two causes active independently; 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 ~nd to natural causes is 
expressed in terms of the sum of the two instantaneous coefficients (F + M), 
the relation between the component due to fishing (F) and fishing effort can 
be investigated independently of the magnitude of the natural mortality coefficient M. 



I 1\ 

~ 

I 
fl 

Table L A.rctic cod. Total catch for each region 1930 - 1958. fl 
l! 
Il 
Il 
il 

Metric tons round freeh weight. 
'I 

~ 
---~-----~--------------~-----------------------~~---~--~---~~~~~-----~----~- I 
Year Region I Region Il b Region Il a Total I 

----~----~-~--~---------~-~-------~---~-------~--------------~---~-~~~-~-----

1930 83 466 72 013 282 163 437 642 

1931 96 884 64 266 l 72 010 333 160 

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 -43.1 514 167 960 285 847 885 321 

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 Ol 7 

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 

1955 830 694 153 437 163 710 1 147 8 Ll1 

1956 787 070 323 834 232 164 l 343 068 

1957 396 195 261 704 136 458 794 357 

1958 345 420 254 232 152 131 751 783 

------~~~---~--~-----~-~------~~-~-----~-~----~~---~--~-~-~----~-~~~~--~----

For notes s ee tables III - V,. 



Table. Il. Arctic cod. Total catch by countries 1930 - 1958. 

-~~~---~_w~~--~~_~· ___ ~_~_.w_~_~~~_~w _____ ~~~~~~~ ___ ~_-~- ____ M~~._~ __ ~_~~_~~~_~.~_ 
Englarid Germany Norway USSH. Others 

-~~-~-~--~~~~~~-~~~--~~-~~--~~~----------------------- ---------------------------
1930 72 034 23 445 325 459 16 625 79 
1931 59 905 26 079 211 443 35 685 48 
19j2 53 012 24 114 272 948 41 268 l 022 
1933 57 718 31 441 231 365 37 393 919 
1934 82 946 42 470 235 126 68 780 l 562 
1935 119 681 65 374 207 167 95 770 3 840 
1936 192 944 99 453 242 787 194 670 16 050 
1937 225 91 7 113 903 303 414 234 560 7 527 
1938 213 043 107 037 309 397 150 200 9 620 
1939 95 759 379 207 163 390 Il 277 
19.010 4 060 264 603 113 450 
1941 229 822 80 390 
1942 193 266 10 010 
19L13 153 754 14 870 
1944 194 825 24 550 
1945 164 233 64 720 
1946 260 046 19 III 308 834 117 980 29 
1947 309 171 21 913 392 415 155 820 2 698 
1948 316 103 38 049 248 973 167 930 3 240 
1949 361 602 38 038 219 477 168 230 12 775 
1950 248 711 28 556 247 741 189 080 17 894 
1951 255 654 36 212 315 058 210 840 9 416 
1952 224 983 24 933 297 279 284 630 44970 
1953 133 394 19 221 218 882 295 780 28 269 
1954 148 185 20 732 196 020 434 990 26 094 
1955 214 968 32 555 268 388 552 420 79 510 
1956 260 209 69 067 335 950 581 490 96 352 
1957 154 634 45 177 249 706 282 840 62 000 
1958 149 513 20 480 272 670 267 120 42 000 

------"-------------~---~-~-~~-----------~---------------~----~------------------



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

Metric tons round fresh weight. 

------~-~------~---.----~---------------------------------------------------~----
Year England Germany Norway USSR Others 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 52832 41 268 l 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 1 857 x) 314 075 

1939 19 788 66 639 163 200 3 591 

1940 ,3 460 20 504 113 430 137 394 

1941 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 

1946 53 835 28 676 117 100 29 199 640 

1947 127 242 5 980 53 119 151 970 2 447 3<-'10 758 

1948 164 794 17 000 63 386 158 650 2 790 406 620 

1949 226 450 17 210 67 816 162 340 11 126 484 942 

1950 136 790 13 500 66 230 135 410 4 544 356 474 

J 
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 l i 
I IL 

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 l 181 121 444 146 570 30 000 4} 345 420 

--~-~-~~~-~~~-~~~---~~~~~--~~-,~--~-~-~~~--~~-~~~~~-~~--~~~-~-~--~~--~~--~~--~--~~ 

Note l. All weights converted to round fresh weighic by means of 
conversion factors (k) : for Germany y\. = 1.2 

for Norway K = 1.4 

Note 2. Since 1949 S oviet data for catehes of eod include small 

quantities of haddoc:k. 

x) Note 3. Includes small quantity of flounders. 

Note 4. EsHmated. 



Table IV~ Arctic cod. Catch by countries in Region Il a 1930 - 1958. 

Nletric tons round fresh weight. 

---------~~---~-~-~-------~---~----~---------~~----~~-----~-----------~---~-~ 

Year England Germany Norvray Others Totc:d 

---~~-~~---~--~~-~--~~--~~-----~--~---------~~~--~~-~----~-~~~~----~~~------~ 

1930 222 281 896 45 282 163 

1931 l 064 170 934 12 172 010 

1932 2 138 218 771 13 220 922 

1933 2 003 170 438 7 172 448 

1934 2 700 8 215 177 219 l8B 134 

1935 . 9 305 21 280 121 162 54 151 80I 

1936 16 594. 43 892 129662 190 lL:~8 

1937 27 490 58 681 199 582 94 285 847 

1938 12 326 39 761 207 070 152 259 309 

1939 16 000 x 43 570 292 712 352 282 

1940 600 244 099 244 699 

1941 207 498 207 498 

1942 177 814 177 81.:.1 

1943 136 118 136 1.18 

1944 180 094 180 094 

1945 151 958 151 958 

1946 20 413 275·504 295 917 

1947 45 302 l 187 329 640 251 376 380 

1948 43 771 15 740 176 883 450 236 844 

1949 30 483 11 276 145 515 803 188 077 

1950 15 483 14 316 173 779 8 147 211 725 

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 8 005 104 486 129 824 

1955 19 172 l4802 129 736 163 710 

1956 28 381 27 144 176 561 78 232 164 

1957 26 819 14 444 95 195 136 458 

1958 23 200 15 989 112 942 152 131 

---~-----~---_.~-------------------------~------~----~~--~----------------~-~~ 

Note: Landed weights converted to round fresh weights by men.nr. 

of conversion factors 
for England and Germany 1. • 2 

for Nor\~!a y l . 6 

x: estirnated. 



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

Metric tons round fresh weight, 

--------------------------------------------------------------------------------
Year England Germany Norway USSR Others Total 

---------~-~--~-~~~--------~---~-~~~-~-----~--~-~-~-~----~-~~~-~--------~------~ 

1930 59 819 4 556 7 638 72 013 
1931 49 397 12 779 2 090 64 266 
1932 35 938 15 478 l 345 52 761 
1933 34 684 16 739 1 847 53 270 
1934 44 676 9 030 3 639 790 638 58 773 
1935 80 424 22 054 13 608 692 116 778 
1936 122 560 28 331 22 320 570 12 401 186 182 
1937 121 307 22 622 18 551 1 300 4 180 167 960 
1938 147 810 33 046 26 226 l 220 7 611 215 913 
1939 77 000 32401 19 856 190 7 686 137 133 xl 
1940 20 20 

1945 50 000 50 000 xl 
1946 185 798 19 III 4 654 880 210 443 
1947 136 627 14 746 9 656 3 850 164 879 
1948 107 538 5 309 8 704 9 280 130 831 
1949 104 669 9 552 6 146 5 890 846 127 103 
"1950 96 438 740 7 732 53 670 5 203 163 783 
1951 103 634 3 050 9 692 21 260 2 857 140 493 
1952 60 546 295 9 743 25 800 9 476 105 860 
1953 50 652 4 391 4 155 34 380 10 038 103 616 
1954 58 505 287 4 775 30 340 4 756 98 663 
1955 104 417 2 863 12 610 22 140 11 407 153 437 
1956 164 041 30 283 45 703 69 320 14 487 323 834 
1957 89 327 23 143 37 394 99 840 12 000 261 704 x 2 

1958 80 088 3 310 38 284 120 550 12 000 254 232 x 2 

----~~~~-~--~~-~-~---~~~---~-~~-~---~~-~---------~-~-----~--~-----~~~--~-~---~~~~ 

Notes: ( i) 

( ii) 

{iii} 

{iv} 

ENG LIS H, GERl'vlAN and (probably IfOTHERS") data refer to 
landings, not catch; RUSSIAN data are of catch. 

GERMAN datacompiled from monthly figures and increased by 
factor of l. 2 to convert from gutted to whole weight. 

"OTHERS" for 1937 probably includes other gadoid speeies. 

From 1952 onwards t the Faroe catch in the NE area is split 
half in each of regions I and Il b to arrive at a total for 
"OTRERS" • 

Estimated for English landings . 

In the absence of statistics t 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 thes e years. 



Table VIe Arctic cad. Fishing effart in Region I 1930 - 1958. 

flS C DE.l=- fr -------------------------------------------------------------------------------------
Year England Germany USSR 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1944 

1945 

1946 

16.30 

16.04 

21.89 

29.17 

31.47 

24.72 

36.72 

57.37 

42.59 

1947 38.4 

1948 63.1 

1949 80.0 

1950 93.2 

1951 98.93 

1952 102.60 

1953 53.12 

1954 51.47 

1955 60.65 

1956 54.28 

1957 44.46 

1958 55.57 

5617 

5?45 

3029 

3644 

3050 

3178 

2526 . 

3247 

--2971 ' 

47500 

89213 

98257 

98403 

128283 

102978 

190294 

206425 

196026 

103628 

272 148990 

851 161888 

1013 170884 

857 161202 

1461 231195 

1524 246505 

334 275158 

851 340042 

1050 373437 

856 492471 

616 

Total catch Total catch 
Eng1ish catch USSR catch-

6 0 96 

10.26 

7 .. 95 

6.33 

5.17 

7,,45 

6.87 

5.60 

5.94 

3.71 

2.68 

2.47 

2.14 

2.61 

3.16 

4.02 

7.45 

8.26 

9.09 

11.61 

10.29 

7.47 

5.02 

2~72 

2~88 

3 0 56 

2071 

2.33 

1 .. 90 

1 0 85 

2.11 

1.71 

2.24 

2.56 

2 .. 99 

2.63 

2,,15 

2.03 

1 .. 69 

1 0 48 

1 .. 57 

1054 

2,,17 

2.36 

English 
effart x D 

113 0 45 

1641)57 

174 0 03 

184.65 

164e10 

184 .. 16 

252,,27 

321.~27 

252,,98 

11.0 

44.0 

65.5 

103.,0 

155 .. 7 

171(\2 

248.0 

312,,62 

412 .. 45 

395 0 74 

425,,14 

551.31 

630 .. 19 

457 .. 49 

415.11 

USSR 
effart x E 

238 0 45 

242 0 65 

282 .. 99 

350 .. 30 

347 .. 64 

239,,94 

361{l55 

381~90 

413,,62 

28.0 

110.0 

177,,21 

414,,44 

510 .. 93 

423,,96 

497.07 

500,,42 

465.02 

503.,26 

586,,30 

758 .. 40 

778 e 64 

751 .. 97 

-------------------------------------------------------------------------------------
Notes: 

A Hours fishing x average tonnage x 10-6 
= millions of ton-hours~ 

Data for 1946-1950 adjusted for distributian of effart on main 
c od gr ound s. 

B Fishing days. 

C E t " t d H f" b" (bt" d t" catch (tons» s lma e aurs lS .Llng o ~nne as ra lO J.. h!h-- .. cal.oc r 
F = Estimated total effart in Eng1ish units, 

G = Estimated total erfort in Russian tl72t ts (a.s J .. C80 HC1r-, f=.El:.j.n~) '" 



l.'able vIL Arctic cod. Fishing effort in Region Il a 1930 - 1958. 

D E F G H I A B c 
- •. _-----------~------------------------------------------------------~------------------------------------- -------Nor\:vegian Total catch Total catch Total catch 

Year 

English 

effort x D 

German 
effort x E effort x F England Germany Norway English catch Gernl.an catch Lofoten catch 

-~-------~--------------------------------------------------------~-----------------------~----------------- ------
1930 0.34 28 356 
1931 2.15 26 508 
1<;32 2.53 26 608 
1933 3 a 68 31 905 
1934 3.09 865 28 336 
1935 5.07 3 759 28 772 
1936 4.92 4 568 25 043 
1937 9.92 6 508 23 559 
1938 4.91 5 638 22 548 
1939 
1<)45 
1946 3. 16 21 517 
1947 Il. 89 523 20 541 
1948 15 .. 09 2 535 19 247 
1949 10.29 2 598 18 552 
1950 11. 03 3 973 16 514 
1951 16.04 3 757 21 981 
1952 29.32 4 320 23 645 
1953 19.92 3 074 23 192 
1954 1'7.52 2 732 20 441 
1955 18.42 4 191 14 437 
1956 20.40 4 197 18 033 
1957 23 .. 86 3 878 10812 
19-515-'-- ., 26. ifJ' 12 125 

l 271~ 00 
161.66 
103.33 
86.09 
69.68 
16.31 
11.46 
10.40 
21.04 

14.50 
_8.31 
5.41 
6.17 

13.67 
12 .. 12 
7.28 
6.40 
7.49 
8.54 
8.18 
'5.09 
6 .. 56 

22.90 
7. 13 
4.33 
4.87 
6.52 

317.09 
15.05 
16 .. 68 
14.' 79 
16.39 
15.03 
11.94 
16.22 
11.06 
8.55 
9.45 
9.51 

1.39 
1.65 
1.31 
1.34 
1.35 
l. 72 
2.25 
2.17 
1.81 

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 

4.32 
3417.57 
261 .. 42 
316.81 

'215.31 
82.69 
56.38 

103.17 
103.31 

45.82 
98.91 
81.64 
63.49 

150.78 
194.40 
213.45 
127.49 
131.22 
157.31 
166.87 
121.45 ' 
175.15 

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 

39 415 
43 738 
34 856 
42 753 
38 254 
49488 
56 347 
51 123 
40 812 

30 984 
33 071 
25 791 
32 652 
30 386 
32 972 
40 197 
41 746 
36 181 
31 906 
39 673 
40 004 
34 071 

-------------------------------------------------------------6----------------------------------------------------
l\Totes: A Hours fishing x average tonr..age x 10- ;: millions of ton-hours .. 

B Fis hing days .. 

C Number of men fishing in Lofoten .. 

G = Estimated total effort in English units .. 

1-1 e Estimated total effart in German units. 

I:: Es Hmated total effort in Norwegian units e 



Table VIII. Arctic edd. Fishing effort in Region Il b 1930 - 1958. 

(l) ~) (3) A B C D 
--~--.. ~-----------~-------~~-----'--~---~-~-----------~-----~~--~------~------~-
Year England Germany USSR Total catch English A/B English 

ofcod (tons) catch effort x C 
. . 

_~ ____ ~ __ ~_~~~~ _______ ~ __________ ~M~ __ ~_~ ___ ~ __________ ~ _____ • _______ ~ _______ ~_~ 

1930 
1931 
1932 
1933 
1934 
1935 

. 1936 
1937 
1938 
1939 
1940 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

NOTES: 

17.51 
16.14 
181>61 
14.48 
21.80 
19.79 
24.06 
35 .. 51 
50 .. 71 
(?) 

5.59 
20.33 
31.29 
31 .. 73 
27.60 
36.91 
54 .. 23 
30 .. 98 
27.48 
32,,12 
44.32 
68.12 
65.56 
66.39 

596 72 013 59 819 1.20 ~1.01 
l 239 64 266 49 397 1 ~ 30 20.98 
l 227 52 761 35 938 1 i 47 27.36 
l 637 53 270 34 684 1.54 22.30 
l 337 l 145 58 773 44 676 1.32 28.78 
l 707 116 778 80 424 1 ~ 45 28.70 
2 043 687 186 182 122 560 1~52 36.57 
l 311 1 287 167 960 121 307 1 .. 38 49.00 
l 813 206S 215 913 147 810 1.46 74,,04 
l 815 452 - ~- _. ~ 

105 

866 518 210 443 185 798 1.13 22. 97-
l 099 4 425 164 879 . 136 627 1.21 37.86 

300 8 360 130 831 107 538 1.22 38,,71 
7 960 6 402 127 103 104 669 1.21 33.40 

49 41 605 163 783 96 438 1.70 62 .. 75 
169 17 008 140 493 103 634 1.36 73 .. 75 
123 26 327 105 860 60 546 1.75 54.22 
319 31 255 103 616 50 652 2.05 56., 33 

71 27 835 98 663 58 505 1.69 54.28 
137 19 593 153 437 104 417 1.47 65.15 

1 623 48 139 323 834 164 041 1.97 134.20 
2 196 151 273 261 704 89 327 2,,93 192 .. 09 

585 215 268 254 232 80 088 3.17 210e 46 

Hours fishing x average tonnage x 10-6 = millions of ton-hours ~ 
Fishing days .. 

Es timated Hours fishing (obtained as ratio 

D = Es timated total effort in English units. 



Table IX. Arctic cad. Catch per unit ef>fort for trawl fisheries in Region I 1930-68 ø 

Metric tons round fresh vreight. 

Year 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

England 

0 0 074 

0.059 

0.068 

0.072 

0.112 

0.121 

0.146. 

0.134 

0.124 

0.305 

0.335 

0.261 

0.283 

01/147 

0.130 

0.127 

0.112 

0.141 

0.151 

0.125 

0.087 

0.083 

Germany 

3.36 

2 .. 54 

2 e 85 

4.03 

8 0 27 

7 0 80 

11 0 30 

9.47 

10.60 

22.50 

19.90 

17.00 

15.85 

10.80 

5.04 

6.82 

14. 75x ) 

14.00x ) 

. 14.00x ) 

13.95x ) 

USSR 

0,,40 

0.,42 

0~38 

0~53 

0\'093 

1,,02 

1 0 13 

0.76 

1 .. 13 

1.,02 

0 0 98 

0.,95 

0 0 84 

0(182 

1.05 

0.95 

1.19 

1.42 

1.04 

0.51 

England 

0.510 

O~407 

Oe469 

0.497 

0,,772 

0.834 

1.007 

0 9 924 

0 9 855 

2 0 104 

2,,310 

1 .. 800 

1.950 

1 .. 014 

0 0 897 

0.,876 

0.773 

0.972 

1,,041 

0~862 

0.,600 

0.572 

USSR 

0.422 

0.482 

0 0 506 

0.,458 

0.639 

1.120 

1.229 

18361 

0.916 

1 .. 361 

1.,229 

1.181 

10145 

1.012 

0.988 

1.265 

1.145 

1 .. 434 

1.711 

1.253 

0 .. 614 

0.554 
~ ------------~~------------------------------~~~-----------------------------------------

Average 0.145 

Nates: (I) 

(Il) 

(111) 

(IV) 

x) 

tons (fi 'lQnded) 
E;rrg1ish figures are .. ---:-:--:-:~-'----------...,... __ -~ - 100 hours fishing x average tonnage (ships) 
Data for 1946-1950 adjusted for distribution of fishing on the main 
cod grounds. 

German figures are tons per fishing day.;> 

Russian figures are tons per l hour trawling. 

R 1 t · C p U E = Annual va1ues e a lve •••• A ... "l.verage 

Fishing main1y in April, May, November, December and January. 



Table x. Arctic cod. Catch per unit eilort for fisheries in Region Il a 1930 - 19581> 

Metric tons round fresh weight. 

Relative C .. Pc. U. E. 
~-~~---~-~-----~--~~~-"-~------~~-~-~-~--~~-----_._-----------~---~--------~~-~ 

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 0 084 6.32 0.454 1.113 

1933 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 L,497. 0.986 

1938 0.251 . 7,,05 6.35 1.357 1.118 

1939 

1946 0 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 

1952 0.116 3.80 6.14 0,627 la081 

1953 0.117 4 .. 06 3.57 O~632 0.629 

1954 0$099 2.93 3,.-58 0.535 0.630 

1955 0.104 3.53 5.14 0 .. 562 0.905 

1956 0.139 6.47 5,85 0 .. 751 1,030 

1957 0.112 3.72 3.41 O~605 0.600 

195? __ 0.087 4$47 0.470 0.787 

-------------~~--------_.-------------------------------------------------------
Average 

Notes: 

0.185 

(i) 

(ii) 

(Hi) 

(iv) 

E ~. 'h f' tons (fis h .landed) '-i ngus 19ures are ___________ .1:0-. _______ _ 

100 hours fishing x average tonnage (ships) 

German figures are tons per fishing days .. 

Nor.wegian figures are tons per man in Lofoten .. 

Relative C. P. U~ E. = Annual values 
Average 

I 
i 



Table XI., Arctic cod. Catch per unit effart for trawl fisheries in l~egion Il b 1930-58~ 

1v'Ietric tons round fresh weight. 

l=telaHve C. 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.'"194 

1934 0.205 6.76 o .. 69 0.678 0.736 

1935 0.406 12.94 1~343 

1936 O. 51 (J,- 13.$7 0.83 1.987 0.885 

1937 0.342 17.-26 1.,01 l. 131 1~077 

1938 0.,292 18.23 0.59 0 .. 966 0.629 

1939 17.S6 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 O. 191 18.06 1.25 0 .. 632 1.333 

1952 0.195 2.40 0.98 0.645 1.045 

1953 O.J84 13.78 1.10 . O .. ~08 l ~ ,l 73 

1954 0.182 t.~. 04 1.09 0 .. 602 l. J 62 

1955 0.236 20.90 L . .13 0 .. 780 1.205 

1956 0.241 18.99 1.44 0./97 1 .. -S36, 

1957 O. ,136 10.54 0,,96 0.450 0 .. 704 

1958 0,,-121 5.31 0,,56 0.400 O.?97 

----------------------~---------~----------~-------------~------~~-~~------~~~-

Average 0.3024 0 .. 938 

Notes: . (i) tons .. (f~.~h landed ) English figures are . -.. ----.......------::..------~-----
100 hours fishil1.g}{ average tonnage(ships) 

(ii) German figures are tons per fishing day. 

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

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



Table XII Region I Cod. Stock and Effort (see Fig. 12 ) 

Year 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

A 

Number per 
100 ton-hours 

125 

139 

126 

113 

37 

50 

56 

48 

64 

64 

51 

34 

38 

B 

l 
A 

0.80 

0.72 

0,,79 

0.88 

2.72 

2.02 

1.80 

2.07 

1.57 

1.57 

1.97 

2.95 

2.66 

c 

3-year sums 
of total effort 

(ton-hours x 10-6 ) 

120 

212 

324 

430 

569 

727 

967 

1,121 

1,233 

1,372 

1,606 

1,639 

1,503 

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

Col. C Estimates of total effort in English ton-hour units raised to 
total catch ratio. 



Table XIII 

Year 

1935 

1936 

1937 

1938 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

Note: Col.A. 

Col.C. 

Region Il B Cod. stock and Effort (see Figc13 ) 

B C 

l 
Numbers A x 100 3-year sums 

caught per Reciprocal of total effort 
100 ton-hours of CPUE millions of ton-hours 

194.1 0.52 80 

154.6 0.65 94 

___ 12}.1 0.81 114 

102« 5' 0.98 160 

186·I/~ 0.54 28 

108.7 0.92 66 

89.8 1.11 100 

150·5 0.66 110 

72~0 1.39 135 

79.1 1.26 170 

90.0 1.11 191 

79.5 1.26 184 

90.0 1.11 165 

114.8 0.87 176 

103·9 0.96 254 

48.8 2 .. 05 392 

60.2 1 .. 66 537 

Estimates based on English catch per 100 ton-hours fishing. 

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 l 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 1953 1954 1955 1956 1957 1958 

2 

3 

17 

43 

8 7 13 4 11 l 

60 42 35 

4 

5 

6 

61 49 97 77 

53 48 95 205 

44 24 12 

53 73 24 

54 36 52 

34 28 51 96 180 67 30 

7 27 23 

8 

9 

10+ 

13 14 

8 6 

19 11 

28 44 78 130 55 

27 20 36 69 60 

8 8 9 24 26 

8 11 10 11 10 

% total 
mortality 
rate,ages 
7 to 9 

Total mor­
tality co­
efficient 
ages 7 to 9 

Total fish-

51 18 54 40 23 58 

0~72 0.20 0.78 0."50 0.26 0.87 

ing effort 317 349 294 301 372 398 
USSR units 

2 4 4 l l 2 6 2 

27 7 3 2 2 87 86 l 139 25 10 20 15 

43 58 6 10 23 182 326, 321 351 79 40 47 

13 

58 

42 90 53 51 52 136 2~7 209 312 330 163 29 69 

70 90 114 149 71 70 145 82 171 251 233 59 39 

28 51 72 160 154 105 42 84 26 66 95 81 57 

43 19 39 54 55 18 20 15 25 36 28 36 31 

90 2~3 24- 20 24 7 10 4 10 12 6 7' 10 

96 84 29 24 24 4 6 4 9 10 4 6 9 

56 17 59 60 85 49 82 20 49 78 67 61 

0.81 0.19 0.88 0.92 1.91 0.67 1.67 0.22 0.67 1.51 1.10 0.95 

256 375 463 467 461 499 483 484 544 671 767 764 

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



I Table XVb 

Year 

Age 

3 . 
4 

Region r. Cod. Estim~ted age-composition of total catch by all countries, 
raised by English catch per unit effort. 

1932 1933 1934 1935 1936 1937 1938 1946 1947 1948 1949 1950 1951 

0.02' 0.03 0.10 0.02 0.3'1 7.?6 2.09 0.88 4.42 0.04 

0.38 0.37 0.43 0.56 0.58 1.89 1.8'7 11.52 18.25 1.89 12.92 0.49 1.41 

1952 1953 1954 1955 1956 1957 1958 ro 
~ 
o 
'M 
ri 

0.15 0.02 0.07 0.02 0.08 0.56 ~ 
E~ 

4(065 2.02 5.33 0.73 0.50 .1.98 4.44 Cf-1 . o 

5 le49 2.12 3~18 7.85 1.752.91 7009 11.39 28.42 15.59 18.38 1.15 8.61 11.84 13.77 19.03 10.83 6.29 3.40 9.98 ru 
, ~ 

'M 
6 3.16 3.37 6.18 13.97 8.61 7.66 5.73 18.91 28.42 33019 34.83 5.49 13.5816'.26 16.41 21.76 26.82 22.76 9.81 8.31 § 

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,~ 

8 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 3.99 5.44 5.59 6.55 5.53 ~ 

9 

10 

Il 

1.55 1.60 2.59 

2~20 1.37 0 .. 75 

1.48 0.64 0.56 

2.823.50 2.53'4.,30 24~29 7.10 7.17 

0.88 0.93 0.38 1.24 17.65 10.45 2.01 

0.29 0.19 0.26 0.48 5.~6 11.01 3 .~65 

6. 58 4.28 4.11 2.11 

2.94 1.76 1.76 1.52 

1.59 1.01 1.96 0.91 

1.62 1.62 1.93 

0.70 0.48 1.30 

0.15 0.67 0.57 

1.20 1.29 

0.61 0.58 

0.24 0.38 

m 
l. 56 ~ 

o 
H 

0.91 El 
o 

O 1.2 +;) 
• '-1- -j-J 

o 
p 

12+ 2.80 2.18 1.98 1.22 1.13 0.33 0.13 3.13 4.74 2.76 2.50 0.37 0:02 0.93 0.25 0.13 0.19 0.08 0.10 0.20,~ . 

Il. % total 
mortality 
rate t 

7 to 9 

total mor­
tality co-

19 -20 41 25 46 47 

efficient, 0.21 ~O.18 0.53 0.29. 0.61 0.64 
ages 7 to 
9 

Total fish­
ing effort 
English 
units 

79 174 174 218 287 287 

0.0 
,--_._-~-~--,------ m ~ 

Q)'M 
;:::5 r~-=: 
rim 

49 23 66 53 52 66 59 61 49 72 67 63 ~~~~ 

0.67 0.26 1.09 0.76 0.74 1.09 0.900.94 0.67 1.27 1.10 1.00 

84 130 163 210 280 363 404 410 488 591 544 436 

~m 
H H 
o ;:::5 
Cf-1O 
Cf-1 .-C-1 
Q)I 

)::j 
dO m +) 
~ 
o Ct-j 

Ei o 

.. 

~I 



Table I6a. 

Year 

,Region IIB Codo Age-composition 9 number per 100 
ton-hours fishing, and total effort. 

1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 

3 1.0 002 107 105 2.1 1.7 0.3 0.2 1 .. 2 

4 1101 904 207 905 2 .. 6 9.0 3601 10.,7 19.6 10.8 1~1 2.7 2501 

5 24.6 40.9 20.5 4303 12.4 11.1 23.8 38.8 2504 6002 22.1 4.7 1401 

6 15.8 1401 22.9 65.4 26 0 5 20 .. 4 7.7 1506 35.3 2604 6004 1601 6 00 

7 902 106 19.7 2604 1907 1807 806 309 408 14.2 1109 1806 8 .. 2 
,. 

8 14 .. 6 108 505 400 7.8 13 .. 4 4.,7 4.4 107 1.,6 702 4 .. 5 4.5 

9 71,,1 13,,6 3,,9 103 2.3 304 6.7 2 07 0 .. 8 0 .. 4 0.8 1.,7 008 

10+ 38 .. 9 2703 1306 0.6 005 008 0.9 1.3 0.7 009 004 003 003 

Mean % 
total 
mort a1i- 41 63 47 71 68 51 70 72 ty rate, 
ages 6/7~ 
778 and 
8/9 

Mean total 
mortality 

\ 
0052 0099 0063 1.24 1015 0.72 1.20 1 .. 27 

co~fficient 

t Total 
fishing 
effort, 68 64 55 55 60 99 163 201 
Eng1ish 
units 

Note (i) English age data and catch/unit effort from 1950 ..., 1958 

(ii) USSR age data converted to equivalent English age-composition 
for 1946 - 1949,. 



Table XVIb Region Il B Cod. 

Age-composition, number per hours fishing .. 
based on U.S.S~R. data 

A B 

Age 
3 4 5 6 7 8 9 10+ 

% mortality Mortality 
rate; 6-8/7-9 coefficient Year 

1949 + 41 117 174 70 Il 4 l 
- Il - 0.10 

1950 10 21 82 126 175 78 29 26 
55 0.80 

1951 40 1-62· . 187 254 131 38 ·3 + 
61 0.92 

1952 65 388 161 57 68 51 47 52 
58 0.87 

1953 146 117 325 146 37 26 Il 5 
50 0.69 

1954 9 204 167 183 61 25 17 36 
50 0.69 

1955 8 114 251 134 105 23 6 6 i 

42 0.54 
l: 

"~il 

1956 2 33 232 346 110 40 2 l li 
74 1.35 !jl 

1957 53 27 28 87 87 35 9 3 11 

81 1.66 :t 
il 1958 54 234 48 22 29 10 l + ·;11 
,I 

Note: Col. A ~ % Mortality rate 

Co1. B = l _ e-A 



~~l 

Table XVII Spawning group cornposi tion of skrei 1946-l950 and 
1951-1958 and corresponding effort of mature fish. 

A B 

Relative catch/ Total catch 
Spawning unit effort Mean rela- of Mature 

group 1946 - 50 1951 - 5'8 Year England England USSR tive catch/ fish Region Total effort Meaneffort 
Ila I I unit effort I, Ila, IIb BIA for period 

·1 451 466 597 614 1946 3~057 3,,340 3.053 30150 131812 41845 -, 
\ 

2 282 241 293 258 1947 1 .. 715 2.111 1.680 1.835 138629 75547 \ 
\ 
\ 

3 136 141 77 80 1948 1.258 1.445 1,227 . 1.310 92737 70792 \ 67,735 ( 
4 66 71 18 22 1949 1.369 1.214 1 .. 307 1.297 78131 60240 I 

I 

5 32 38 7 Il 1950 0.600 0 .. 889 1.373 0.954 86090 90241 
I 
/. 

6 15 19 4 7 1951 0 .. 747 0 .. 838 0,387 0.657 86050 130974 

I 7 10 10 3 4 1952 0.600 0.514 0.480 O,,, 531 77121 145237 

8 5 6 l 1953 0.600 0,,441 0.307 0.449 46489 103543 
I 

2 l 9 :3 4 l 1954 0.515 0.397 0,587 0.499 50186 100573 
\ 

10 l 2 1955 0.542 0.507 0.773 0,607 61668 101595 
1121 ,360 

l l l 1956 0.772 0.4·15 0.507 0,564 81652 144773 
I 

2 1957 0.656 0.484 0.653 0.597 70257 117684 ) 
F + M O. 62 O, 62 1.10 0.97 1958 0.515 0.460 O" 667 0.537 67772 126205 ) 

Mean 0,62 1.04 

Notes: 
Mature fish are 8 years and older. 

~~~..;~.: .. :.>:_~.~--~-:-~- ---~"-~--~ ~-~-



Year A 

1946 206 

1947 300 

1948 333 

1949 364 

1950 251 

1951 430 

1952 842 

1953 638 

1954- 900 

Comparison of abundance of certain year-classes 
in Region I and four years later in Region IlA? 
and total fishing effart. 

Year B c D Year 

1950 528 2056 1.36 1946/49 1.77 

1951 1022 3 .. 41 1007 1947/50 2041 

1952 795 2039 1 .. 43 1948/51 3.17 

1953 470 1 029 2005 1949/52 4009 

1954-_c 41-2 1064 1081 1950/53 4090 

1955 577 1.34 2 .. 01 1951/54 5055 

1956 795 .94 2036 195'2/55 6.39 

1957 418 066 2.72 1953/56 7.17 

1958 642 071 2065 1954/57 7038 

Co10A.. Catch per unit effort of age-groups 4 to 7; hoso 
per hour's traw1ing~ USSR datao 

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

Co1.Co Ratios Co10B to Gol.A .. (proportiona1 to survival 
rate) 

ColoD.. Natural logarithms of reciprocals of ColoD 
(proportiona1 to total mortality coefficient)o 

ColoEo Total fishing effort in Region 1 9 in relative unitso 
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Figure c-3.. Arctic cod. Region I. Landings by countries (See Table Ill) .. 
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FigureC-4. Arctic cod. Region Ila. Landings by countries (See Table IV). 



Fi~e C6. Arctic cod. Region I. Total fishing effort 9 relative to the mean 
in a) English units and.b) USSR units. (See Table VI). 
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Figure C7. Arctic cod. Region Ila. Total fishing effort, relative to the rnean 
in English units. (See Table VII). 
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Figure CB. Arctic cod. Region IIb. Total fishing effort~ relative to the mean 
in English units. (See Table VIII). 
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Figufe C13h. Arctic cod. Region IIb.. Relation between the reciprocal 
of the stock dens it y and fishing erfort. (See Table XIV). 
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Figure el5a. Arctic cod. Region r~., Relation between total mortality co­
efficient from age 6-9 (USSR) data and total fishing effort in 
USSR units. (See Table XVb). 
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Arctic cod. Region riL Relation between total mortality 
coefficient from age 6-9 (English data) and total fi3hing 
effort in English lli1its. (See Table Ava). 
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Figure C16ai Arctic cad. Region I~b Relation between total 
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Figure c16b. Arctic cod. Region Il!bRelation between total mortali ty 
coefficient from age 7 to 9 and the total fishing effort 
in USSR units. (See Table XIIlb). 
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Figure 17a. Arctic cod.. Region Ila.. S_pawning group composition of skrei 1946-
1950 and 1951-1958~ males and females. (See Table XVII). 
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Figure C17b. - Arctic cod. Relation between total mortality coefficient and 
total fishing effort on mature fish (8 years and older) .. 
(See Table XVII). 
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Table H~L~ Arctj.c haddock: Totallandings for each region 1930-1958 
inmetric tons round fresh weight 

------------------~----------~-----------------------~-------------------~~--~-------
Year Region I Region Ila Region IIb Total 

1920 91,,042 2.834 80479 102 0 355 

1931 69 0 958 4.596 6 .. 162 80.716 

1932 40,.912 4.910 8 ... 432 54&254 

1933 41 .. 399 3,,434 3,,497 48(.'1330 

1934 44,,658 10.062 40596 59,,316 

1935 52,,667 18,,411 5.388 76(.'1466 

1936 73,,046 21~462 3 .. 924 98,,432 

1937 102 .. 583 27 0 973 7.,391 137~947 

1938 -167 .. 7-41- 30.384 14.202 212 0 327 

1939 106 o 139- 17,,050 5.748 128 0 937 

1940 88 0 835 le981 15 90 .. 831 

1941 68()115 2.577 70,.692 

1942 21 .. 030 2 .. 191 23.221 

1943 47 0 798 1-:.747 49.545 

1944 55",734 1~145 56",879 

1945 21.171 1.023 22.194 
1946 59.166 26.799 8 0 245 94 a 210 

1947 94,,329 36 0 258 5,603 136 to 190 

1948 79.:,423 37.785 7 .. 373 124~ 581 

1949 115.574 24",953 9 0 626 150.l53 

1950 90.517 30.010 11 .. 206 131.733 
1951 86.735 27 0 758 5(.'1564 .,120 .. 057 
1952 103 .. 662 20,,334 3 .. 664 127.660 
1953 105 .. 416 15,,605 2 0 426 123 Q 447 
1954 8 .. 671 

-"""'''''''''-.-

125 0 681 22«>096 156--;448 
1955 157.,098 34..,693 10~954 20~ .. 74S 

1956 163.720 40.,935 8,~624 213,,279 
1957 8S., ~SS 24 0 658 11,,061 122.705 
1958 78 .. 065 28.613 .5e121 111..,799 
--------~------------------------------------------~---------------------------------

Note 1: All weights converted to round fresh weight by means of conversion factors: 

England 1930 38 and 1951-58 
lf 

Germany 

Norway 

1946 - 1950 

1.4 



Table HTI 

Year 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

19~8 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

Arctic Haddock: Totallandings by countries~ 1930 - 1958 
in metric tons round fresh weight. 

England Germany Norv;ay U.S.S.R. Others 

29.731 41.527 30.937 160 

18.899 34.836 26.854 127 

18.881 20.830 14.387 156 

16.602 21.277 10.393 58 

16.425 15.497 13.277 14.080 37 

23.887 28.380 13.226 10.910 63 

36.450 20.432 19.190 22.300 60 

50.546 30.900 22.813 33.440 248 

46.982 46.824 20.412 97.300 809 

33.972 20.056 74.680 229 

2.764 11.606 76.400 61 

11.677 58.660 355 

11.841 11.380 

8.445 41.100 

2.349 54.530 

1.344 20.850 

72.733 58 8.199 13.210 10 

82.957 655 14.682 37.210 686 

62.777 12.900 30.652 17.800 452 

80.757 12.455 25.803 29.320 1.818 

70.684 13.993 21.805 24.764 487 

52.367 11.785 21.405 34.144 356 

46.351 7.536 26.940 46.589 244 

30.084 6.544 39.176 47.442 201 

32.208 9.993 41.004 73.147 96 

44.085 18.462 44.641 95.450 107 

43.072 26.258 51.255 92.551 143 

32.634 8.449 47.748 33.780 94 

27.317 7.622 50.377 26.383 100 



Arctic haddock: Total1andings from Region I, 1930 - 1958 
in metric tons round fresh weight~ 

-----~----~--~----~-~---~------~~-----------~-~----------------~~---~-----~-~~~----~ 
England Germany Norway UeSoS.,R. Others Total 

----------~------~-~-----------~~---~-------------~-------~-----~--------~~------~--

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

21.846 

13.781 

12.430. 

14.062 

12.834 

16.036 

25.956 

34.716 

30.2En 

39.752 

44.797 

34.954 

62.488 

47.923 

33.259 

33.441 

21.761 

15.752 

19.356 

23.182 

14.986 

10.012 

40.765 

32.750 

17.828 

19.424 

8 011 322 

15.404 

8.767 

14.482 

22.B66 

13.835 

2.616 

325 . 

349 

2.526 

1.351 

2.105 

1.904 

1.217 

2.218 

3.402 

4.028 

1.134 

172 

28 8 431 

23,,362 

10()562 

7.902 

9~395 

10 0 296 . 

15 Q 981 

19 0 727 

17.632 

17.462 

9(1.768 

9.100 

9.650 . 

6 e 698 

1.204 

321 

6.194 

11.514 

26.113 

19.845 

16.453 

17.048 

21,,491 

35.261 

34 8 805 

38 OJ 829 

44 0 259 

37 5 883 

41.448 

14.070 

10.910 

22.300 

33,,410 

96.500 . 

74 0 650 

76<:>390 

58.660 

11.380 

410100 

54 0 530 

208850 

13,,210 

37.200 

17.680 

29.220 

24 0 374 

34.124 

46 0 589 

47.052 

72 0 837 

95,,450 

92.191 

32,,940 

26.383 

65 

92 

11 

37 

21 

42 

248 

662 

192 

61 

355 

10 

493 

327 

1495 

416 

199 

237 

125 

69 

61 

60 

43 

50 

911:>042 

69.958 

40.912 

41.399 

44.658 

52.667 

73.046 

102.583 

167,,741 

106.139 

88 0 835 

68.115 

21.030 

47.798 

55.734 

21.171 

59.166 

94,329 

79.423 

115.574 

90,,517 

86.735 

103 .. 662 

105.416 

125,681 

157.098 

163.720 

86.986 

78.065 
--------------------------------------------------------------------------------------
Note l: All weights converted to round freshweight by means of the same conversion 

factors (see Note l in table H~I.) 

Note 2: Figures for "others" taken direct from Bulletin Statistique. 

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

Note 4: Soviet data from 1949 onwards, as presented, included small quantities of 
haddock in with cod. Haddock landings for these years were estimated as 
0.18 x cod, the average proportion in the years 1945 - 1948. 

Note 5: "Others" in 1958 estimatedo 



Tab1e H IV Arctic haddock: Totallandings from Region Ila, 1930 - 1958 
in metric tons round fresh weight. 

Year England Germany Norway Others Total 

1930 168 2.506 160 2.834 

1931 1.042 3.492 62 4.596 

1932 1.021 3.825 64 4.910 

1933 896 2.491 47 3.434 

1934 1.736 4.444 3.882 10.062 

1935 4.421 11.018 2.930 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 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 

19117 32.819 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 6.492 5.261 3.852 15.605 

1954 8.231 7.740 6.125 22.096 

1955 14.237 14.875 5.581 34 0 693 

1956 13.401 21.439 6.070 25 40.935 

1957 8.670 6.719 9.269 24.658 

1958 13.003 7.301 8.309 28.613 

----------------------------------------~-~~--------~---------------------~-

Note l: All weights· converted to round fresh weight by means of the same 
conversionfactors (see note l in tab1e H.l.) 

Note 2: Figures for "Others" takendirect 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 SvinØyare not included. 



Table H V t Arctic Haddock: Totallandings from Region IIb, 1930 - 1958 
in metric tons round fresh weight 

--~-~---~-------~--------~----~------~------~---------------~--~~-----~----~----~~----
Year England Germany Norway UeS.S.R. Others . Total 

---~-~------------~---------------------------------------~-------~------------------~ 

1930 7.717 762 8.479 

1931 4.076 2.086 6.162 

1932 5.430 3.002 8.432 

1933 1.644 1.853 3.497 

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 BO 7.391 

1938 9.293 4.009 800 100" 14.202 

1939 5.681 30 37 5.748 

1940 5 10 15 

1941 

1942 

1943 

1944 

1945 

1946 8.187 58 8,,245 

1947 5.341 252 10 5.603 

1948 7.205 48 120 7.373 

1949 9.291 199 100 36 9.626 

1950 10.803 13 390 11.206 

1951 5.507 37 20 5.564-

1952 3.640 17 7 3 .. 664 

1953 1.831 66 63 390 76' 2\l426 

1954 8.225 35 74 310 27 8.671 

1955 10.492 185 231 46 10.954 

1956 6.489 791 926 360 58 8.624 

1957 8.978 596 596 840 51 11.061 

1958 4.302 149 620 50 5.121 
--------------------------------------------------------------------------------------
Note l: 

Note 2: 

Note 3: 

Note 4: 

Note 5: 

All weight converted to round fresh weight by means of the same conversion 
factors (se.e Note l in table H.l.). 

Figuresfor "Others" taken direct from Bulletin Statistique. 

For years prior to 1953 the Norwegian landings of haddock in region IIb are 
partly included in the catch from region I and partly region Ila. 

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

"Others" in 1958 estimated. 



Table H.6. Arctic haddock. 

Year Region I 

1930 134 

1931 86 

1932 56 

1933 49 

1934 41 

1935 66 

1936 71 

1937 59 

1938 71 

1946 97 

1947 61 

1948 52 

1949 67 

1950 41 

1951 33 

1952 32 

1953 41 

1954 30 

1955 31 

1956' 42 

1957 33 

1958 19 

Catch per unit effort 9 expressed as 
kilos per 100 ton-hours fishing. 

Region Il a Region Il b 

43.0 

25.0 

28.0 

11.5 

8.6 

0.95 17.3 

1.5 13.0 

1.0 16.5 

1.5 18.2 

7.9 41.0 

2.8 17.1 

1.4 23.4 

0.87 34.2 

I.l 28 .. 6 ' 

Oa84 10.2 

0.32 11 .. 8 

0·32 6.7 

0.46 25.8 

0.77 24.4 

0.66 9.5 

0.30 13·7 

0 .. 48 6.5 
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Figure Hl. Arctic haddock. Total1andings by regions, 1930-1958 
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Figure HZ. Arctic haddocko Totallandings by countries, 19~O-1958. 
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FigureR3. Totallandings by countries in Region I. 
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Figure R4. Arctic haddock. Totallandings by countries in Region Ila .. 
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Figure H5. Arctic haddock. Totallandings by cou:.-:tries 
in Region IIb ,. 



\ 

100 \ 
tf.l 

-\ 
?-i 
;::i 

.2 
I 
~ 
o 

..p 
50 

o o 
~ o 
r-l 
-.-I 
~ 

O I 

1930 

t 7.5 "1 

2.5 

I 
! 

I 
I 

O l 
I 

1930 

100 i tf.l 
?-i 

I 
;::i 
o 

,.q 
I 
~ o 

\ 
..p 

50 
o l o 
~ o 
r-l I -,.-l 
l::s:I 

O I 
1930 

0 
~ 

\ 

~ 
~ 

1940 

I 

1940 

Region I 

Region Ila. 

1940 

Region IIb. 

1950 

\ 
\ 
~ 

1950 

1 

1950 
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Figure H7a. Arctic Haddock.. Region I.. Length composition 
German (1929-55) and Eng1ish (1956-58 ) 

%0 
300 

200 

100 ~ 

g 

3000 -1 

~ 20O:>J' -l 
-r-! ! 
Q) I 

Q) 

a.D 

~ 1000 
Q) 

!; 

o 

O l 
I 

I 

USSR 

English-German 

90 cm 

Figure H7b.. Arctic Haddock. Region I. Length composition 
USSR data adjusted to correspond with Eng1ish and 
Germal1,landings for periods 1947-51 and 1952-58. 

1930 1935 1940 

-y--

1945 1950 1955 

Figure H8. Arctic Haddock. Region I. Average weight of fish landed. 
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